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Internal Assessment Resource

Digital Technologies Level 1

	This resource supports assessment against:

Achievement Standard 91079 version 3
Implement basic techniques in constructing a specified electronic and embedded system

	Resource title: Automatic Guided Vehicle

	3 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 3

To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number A-A-02-2015-91079-02-4639

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource 

Achievement Standard Digital Technologies 91079: Implement basic techniques in constructing a specified electronic and embedded system
Resource reference: Digital Technologies 1.49 v3
Resource title: Automatic Guided Vehicle
Credits: 3
Teacher guidelines

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource. 

Teachers need to be very familiar with the outcome being assessed by Achievement Standard Digital Technologies 91079. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting 

This activity requires students to implement basic techniques to construct and test functional systems and write and debug embedded software for a specified electronic and embedded system, such as a line-following robot. 

Two approaches are possible when using this standard for assessment:

1. The students are stepped through the design and creation process and all produce a similar outcome, following a common set of specifications. The teacher may create the specifications for this outcome in discussion with the class and/or may allow individual students to negotiate a variation of the selected outcome. 

See Student Resource A for sample specifications. These should be reworked to suit your particular context and selected outcome.
2. The students have been engaged in technological practice and are at the point where they have fully established the specifications for their outcome and are ready to construct it.

In either case, ensure that:

· the specifications relate to the monitoring and control of variables in both hardware and software, define the functional qualities required, and will provide sufficient scope for the students to meet the requirements of the standard 

· the electronic environment includes a functional combination of hardware and software

· there is an agreed step-by-step plan that describes a sound and robust process for developing the outcome – this plan could be developed as the students practise the techniques prior to assessment and/or in negotiation with you
· you conference with the students and support them as they construct their system (for events that may occur with the equipment or within the computer system and that are not intended to be part of the task)

· you provide guidance on the tests to be applied to ensure that the system is constructed accurately and meets specifications.

Students will be assessed on the skilfulness and efficiency with which they implement basic techniques.

Prior learning

Ensure that all students have the necessary prior learning before beginning this activity:

· Provide them with multiple opportunities to practise the basic techniques. 

· Ensure that they know how to write and annotate code correctly.

Conditions 

This is an individual assessment task. It is recommended that the students be given 7 weeks (30 hours) of in-class time to complete it. 

Because you are required to assess the ways in which the techniques are implemented as well as the quality of the outcome, the students should complete all their practical work in class time.

Resource requirements 

Each student will require:
· a microcontroller system that includes a simple switch and a pair of light sensors that can detect the line. The microcontroller also needs to be able to control the electric motor that powers the robot

· a construction set that easily allows a gearing system to be included to manage the speed of the robot – this could be a construction set that includes all of the above components ready to plug and play, for example, a PICAXE kit line-following platform

· soldering equipment, light-dependent resistors, 1.25W resistors around 10kΩ, and some form of copper-clad circuit board on which to build the sensor circuit, for example, Veroboard, which is available from Jaycar, Mailtronics, or similar companies

· access to a computer and suitable software for programming the microcontroller

· batteries to power the robot – usually these will be mounted in a battery holder attached to the robot.
Additional information 

This standard requires you to make judgements about the ways in which the techniques were implemented as well as about the quality of the outcome. 

For example, you are required to notice (for Merit) whether the student has “constructed and tested reliable functional systems with well-soldered joints” and “written, debugged, and annotated embedded software so that the program is logical” and (for Excellence) “constructed and tested functional systems, with well-soldered joints” and “optimised track and component layout and secure, reliable, well-organised connections to any components that are mounted off the board” and “written and debugged embedded software so that the program is logical, efficient, and clearly annotated.”
You must be able to justify your judgements by providing evidence based on classroom observations and discussions with students. 

This assessment activity is based on making a line-following robot. However, it could easily be adapted for different contexts, such as a dancing robot or an automated temperature control system for a glasshouse. The table below exemplifies the standard requirements for both these options.

	Example
	Input variable
	Output variable
	Interface hardware

	Greenhouse temperature or moisture detector
	· Temperature

· Moisture
	· Motor (for controlling windows)

or

· Heater or fan
	· Thermistor or other temperature sensor

· Motor control circuit

· Humidity or moisture sensor

	Dancing robot
	· Boundary detector
	· Motor that controls the robot
	· Motor control circuits and light sensors to detect the boundary of the dance area


Internal Assessment Resource 

Achievement Standard Digital Technologies 91079: Implement basic techniques in constructing a specified electronic and embedded system
Resource reference: Digital Technologies 1.49 v3
Resource title: Automatic Guided Vehicle
Credits: 3
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Implement basic techniques in constructing a specified electronic and embedded system.
	Skilfully implement basic techniques in constructing a specified electronic and embedded system. 
	Efficiently implement basic techniques in constructing a specified electronic and embedded system.


Student instructions 
Introduction 
This assessment activity requires you to construct a line-following robot that meets certain specifications. The activity is also suitable for an alternative system that you have trialled through technological practice and that is now ready to be constructed in its final form. 

Teacher note: This assessment activity is based on making a line-following robot. However, it could easily be adapted for another outcome, such as a dancing robot or an automated temperature control system for a glasshouse.
In creating the line-following robot, you will keep to the specifications and follow a step-by-step plan. Your teacher may provide these, or you may develop them independently and have them confirmed by your teacher.

You will be assessed on:

· the extent to which your line-following robot meets the specifications
· the manner in which you implement techniques and apply testing procedures to create the specified outcome. Your independence, as well as your accuracy and efficiency, will be taken into account.
This is an individual task. You have 7 weeks (30 hours) of in-class time to complete it.

Teacher note: Adapt the time allowed to meet the needs of your students.

Preparatory activity

Read the scenario below or devise one that describes the need or opportunity you plan to address. For example:

Line-following robots are sometimes used in large factories to move products from one location to another. These robots need to follow guidelines on the floor, stop when there is an obstacle in their path, and know when they have reached their destination. 

If your teacher has provided specifications for the line-following robot, read and absorb them. Alternatively, devise your own (see Student Resource A for an example) and then confirm with your teacher that they are suitable. This will ensure that you do not specify an outcome that is either too simple or too complex, and that you will have access to all grades of achievement.
If your teacher has provided a step-by-step plan, read it carefully. If not, write your own step-by-step plan for making your line-following robot and confirm it with your teacher. Familiarise yourself with the techniques you will need to use as you carry out the steps. (See Student Resource B for examples of techniques.)

Ensure that you know how to apply these techniques so that you comply with relevant health and safety regulations.

Check that your plan describes how and when you will test your developing outcome. (See Student Resource C for information about testing).

Decide how you will keep brief evidence of what you did, when you did it, how it worked, and how you addressed problems. For example, you could keep a daily log, or you could annotate each step of your plan as you complete it. Evidence should include the codes for your computer program.

Task

Produce and test your line-following robot, working accurately, efficiently, and independently and using the step-by-step plan. As you follow the agreed plan, you will:

Teacher note: If your students are constructing an alternative option, adapt these instructions accordingly.

Select appropriate electronics components for an interface that links the line detection to the microcontroller. Keep a record of how you have used data sheets or calculations to assist in selecting these components. (You may use circuit diagrams.) 

As you develop your line-following robot, keep a record of what you do, including the results of all testing. 

Write a computer program that:

· controls the line-following robot
· allows it to work according to the specifications. 

Test and debug a working model of the line-following robot system and record the debugging process clearly and succinctly in the annotations of the software. 
When you have completed the above tasks:

· demonstrate to the teacher that your line-following robot meets the specifications
· hand in for assessment your robot and your documentation, including your computer code and any diagrams, annotated photographs, or other evidence of the construction and testing. 

Student Resource A: Sample specifications for a line-following robot

The robot:
· follows the line

· stops when it reaches the end of the line.
Teacher note: Specifications are short statements that describe the function of the finished product. They should not describe a particular skill or efficiency. At all grade levels, the product is required to meet specifications. Skilful and efficient implementation is not required at the Achieved level.

Student Resource B: Basic techniques for making your line-following robot 

· Write, debug, and annotate embedded software so that the program is logical, efficient, and clearly annotated. Your computer program should be clearly set out and correctly indented. It should have comments that explain exactly what the program is doing at each step. It should also use labels so it is easy to read and understand the program.
· Construct well-soldered joints. A well-soldered joint is contained within its pad; the solder should be smooth and shiny and the joint should have no problems conducting electricity.
· Ensure optimised track and component layout and secure, reliable, well-organised connections to any components that are mounted off the board. This means:

· the line-following sensors should be connected securely and reliably to the microcontroller

· the connecting wires should not break if they are moved a few times (in addition to the soldering, they should be fixed to the sensor by some other means) 

· there should be no strain placed on the soldered joint 

· the tracks on the circuit board should be wide enough to cope with the current that will flow through them

· the tracks should be far enough apart that solder is not likely to accidentally join two tracks together. Solder pads for components should be big enough so that when a hole is drilled through them for the component to be inserted, there is still a complete ring of copper around the hole for the solder to attach to. The components should be arranged compactly on the board, which should be no bigger than necessary
· the wires are bundled together and are near the component to which they connect

· it is easy to see where wires are going and therefore to access and change parts.

· Apply these techniques in a way that complies with relevant health and safety regulations.

Student Resource C: Testing your robot

This means checking thoroughly that the line-following robot works according to the specifications and then taking actions to correct it where it is not performing as expected.

Initial testing should include:

· visual checks of soldering
· visual checks of system construction 

· visual checks of track and component layout, making sure the circuit is correct
· practical testing for line following and for stopping at the end of the line

· electrical tests of circuit connectivity
· checks that the program has been clearly set out and properly annotated

· checks that there are no errors in the program code.

Responses to testing could include:

· reconstruction at the stage where the item can still be altered if necessary

· checks that the program has been properly debugged. This means that any errors have been found and corrected.
Assessment schedule: Digital Technologies 91079 Automatic Guided Vehicle

	Evidence/Judgements for Achievement 
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has implemented basic techniques in constructing a specified electronic and embedded system.
The student has:

· constructed and tested functional systems 

For example, the line-following robot functions according to the specifications. However:

· not all joints are well soldered, for example, the student has used too much solder, or the joint was not hot enough when the soldering was done, so the solder has not flowed into it completely, or the joint was dirty, so the solder did not stick to it

· the system is not always reliable, for example, not all joints are reliable (some are loose and prone to breaking)

· the wires are not always bundled together or near the components to which they connect

· it is not always easy to follow and see where wires are going, making it difficult to access and replace parts.

· written and debugged embedded software
For example:

· the bug fixes are published through different versions of the software 

· the student’s construction and debugging have resulted in the code shown in the Achieved exemplar in Appendix 1.

This description relates to only part of what is required, and is indicative only.
	The student has skilfully implemented basic techniques in constructing a specified electronic and embedded system.
The student has: 

· constructed and tested reliable functional systems with well-soldered joints 
For example, the line-following robot functions according to the specifications and: 

· the joints are well soldered

· the system is reliable, for example, all joints are reliable, secure, and not prone to breaking.

However:

· for connections to any components off the board, the wires are not always bundled together or near the components to which they connect

· it is not always easy to follow and see where wires are going, making it difficult to access and replace parts.

· written, debugged, and annotated embedded software so that the program is logical
For example:

· the bug fixes are published through different versions of the software

· the debugging process is recorded in the annotations on the software 

· the student’s construction and debugging has resulted in code shown in the Merit exemplar in Appendix 1.
This description relates to only part of what is required, and is indicative only.
	The student has efficiently implemented basic techniques in constructing a specified electronic and embedded system.
The student has: 

· constructed and tested reliable functional systems with well-soldered joints

· optimised track and component layout and secure, reliable, well-organised connections to any components that are mounted off the board

For example, the line-following robot functions according to the specifications and:

· the wires are bundled together and are near the component to which they connect

· it is easy to see where wires are going and therefore to access and change parts.

· written and debugged embedded software so that the program is logical, efficient, and clearly annotated.

For example:

· the bug fixes are published through different versions of the software

· the debugging process is recorded clearly and succinctly in the annotations on the software, such as “This is the software error, and this is the rewritten software that overcame problem X.” 

· the student’s construction and debugging resulted in code shown in the Excellence exemplar in Appendix 1.
See Appendix 2 for examples of evidence for Excellence
This description relates to only part of what is required, and is indicative only.


Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard.

Appendix 1: Code exemplars
Excellence 

/* this piece of code waits allows a robotic vehicle to follow a black line along a curved path. The robot stops at the end of the path when it detects a black rectangle.*/

#include <motor.h>
//brings in a ‘library’ which consists of some pre-written code to manage a pair of motors

byte forwards  = 1;
//sets up labels to make the code more readable and easily understood

byte reverse = 2;

byte off = 0;

Motor motor;

//defines motor as a particular instance of a more general class of functions called Motor


void setup() {

//there are no special things to do in the setup section for this program 

}

//although in this system, setup() can not be left out.

void loop() {

//sets the program up to run continuously

if(analogRead(left_sensor > 400))

//checks if left sensor is on white background motor.


L.motor(forwards);

//if so the left motor is turned on

if(analogRead(left_sensor  < 401))
//checks to see if left sensor is on black line


L.motor(off);  
//if so the left motor is turned off

if(analogRead(right_sensor  > 400))
//checks to see if the right sensor is on the white background


R.motor(forwards)
//if so the right motor is turned on

if(analogRead(right_sensor < 401))
//checks to see if the right sensor is on the black line


R.motor(off);
//if so the right motor is turned off.

}

Assessor comments

This piece of code is clearly written, well annotated, and well structured.

The code is correctly indented, so it is clear how many lines of code each “if” statement applies to.

The labels “left_sensor”, “right_sensor”, “forwards”, “reverse”, and “off” make the code straightforward and easy to understand.

The comments are clearly separated from the code, so it is easy to see which is which.

The comments explain what is happening at each step of the program.

Assessor judgement: Excellence

Merit

/*  this piece of code waits allows a robotic vehicle to follow a black line along a curved path. The robot stops at the end of the path when it detects a black rectangle.*/

#include <motor.h>




Motor motor;



void setup() {

 

}



void loop() {



if(analogRead(0)> 400))




L.motor(1);

//start left

if(analogRead(0)< 401))



L.motor(3);
//stop left

if(analogRead(1)  > 400))

//start right


R.motor(1)


if(analogRead(1))
//stop right



R.motor(0);


}

Assessor comments

The code is correctly indented and logical. The program works correctly.

There is the odd comment that indicates what is happening at those points.

There are labels that indicate which motor (L.motor or R.motor) is being turned on or off.

However, both the commenting and the labelling could be more complete and informative.

Therefore the example is not at Excellence level.  

Assessor judgement: Merit 

Achieved

#include <motor.h>


      

Motor motor;

void setup() {

 

}



void loop() {

    

if(analogRead(0)> 400))



L.motor(1);



if(analogRead(0)< 401))


L.motor(3);  


if(analogRead(1)  > 400))



R.motor(1)


if(analogRead(1))



R.motor(0);


}
Assessor comments

The code is correct and logical. It correctly makes the robot follow the line and stop at the end.

However, there is no annotation.

No indentation is used to help make the structure of the program clear.

The lines are all jammed together, and this obscures the structure of the program.

Labelling is non-existent except for those labels that are built into the library functions and that the student could not avoid using.

Assessor judgement: Achieved

Appendix 2: Examples of evidence for Excellence
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Components have a compact layout. Note how the three wires pass through a hole in the board before arriving at the soldering point on the other side. This prevents any mechanical strain from being applied to the soldering and greatly improves the robustness of the attachment.





Tracks are well set out and solder joints are clean.





This plug is securely soldered to the connecting lead.





This finished lead will attach the battery to the robot.





This wire is both crimped and soldered to the plug. It will not come off.





The motor’s leads are securely attached to the robot.





The computer  is securely attached to the robot.





Robot
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