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Curricular links
Curriculum for Excellence 

Sciences
SCN 4-09b	 By contributing to investigations into the 
properties of a range of electronics components, I can select 
and use them as input and output devices in practical electronic 
devices.

SCN 4-09c 	 Using my knowledge of electronic components 
and switching devices, I can help to engineer an electronic 
system to provide a practical solution to a real-life problem.

Technologies
TCH 3-14a	 By using problem-solving strategies and showing 
creativity in a design challenge, I can plan, develop, organise 
and evaluate the production of items which meet the needs at 
home or in the world of work.

TCH 4-14b	 I can apply the skills of critical thinking when 
evaluating the quality and effectiveness of my own or others' 
products or systems.

Literacy
LIT 4-02a	 When I engage with others I can make a relevant 
contribution, ensure that everyone has an opportunity to 
contribute and encourage them to take account of others’ 
points of view or alternative solutions.  I can respond in 
ways appropriate to my role, exploring and expanding on 
contributions to reflect on, clarify or adapt thinking. 

LIT 4-10a	 I can communicate in a clear, expressive manner 
when engaging with others within and beyond my place of 
learning, and can independently select and organise appropriate 
resources as required.

National Qualifications
Physics
Intermediate 1	  	 - Unit 6 Electronics.

Standard Grade 	 - Unit 4 Electronics, Sections 1-4.
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Structure and timing
The project is structured in five sections, each with a its own set of 
learning intentions and success criteria.  It requires about 6-8 hours 
of classwork. (The activities can be extended for a longer period.)

Setting the Scene (the background: Mars exploration)1.	

Group Work on Mars Mission (incorporating Mission 2.	
Planning and Rover Race)

Setting up the "Microelectronics for All (MFA)" Board and 3.	
its Basic Functions

Symbols and Truth Tables4.	

Combinations of Gates and Design Engineering 5.	
(incorporating design and building of a control circuit and 
simulation of Rover deployment)

In addition, extension work is proposed (including activities 6.	
related to the LEGO RIS system and the Mars and Robotics 
activities from the NASA website).

Key resources  

Facilities for PowerPoint presentation and on-line websites/videos.•	

	 o  Some free web resources from NASA / JPL / Arizona 	
	     State University sites are used.

The materials for the Mars Mission games provided in the •	
Groupwork folder.

	 o  Some photocopying and cutting out of the cards is 	required.

Microelectronics for All (MFA) Boards (or similar).•	

LEGO Mindstorms Robotics Invention System (RIS) – this •	
is needed for the extension work only.

Learning Outcomes/Intentions, project tasks and some •	
guidance on ‘tutorials’ related to them for the different 
sections of the work are included in the package.
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Activity 1
Setting the Scene (the 
background: Mars 
exploration) 
Lesson 1.1

Time required
45-60 minutes

Learning Intentions
State some reasons why a Rover has been sent to explore Mars1.	

State or explain why it cannot be controlled remotely from Earth2.	

State what is meant by a systems approach to engineering3.	

Understand that an electronic system is made up of an input, 4.	
process and output

Resources required
PowerPoint “Setting the Scene”.•	

PowerPoint quiz: “Setting the Scene Quiz”.•	

PowerPoint “Learning Intentions”.•	

Video material to show Mars Rover activity.•	

Procedure
The teacher uses the PowerPoint presentations and the video 
material to explain the background to the project and can use 
the quiz to check understanding.

(Please note that the Learning Intentions PowerPoint covers 
the whole set of Mars Rover activities and is referred to again as 
they are taken forward.)
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Activity 2
Groupwork on Mars 
Mission  

Activity 2 consists of two lessons over two periods. 

Lesson 2.1 – groupwork rules; Rover drivers work out 
instructions; remainder of groups start “Marsbound” challenge.

Lesson 2.2 – groups are issued with chance cards for 
“Marsbound” challenge; groups optimise designs; they are 
taken out one by one to do Rover Races. 
 

Time required
90 - 120 minutes 
 

Learning Intentions
Agree on a set of rules for cooperative working1.	

Experience the difficulties of tele-operating a Rover  on 2.	
another planet

Adopt a systems approach to maximising the science return 3.	
on a space mission while staying within budget.

Resources required 
PowerPoint: “Learning Intentions” and instruction sheets •	
Task 2.1 and Task 2.2.

“Rover Course” sheet.•	

“Marsbound” pupil sheet, “Marsbound cards v100” and •	
“Marsbound design mat v100”.  
(It is possible to use the "Design Log“ part of the pupil 
sheet as an electronic rather than a paper record, if desired.  
Alternatively, the "Marsbound Mission Plan" provides an 
electronic record).

Large open area (classroom, gym, or outside area).•	



Mars RoverEngineering Activity Teacher Guide

14Engineering the Future

Three blindfolds per team.•	

Obstacles - laminated construction paper works well. •	
(Note: do not use any materials that the blindfolded pupils 
will trip or fall over).

A stopwatch for the timer of each team.•	

Blank instruction cards (one per group).•	

Preparation
Use construction paper tiles (red 30 x 30 cm work well) to 
create the obstacle course that the Rover(s) will traverse. 
Laminated tiles work best and last for many uses. (Do not use 
desks or chairs, as pupils may trip over them.)

Make the course by arranging the tiles symmetrically.  A 10 m 
course with 5 sections works well – see “Rover Course” sheet – 
but other course designs are possible.

The “Marsbound” cards have to be copied – preferably in 
colour. Each team needs one set of cards, one design mat and, 
preferably, two copies of the Marsbound Pupil Sheet, including 
the Design Log spreadsheet. 

If each group has access to a computer, the Design Log can be 
completed electronically. Alternatively, the Marsbound Mission 
Plan can be used as an electronic record.

Procedure (for the two lessons)
Brief discussion on why group work can be useful (can be 1.	
enjoyable to work together, can get more done, good skill 
for later life, etc); then groups draw up their own rules for 
cooperative working. (15 minutes. Can use instruction sheet 
Task 2.1 to guide this process).

Pupils begin to work on the “Marsbound” design challenge 2.	
in groups and assign roles for the Rover Races. 

Explain the aim of the “Marsbound” challenge to the •	
class, reminding them of the main principles of working 
effectively as a team and highlighting the fact that there 
are many possible solutions to this problem. Remind 
them of the benefits of a systems approach and of the 
need to optimise designs.
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Issue the “Marsbound” and “Rover Races” materials •	
and give the groups a chance to read the worksheets and 
look at the cards. Get the groups to assign roles for the 
Rover Races, then spend a few minutes getting the class 
to tell you what it is they are being asked to do in both 
activities. Once you are happy that they understand the 
tasks and the structure of these two lessons, set the time 
limit for their initial “Marsbound” design (5 minutes 
from end of lesson) and let them get started.

The Design Log spreadsheet (the second page of the •	
Marsbound Pupil Sheet) should be used by each group 
to help keep track of its design. It can be completed 
electronically if the group has access to a computer. 
Alternatively, the Marsbound Mission Plan can be used 
as an electronic record.

While the “Marsbound” challenge is going on the Rover 3.	
drivers are withdrawn one by one from their groups to sort 
out their instructions for negotiating the Rover Race course.

At the start of the second lesson the chance cards (43 to 4.	
48) are drawn for the “Marsbound” challenge. Groups then 
continue to optimise their designs. 

While this is going on, the Rover teams come out one by one 5.	
and complete their Rover Races, with the teacher judging the 
foot faults.

At the end of the lesson announce the winner of the Rover 6.	
Races and draw from pupils the things that made this 
difficult and how it is like a real Rover navigation exercise. 

Decide on which team has won the “Marsbound” rocket 7.	
challenge and again highlight the engineering approaches 
which were successful.
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Points to make in plenary session
Rover Races
The pupils might observe that their steps and those of the 
people acting as the Rover might need some type of calibration 
(eg. “take baby steps” or “take giant steps”). Turns might be 
more accurate by saying, “turn 45 or 90 degrees”. Running a 
Rover with 2 or 3 axles is also different from walking a course as 
a single person.

Tele-operation is difficult and in a real situation things have 
to happen very slowly in order that mistakes can be corrected 
before things go badly wrong.

The Rover needs sensors, processors and controllers to allow it 
to be effective – we will learn about this in the next lesson.
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Activity   3
Setting up the Electronics 
Board and its Basic 
Functions 

Learning Intentions 

Identify devices used as input stages1.	

Understand what some input devices do 2.	

Know in which electronic system an input device might be used 3.	

Identify devices used as output stages4.	

Know the energy changes for output devices5.	

Know in which electronic system an output device might be used 6.	

Time required
About 1 hour.

Resources required
There are two versions of the Learning Outcomes for Activities •	
3 and 4 and instructions for the two tasks 3.3 and 3.4.

MFA boards, Angus electronic boards, or alternative.•	

PowerPoint “Using the Electronics Boards” and relevant •	
video clips 

PowerPoint Basic Functions Quiz.•	

Procedure
Two alternative approaches can be taken: 

the first involves the teacher guiding the pupils through •	
Lessons 3.1 and 3.2 as shown below;

the second involves the pupils in designing circuits to solve •	
specific problems, in Tasks 3.3 and 3.4.
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Approach 1
Lesson 3.1 – Input devices  
 (20 – 30 minutes).

Introduce the electronics boards and how to use them 1.	
(demonstration by the teacher or use the PowerPoint or video).

Pupils investigate the input devices on the electronics board:2.	

What does each one do?•	

What does each device respond to?•	

For what could it be used as the input stage?•	

Lesson 3.2 – Output devices  
(20-30 minutes).

Pupils use one push switch and a connecting lead to 1.	
investigate the output devices on the electronics board. (The 
PowerPoint slides are helpful.)

What does each one do?•	

What is the energy change for each one?•	

For what could it be used as the output stage?•	

Approach 2
 Note - This would replace lessons 3.1 and 3.2. 
(45-60 minutes)

Demonstrate the electronics boards – explain how to power 1.	
them and show how to make connections.

Have the pupils undertake the two tasks, 3.3 and 3.4 (see 2.	
instruction sheets), in parallel, with 2 groups doing each 
task. Pupils should make notes of their findings then share 
their knowledge one-to-one with the members of a group 
working on the other task; this means each pupil has to 
explain the group’s findings one-to-one to a member of the 
other group. Thus all group members have a responsibility 
to ensure they understand what is going on in the research. 

Whole class feedback on input and output devices and what 3.	
they might be useful for.

The Basic Functions Quiz (see PowerPoint) can be used to 4.	
check on pupils' grasp of the work.
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Activity   4
Symbols and Truth Tables 
Lesson 4.1 – Process Devices and 

Truth Tables 

Learning Intentions
Draw and identify the symbols for a NOT gate, a two-input 1.	
AND gate and a two-input OR gate

State that a signal present (high voltage)  =  1; no signal 2.	
present (low voltage)  =  0

Draw the truth tables for a NOT gate, a two-input AND gate 3.	
and a two-input OR gate

Identify the following gates from their truth tables:  NOT; 4.	
AND; OR

Time required  

45-60 minutes

Resources required
PowerPoints “Process Devices and Truth Tables” and •	
“Symbols and Truth Tables Quiz”

Task 4 instruction sheets, hint sheets, tutorial sheets and •	
problem solving sheets 

MFA boards, Angus electronics boards or alternative•	
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Procedure 

(Note: this can be done using either the PowerPoint or the 
worksheets.)	

Teacher explains what is meant by 1, 0, high, low in terms of voltage.1.	

Pupils investigate logic gates to see what makes each one 2.	
turn on.

Teacher explains what is meant by a truth table. Pupils then 3.	
complete truth tables for NOT, AND and OR gates, using 
the electronics boards and noting down the following: gate, 
symbol, truth table, a sentence explaining the truth table for 
each gate. 

Groups try problem solving sheets if they have time.4.	

Quiz used to test understanding.5.	
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Activity   5
Combinations of Gates 
and Design Engineering 
(incorporating design and building 
of a control circuit and simulation 
of Rover deployment)

Learning Intentions
Explain how to use combinations of logic gates for control in 1.	
simple situations

State the function of a relay2.	

Use a relay in a practical circuit3.	

Time required
45-60 minutes

Resources required
Power-points "Learning Intentions" and “Setting the Scene Part 2”•	

Instruction sheets for tasks 5.1, 5.2 and 5.3•	

“Using the Relay” video. •	
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Procedure
Introduce the activity using the PowerPoints "Learning 1.	
Intentions" (last slide) and “Setting the Scene Part 2”.

Issue groups with instruction sheets 5.1 or 5.22.	

Small groups work on these tasks, pairing one-on-one with 3.	
students from other groups to explain each others’ designs 
(20 minutes).

Issue Task Sheet 5.3 – groups now co-operate to build a 4.	
circuit that makes use of each of their individual circuits. 

Class discussion of successful solutions: emphasise that they 5.	
have adopted a systems approach to solving the problem. 
Discuss what worked well in terms of their rules for working 
effectively as a group. 

Show online simulations - homework task could be set if desired.6.	

The Combination of Gates Quiz can be used to check on 7.	
pupils' grasp of the work.
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Activity   6
Extension Activities
There is plenty of scope for extension activities using, for 
example, the electronics boards (the Latch activity, Task 6.1) 
or Lego Mindstorms Robotics Invention System (some brief 
suggestions are included in Task 6.2). 

When using the Lego Mindstorms system, it is advisable to 
have the kits made up in advance so that the pupils can proceed 
directly to programming. 

There are also additional possibilities in the Mars Activities 
material from the NASA JPL / State University of Arizona 
website and the Robotics Activities material (also from NASA) 
included in the package. (The preceding 5 activities in this 
project are derived from these sources.)

The ASU Robotics Poster material offers further ideas for 
extension work.

Examples are:
MSIP-MarsActivities.pdf  pg 66, Out of Sight (needs some form 
of vehicle, e.g., remote control car or Lego motor).

robotics_activities.pdf Activity 5 (suggests using a toy car).


