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Chapter 8 Strategies to improve operations — 8A Technological strategies to 
improve operations

Theory

Operations management is the transformation of inputs into outputs — the goods and services a business sells. 
Managers adopt technological strategies to improve how this transformation is carried out. The study design judges 
the result against two separate measures, and it is essential to keep them apart.

 Efficiency measures how well a business uses its resources (inputs) to produce its outputs. An efficient 
operation produces a given output using the fewest resources — the lowest cost, the least time and the least 
waste. Improving efficiency means getting more output from each unit of input (raising productivity), or the 
same output from fewer inputs.

 Effectiveness measures the degree to which a business achieves its objectives. An effective operation 
produces outputs that meet the intended standard and satisfy customer needs. Improving effectiveness 
means getting closer to the business’s goals — for example, producing a high-quality good, meeting customer 
expectations or fulfilling a market need.

The two are not the same. A business can be efficient (cheap, fast, little waste) yet ineffective (the product does not 
satisfy customers), or effective (customers love it) yet inefficient (it costs far too much to make). The study design 
requires each technological strategy to be explained for both measures — how it lifts efficiency and how it lifts 
effectiveness — and the two effects must be written separately, not merged.

One further point of accuracy: within the operations system, technology is a capital input — a resource the business 
acquires and applies — not a process. Investing in these technologies changes the inputs and the way processes are 
performed; it is an error to describe “technology” itself as a process (or as a management style, skill or theory). It is an 
operations strategy.

The study design prescribes six technological strategies.

 Automated production line. A sequence of linked machines and workstations — often connected by a 
conveyor system — that carries a product through the manufacturing process automatically, each station 
performing a task with little or no direct human labour.

o Efficiency: the machines run continuously at high speed without breaks, fatigue or per-task wages, 
so output per hour rises while the labour, time and material cost of each unit falls.
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o Effectiveness: every unit is produced to the same precise specification, so quality is consistent and 
defects are reduced, producing reliable outputs that meet customer expectations.

 Robotics. Programmable machines (robots) that automatically perform specific physical tasks — such as 
welding, assembling, painting or packing — and that can be reprogrammed to perform different tasks.

o Efficiency: robots work quickly, precisely and continuously, replacing slower manual labour and 
reducing errors and rework, so more is produced from the same inputs at a lower cost per unit.

o Effectiveness: their precision and repeatability produce accurate, uniform, high-quality outputs, and 
they can perform dangerous or intricate tasks reliably, helping meet quality and safety objectives.

 Computer-aided design (CAD). Software used to create, model and modify a product’s design digitally in 
two or three dimensions on a computer, allowing designs to be visualised, simulated and tested before 
manufacture.

o Efficiency: designs are drawn and altered on screen rather than as physical prototypes, saving 
design time, materials and cost and speeding up product development.

o Effectiveness: CAD allows precise, sophisticated designs to be simulated and refined before 
production, producing better-functioning products that more closely match customer needs, and lets 
the business respond quickly to changing preferences.

 Computer-aided manufacturing (CAM). Software and computer-controlled machinery that direct and 
automate the physical production process, frequently using a CAD design file to control the machine tools 
that make the product.

o Efficiency: production is automated and machinery runs precisely and continuously with minimal 
labour, cutting production time, material waste and the cost of each unit.

o Effectiveness: the product is manufactured to exact digital specifications with high consistency, so 
outputs accurately match the intended design and quality standard.

 Artificial intelligence (AI). Computer systems that perform tasks normally requiring human intelligence — 
learning from data, recognising patterns, and making decisions or predictions that improve over time.

o Efficiency: AI can optimise and automate decisions such as scheduling, demand forecasting and 
predictive maintenance, reducing downtime, errors and wasted inputs so operations run faster and 
more cheaply.

o Effectiveness: by analysing large volumes of data, AI can detect defects, predict customer needs 
and tailor outputs, producing goods and services that better meet customer expectations and 
objectives.

 Online services. Internet-based platforms used to deliver, support or transact a business’s operations — such 
as websites, online ordering and booking systems, e-commerce, cloud-based systems and online 
customer support.

o Efficiency: transactions and enquiries are handled automatically at any hour without staff, reducing 
labour and premises costs and speeding communication with customers and suppliers, lowering the 
cost of each transaction.

o Effectiveness: customers can access the business anytime and anywhere, widening its reach and 
offering convenient, tailored service, so customer needs are better satisfied.

Key ideas to keep straight.

 Efficiency is not effectiveness. Efficiency is about using resources well — minimising cost, time and waste 
(productivity). Effectiveness is about achieving objectives — quality outputs that meet customer needs. Most 
of these strategies improve both, but through different mechanisms, and examiners require the two effects to 
be explained separately, not combined into a single statement.

 CAD is not CAM. CAD is used in the design stage to create and test the product on screen; CAM is used in 
the manufacturing stage to control the machinery that makes it. They often integrate — a CAD file feeds the 
CAM system — but they are different strategies applied at different points.

 Automation and robotics are not AI. An automated line or robot follows fixed, pre-programmed 
instructions and repeats the same task; AI can learn from data, adapt and make decisions about situations 
it was not explicitly programmed for. A robot can operate with no AI at all.
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 Technology is an input, not a process. These strategies are capital inputs the business invests in; they 
change how processes are performed but are not themselves a stage of the operations system — and they are 
operations strategies, not management styles, skills or theories.

Contemporary example — Roy Hill, January 2023

Roy Hill is a large open-pit iron ore mine in the Pilbara region of Western Australia.

On 12 January 2023, Roy Hill and its technology partner Epiroc announced that Roy Hill would convert its whole 
fleet of 96 haul trucks — 54 Caterpillar and 42 Hitachi machines — to driverless operation, with the conversion 
rolling out from March 2023. The announcement followed a two-year testing and validation phase in which 10 
trucks had already been converted and were running without drivers, interacting safely with two excavators and 
numerous other support vehicles. The release reported that those trucks were meeting the mine’s safety and 
productivity targets and were hauling at higher productivity rates than the conventional, crewed trucks, and that more 
than 200 support vehicles would interact with the autonomous trucks as the conversion proceeded.

The haul trucks are an example of robotics: programmable machines that automatically perform a specific physical 
task — moving ore out of the pit — under computer control rather than a driver in the cab. As a capital input, they 
act on efficiency, because a driverless truck can run continuously, without shift changes, breaks or fatigue, so more 
tonnes are hauled from the same fleet and the labour and time cost of each tonne falls. They act separately on 
effectiveness, because consistent computer-controlled operation and the removal of operators from the haul cycle 
serve the objectives the business itself set for the project — the safety and productivity targets against which it judged 
the two-year trial.

Source: Epiroc, “Epiroc to support Roy Hill as it enters final stage of project to create world’s largest autonomous 
mine”, 12 January 2023 — https://www.epirocgroup.com/en/media/corporate-press-releases/2023/20230112-epiroc-
to-support-roy-hill-as-it-enters-final-stage-of-project-to-create-world-s-largest-autonomous-mine. Accurate as at July 
2026.

Worked examples

Example 1 — scaffolded

Brightwave Bottling fills and caps 20,000 drink bottles a day using a manual line. Explain how installing an 
automated production line could improve the efficiency of its operations.

Working Comment

Efficiency = producing outputs using the fewest 
resources — the least labour, time, waste and cost.

Fix the meaning of the measure you are asked about 
first.

An automated line runs continuously at high speed 
without breaks or fatigue, filling and capping far more 
bottles per hour than manual workers.

Identify the feature of the strategy that affects the inputs-
to-output relationship.

More bottles from the same or fewer inputs lowers the 
labour and time cost of each bottle and reduces spillage 
and waste.

Link the feature to the efficiency measure — more 
output per input, lower unit cost.

∴ the automated line improves efficiency by raising 
output while cutting the cost, time and waste per bottle.

State the conclusion in the language of efficiency.

Example 2 — scaffolded

Brightwave Bottling is also concerned about product quality. Explain how the automated production line could 
improve the effectiveness of its operations.

Working Comment

Effectiveness = the degree to which the business 
achieves its objectives, such as producing quality 
outputs that satisfy customers.

Fix the second measure — deliberately different from 
efficiency.



   Classbasics Pty Ltd, vwx.au   ·   Business Management Units 3 & 4   ·   Page 5

Working Comment

An automated line performs each fill and cap to the 
same precise setting every time.

Identify the relevant feature — consistency and 
precision.

Consistent, standardised output means fewer under-
filled or faulty bottles, so the product reliably meets the 
quality customers expect.

Link the feature to achieving the objective — quality 
and customer satisfaction.

∴ the line improves effectiveness by producing 
consistent, quality bottles that meet customer 
expectations — a separate effect from the efficiency 
gain.

Conclude, signalling that effectiveness is not the same as 
efficiency.

Example 3 — unscaffolded

Distinguish between computer-aided design (CAD) and computer-aided manufacturing (CAM).

CAD and CAM are both computer-based technological strategies, but they are applied at different stages of 
operations. Computer-aided design (CAD) is software used to create, model and test a product’s design digitally 
before production — it operates in the design stage, letting the business visualise and refine a product on screen 
without building physical prototypes. Computer-aided manufacturing (CAM) is software and computer-controlled 
machinery used to direct and automate the physical making of the product — it operates in the manufacturing 
stage, often using the CAD file to control the machine tools. The key difference is therefore purpose and stage: CAD 
designs the product, whereas CAM produces it. ∴ CAD and CAM address different phases of operations, though they 
commonly integrate when a CAD design feeds a CAM system.

Example 4 — unscaffolded

Explain how the use of artificial intelligence (AI) could improve both the efficiency and the effectiveness of a 
manufacturer’s operations.

AI systems learn from data and make predictions, and this improves operations in two distinct ways. It improves 
efficiency because AI can optimise processes — for example, forecasting demand and scheduling machine 
maintenance before a breakdown — which reduces downtime, errors and wasted materials, so the same outputs are 
produced using fewer resources and at a lower cost. It improves effectiveness because AI can analyse large volumes 
of production and customer data to detect defects and predict what customers want, so the outputs produced more 
closely meet customer expectations and the business’s quality objectives. The efficiency gain concerns using 
resources better, while the effectiveness gain concerns achieving objectives — two separate effects. ∴ AI raises 
efficiency by cutting waste and cost, and raises effectiveness by improving how well outputs meet customer needs.

Practice questions

Scaffolded

Q1. Define the term efficiency and the term effectiveness in relation to operations.

Q2. List the six technological strategies to improve operations prescribed in the study design.

Q3. For each of the following, name the technological strategy being described: (a) software used to create and test a 
product’s design on a computer before it is made; (b) internet-based platforms such as websites and online booking 
systems used to transact with customers; (c) programmable machines that automatically perform physical tasks such 
as welding or packing.

Q4. Identify whether each of the following is a gain in efficiency or a gain in effectiveness: (a) the cost of producing 
each unit falls; (b) the finished product more consistently meets customer quality expectations; (c) less material is 
wasted during production; (d) the business is able to satisfy a wider range of customer needs.

Q5. A small ceramics maker is considering computer-aided design (CAD) software. (a) Identify the stage of 
operations at which CAD is used. (b) Explain one way CAD could improve the efficiency of its operations.
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Q6. Explain the difference between an automated production line and the use of artificial intelligence in operations.

Unscaffolded

Q7. Describe the use of robotics as a technological strategy in operations. (2 marks)

Q8. Distinguish between computer-aided design (CAD) and computer-aided manufacturing (CAM). (4 marks)

Q9. Explain how an automated production line could improve the efficiency of a manufacturing business’s 
operations. (3 marks)

Q10. Explain how the use of online services could improve the effectiveness of a business’s operations. (3 marks)

Q11. Loamy Lane Nursery is an online-only plant retailer that wants to handle a growing number of orders without 
hiring extra staff. Propose and justify one technological strategy it could adopt. (4 marks)

Q12. Discuss the use of an automated production line to improve operations. (6 marks)

Q13. Explain how computer-aided manufacturing (CAM) could improve both the efficiency and the effectiveness 
of operations. (4 marks)

Q14. Compare robotics and artificial intelligence as technological strategies to improve operations. (4 marks)

Q15. Case study. Coral & Copper is a Melbourne jeweller that hand-makes rings and necklaces. Its founder sketches 
every design on paper, casts each piece by hand, and sells only from a single shopfront. Orders are rising and 
customers increasingly ask to buy online and to request custom designs. (a) Identify one technological strategy Coral 
& Copper could use in the design stage of its operations, and describe how it would work. (3 marks) (b) Explain how 
adopting online services could improve both the efficiency and the effectiveness of the business’s operations. (4 
marks) (c) The founder says, “Introducing robotics would remove the handcrafted quality our customers value.” 
Analyse the relationship between introducing robotics and the effectiveness of Coral & Copper’s operations. (3 marks)

Q16. Analyse the relationship between a business’s investment in computer-aided design (CAD) and the efficiency 
and effectiveness of its operations. (6 marks)

Q17. Evaluate the use of robotics as a strategy to improve a manufacturer’s operations. (6 marks)

Q18. Pressed & Poured, a cold-press juice manufacturer, has installed an automated production line, but customers 
complain that the new juice “all tastes the same and lacks the character of the old small-batch product”. Explain why 
the automated line may be improving efficiency while reducing effectiveness, and recommend how the business could 
respond. (4 marks)

Q19. Extended response. Businesses invest in technology to improve their operations. Analyse how technological 
strategies can improve both the efficiency and the effectiveness of a business’s operations, referring to at least three 
of the prescribed technological strategies. (10 marks)

Q20. In January 2023, the iron ore miner Roy Hill announced it would convert its fleet of 96 haul trucks to driverless 
operation from March 2023, after a two-year validation phase in which 10 trucks had been run without drivers. 
Analyse the relationship between Roy Hill’s adoption of robotics and the efficiency and effectiveness of its 
operations. (6 marks)
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Answers

Q1. Efficiency = how well a business uses its resources (inputs) to produce outputs — the least cost, time and waste 
for a given output. Effectiveness = the degree to which the business achieves its objectives (e.g. quality outputs that 
meet customer needs). Q2. Automated production lines; robotics; computer-aided design (CAD); computer-aided 
manufacturing (CAM); artificial intelligence (AI); online services. Q3. (a) CAD; (b) online services; (c) robotics. Q4. 
(a) efficiency; (b) effectiveness; (c) efficiency; (d) effectiveness. Q5. (a) The design stage (before manufacture). (b) 
e.g. designs are created and altered on screen rather than as physical prototypes, saving design time, materials and 
cost. Q6. An automated line follows fixed, pre-programmed instructions to repeat a physical production task; AI 
learns from data and makes or adapts decisions. The difference is fixed repetition versus learning and decision-
making. Q7. Model response in solutions. Q8. CAD designs the product (design stage); CAM makes it (manufacturing 
stage). See solutions. Q9. Continuous high-speed operation → more output per input → lower unit cost, time and 
waste. See solutions. Q10. 24/7 access, wider reach and convenience → better meets customer needs. See solutions. 
Q11. e.g. expanded online services with an automated order-processing system, justified because it processes more 
orders without extra staff. See solutions. Q12. Advantages (speed, lower unit cost, consistency) vs disadvantages (high 
set-up cost, job losses, inflexibility). See solutions. Q13. Efficiency (automated, precise, low-labour production) + 
effectiveness (exact specifications, consistent quality) — treated separately. See solutions. Q14. Similarity (both 
automate and cut labour, lifting efficiency and quality); difference (robotics = fixed physical tasks; AI = learns and 
decides). See solutions. Q15. (a) CAD, described and linked to the case. (b) Online services — efficiency and 
effectiveness, linked. (c) Causal link: automation removes valued handcraft → lower effectiveness. See solutions. 
Q16. Causal chains from CAD investment to efficiency (faster, cheaper design) and to effectiveness (better designs 
meeting customer needs). See solutions. Q17. Strengths + weaknesses + a supported judgement. See solutions. Q18. 
Efficiency up (fast, cheap, consistent); effectiveness down (uniformity lost the valued character); recommend a 
response. See solutions. Q19. Model response in solutions. Q20. Causal chains from the driverless (robotic) haul fleet 
to efficiency (continuous operation without breaks or shift changes → more tonnes per input, lower cost per tonne) 
and to effectiveness (consistent computer-controlled operation → the safety and productivity objectives the business 
set). See solutions.

Fully-worked solutions

Q7. Robotics is the use of programmable machines (robots) that automatically carry out specific physical tasks in 
the production process — such as welding, assembling, painting or packing — and that can be reprogrammed to 
perform different tasks. They replace or assist manual labour and operate with speed and precision. (2 marks: 1 for 
identifying programmable machines performing physical production tasks; 1 for a further feature such as 
reprogrammable, precise or continuous operation.)

Q8. Computer-aided design (CAD) is software used to create, model and test a product’s design digitally before it 
is manufactured; it is applied in the design stage and lets the business visualise and refine a product on screen without 
building physical prototypes. Computer-aided manufacturing (CAM) is software and computer-controlled machinery 
used to direct and automate the physical production of the product; it is applied in the manufacturing stage and 
often uses the CAD file to control the machine tools. The two are distinguished by purpose and stage of operations: 
CAD designs the product, while CAM makes it. (4 marks: 2 for an accurate account of CAD, 2 for CAM; both must 
be addressed for full marks.)

Q9. An automated production line links machines and workstations that carry out the production process 
automatically. It improves efficiency because the machines operate continuously at high speed without breaks, 
fatigue or per-task wages, producing many more units per hour than manual labour. Because more output is 
produced from the same or fewer inputs, the labour, time and material cost of each unit falls and waste from human 
error is reduced. (3 marks: 1 feature of the strategy; 1 causal link to more output per input; 1 lower unit 
cost/time/waste.)

Q10. Online services are internet-based platforms — websites and online ordering or booking systems — used to 
transact with customers. They improve effectiveness (the degree to which objectives are met) because customers can 
access the business at any time and from any location, widening its reach and offering a convenient, often 
personalised service. As a result the business better satisfies customer needs and expectations, helping it achieve 
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objectives such as customer satisfaction and increased market reach. (3 marks: 1 what online services are; 2 for a 
developed causal link to meeting customer needs / achieving objectives.)

Q11. A suitable strategy is to adopt expanded online services — an e-commerce website with an automated order-
processing system (and cloud-based stock records). Under this strategy customers place and pay for orders through 
the website, which records the sale, updates stock and generates dispatch instructions automatically, without a staff 
member handling each order. This is justified because it lets Loamy Lane Nursery process a much higher volume 
of orders around the clock without hiring extra staff — the cost of each additional order is low and processing is 
fast (an efficiency gain), while customers gain convenient anytime access (an effectiveness gain), directly meeting the 
business’s stated need. (4 marks: 1 to name an appropriate strategy; 1 to show what it entails; 2 to justify WHY it suits 
the stated need — “propose” requires more than naming.)

Q12. An automated production line links machinery that performs the production process automatically. Advantages: 
it operates continuously at high speed, greatly increasing output and lowering the labour, time and cost per unit (an 
efficiency gain); and it produces highly consistent, standardised output, reducing defects so the product reliably 
meets quality expectations (an effectiveness gain). Disadvantages: the initial set-up and maintenance cost is very 
high and may not suit a small business; automation can cause job losses and lower staff morale; and a fixed line is 
inflexible, so it is poorly suited to customised or frequently changing products, and a breakdown can halt all 
production. (6 marks: roughly 3 for developed advantages and 3 for developed disadvantages; do not “double-dip” by 
reversing one point into its opposite; an overall judgement is not required for discuss.)

Q13. Computer-aided manufacturing (CAM) uses software and computer-controlled machinery to automate the 
physical production of a product, often from a CAD file. It improves efficiency because production runs precisely 
and continuously with minimal labour, cutting production time, material waste and the cost of each unit. It 
improves effectiveness because the product is manufactured to exact digital specifications with high consistency, so 
outputs accurately match the intended design and quality standard, better satisfying customers. (4 marks: 2 for a 
developed efficiency effect, 2 for a developed effectiveness effect; the two must be treated separately.)

Q14. A similarity is that robotics and artificial intelligence are both technological strategies that automate tasks and 
reduce reliance on manual labour, and both can improve the efficiency and quality of operations. A difference is in 
what they do and how: robotics are programmable machines that follow fixed instructions to perform physical 
tasks (e.g. welding, packing) and repeat them, whereas AI is a system that learns from data and makes or adapts 
decisions (e.g. forecasting demand, detecting defects) rather than simply repeating a set action. (4 marks: must give 
BOTH at least one similarity AND at least one difference, clearly signposted; a one-sided answer caps at 2.)

Q15. (a) Coral & Copper could use computer-aided design (CAD) in the design stage. Instead of sketching rings and 
necklaces on paper, the jeweller would create and modify three-dimensional models of each piece on a computer, 
viewing it from every angle, testing dimensions and adjusting a design instantly before any metal is cast — and letting 
a customer see and approve a custom design on screen first. (3 marks: 1 name CAD; 1 describe how it works; 1 link to 
Coral & Copper’s design stage.)

(b) Adopting online services — an e-commerce store and an online custom-order system — would improve 
efficiency because orders would be taken and processed automatically at any hour without extra 
shopfront staff, lowering the cost and time of each sale. It would improve effectiveness because customers 
beyond the single shopfront could browse, buy and request custom designs at any time, widening reach 
and meeting the rising demand for online purchasing — better satisfying customer needs. (4 marks: 2 
efficiency with a case link, 2 effectiveness with a case link; the response must apply to Coral & Copper.)

(c) Effectiveness is the degree to which the business achieves its objectives, and a key objective for Coral & 
Copper is meeting customers’ demand for handcrafted jewellery. Introducing robotics would standardise 
production and remove the handmade variation customers value; because those customers choose the 
brand for its handcrafted character, automating production could reduce the perceived quality and appeal of 
the outputs, meaning the products less closely meet customer expectations — a fall in effectiveness. There 
is therefore a causal relationship in which greater automation, though efficient, works against effectiveness 
for this particular business. (3 marks: analyse = show the causal relationship, not a list of pros and cons; must 
link to the case study. Robotics could still raise efficiency — the point is the effect on effectiveness.)

Q16. Investing in CAD sets up a causal chain affecting both measures. Because designs are created and altered 
digitally rather than as physical prototypes, the business saves design time, materials and cost and can move a 
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product from concept to production faster — so investment in CAD causes higher efficiency (more design output for 
fewer resources). At the same time, CAD lets the business simulate, test and refine sophisticated designs before 
production, which causes higher effectiveness: the resulting products function better and more closely match 
customer needs, and the business can respond quickly to changing preferences, helping it achieve its objectives. The 
relationship is therefore that greater investment in CAD drives improvements in both efficiency and effectiveness, 
through different mechanisms — resource saving in the design process versus better goal-achievement in the product. 
(6 marks: analyse = demonstrate causal relationships and effects, NOT a strengths-and-weaknesses list; must connect 
CAD to efficiency AND to effectiveness as separate causal links, roughly 3 each.)

Q17. Robotics — programmable machines performing physical tasks — has clear strengths and weaknesses. 
Strengths: robots work quickly, precisely and continuously, raising output and lowering the labour and time cost 
per unit (efficiency), and their repeatable precision produces accurate, uniform, high-quality outputs and can 
perform dangerous tasks safely (effectiveness). Weaknesses: the purchase, installation and maintenance costs are 
high and may take years to recoup; robotics can cause redundancies and staff resistance; and robots are relatively 
inflexible, suited to repetitive standardised work rather than customised or craft-based products. Judgement: on 
balance, robotics is a highly appropriate strategy for a business producing large volumes of standardised goods, 
where the efficiency and quality gains outweigh the high set-up cost; however, it is less appropriate for a small-scale 
or customised producer, where the cost and loss of flexibility would outweigh the benefits. Its value therefore 
depends on the scale and nature of the business’s operations. (6 marks: weigh strengths AND weaknesses, then reach a 
supported evaluative judgement that adds value — not a generic “the advantages outweigh the disadvantages”.)

Q18. The automated line is improving efficiency because it fills and bottles the juice quickly, continuously and at a 
low, consistent cost per unit, using far less labour than small-batch production. However, it may be reducing 
effectiveness, because effectiveness is about meeting customer needs and the line’s uniform, standardised output 
has removed the distinctive “character” customers valued in the small-batch product — so the juice less closely 
satisfies customer expectations, as the complaints show. To respond, the business could keep automation for its 
efficiency but restore the variety and quality customers value — for example, running limited small-batch or 
seasonal products alongside the automated line, or adjusting the process to preserve the desired flavour — 
recovering effectiveness without losing the efficiency gain. (4 marks: 1 explain the efficiency gain; 1–2 explain the 
effectiveness loss with the case link; 1 a sensible recommendation.)

Q19. Model response (10 marks). Technology is a capital input that businesses invest in to transform their 
operations, and the result is measured against two separate criteria: efficiency — how well resources are used, 
meaning the least cost, time and waste for a given output — and effectiveness — the degree to which objectives, such 
as producing quality outputs that satisfy customers, are achieved. Analysing three prescribed strategies shows how 
investment in technology causes improvements in both.

An automated production line links machinery that performs the production process automatically. Because it runs 
continuously at high speed without fatigue or per-task wages, it produces far more units from the same inputs, 
which causes higher efficiency through a lower labour, time and material cost per unit. Because every unit is made to 
the same precise specification, defects fall and quality is consistent, which causes higher effectiveness by producing 
outputs that reliably meet customer expectations.

Computer-aided design (CAD) changes the design stage. By allowing designs to be created, tested and altered 
digitally rather than as physical prototypes, it causes higher efficiency — saving design time, materials and cost 
and speeding development — while its ability to simulate and refine sophisticated designs before production causes 
higher effectiveness, producing better-functioning products that match customer needs.

Artificial intelligence (AI) learns from data and makes decisions. It causes higher efficiency by optimising 
scheduling, forecasting and predictive maintenance, cutting downtime and wasted inputs; and it causes higher 
effectiveness by analysing data to detect defects and predict customer preferences, so outputs better satisfy customers.

Across all three, the causal pattern is the same: investment in technology drives efficiency by reducing the resources 
consumed per unit of output, and drives effectiveness by improving how well the output meets objectives — two 
distinct effects. The strength of each effect depends on the business: automated lines and robotics deliver the largest 
efficiency gains for high-volume, standardised production, while CAD and AI can lift effectiveness even where 
customisation matters. (Full marks require: accurate, separated treatment of efficiency AND effectiveness; genuine 
analysis — causal relationships and effects, not a list of advantages and disadvantages; at least three strategies 
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correctly explained; and a coherent, sustained structure. As the command is analyse, an evaluative judgement is not 
required, but the causal links must be explicit and the two measures must not be merged.)

Q20. Robotics is the use of programmable machines that automatically perform specific physical tasks, and a 
driverless haul truck is such a machine: it moves ore out of the pit under computer control instead of being driven by 
an operator. Adopting it across the announced 96-truck fleet sets up a causal chain affecting both measures.

It causes higher efficiency because a driverless truck can be worked continuously, without breaks, fatigue or the 
stoppages of a shift change, so the same fleet hauls more tonnes over a given period. Because more output is obtained 
from the same capital and less labour, the labour and time cost of each tonne hauled falls — which is what the two-
year validation phase was testing when it compared the converted trucks against the crewed fleet on productivity.

It causes higher effectiveness for a separate reason. Effectiveness is the degree to which the business achieves its 
objectives, and Roy Hill judged the project against safety and productivity objectives it had set. Because computer 
control makes each haul cycle consistent and repeatable, and because operators are removed from the haul cycle 
altogether, the operation moves closer to those stated objectives — an improvement in goal-achievement, not merely 
in resource use.

The relationship is therefore that a single investment in robotics drives both measures through different 
mechanisms: fewer resources consumed per tonne of output (efficiency), and closer attainment of the safety and 
productivity goals the business set for itself (effectiveness). (6 marks: analyse = demonstrate the causal relationships, 
NOT a list of advantages and disadvantages; roughly 3 for a developed efficiency chain and 3 for a developed 
effectiveness chain, each linked to Roy Hill; the two measures must be kept separate. Credit is not given for describing 
the technology as a process — it is a capital input.)
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Chapter 8 Strategies to improve operations — 8B Materials strategies to improve 
operations

Theory

Every operations system must acquire and manage the materials — the raw materials, components and parts — that 
are the inputs transformed into finished goods. Getting the right materials, in the right quantity, at the right time is a 
constant challenge: order too much and the business wastes money storing stock it does not need; order too little and 
production stops and customers go unserved. Materials strategies are the planned methods a business uses to manage 
this flow of inputs. The study design prescribes four — forecasting, the master production schedule (MPS), 
materials requirement planning (MRP) and Just in Time (JIT). Each can improve both dimensions of operations 
performance: efficiency (how well resources are used — the input-to-output ratio, so less waste, storage and cost) and 
effectiveness (how well the business’s objectives are met, so production runs to plan and customers receive what they 
ordered on time).

Forecasting. Forecasting is the process of predicting future demand for a business’s products, using information 
such as past sales figures, seasonal patterns, market trends, confirmed orders and economic conditions. It is the 
starting point of materials management: an estimate of how much the business expects to sell tells it how much to 
produce, and therefore how many materials to acquire.

 Efficiency: an accurate forecast lets the business buy the right quantity of materials — avoiding over-
ordering (which ties up cash and storage space in excess stock and risks spoilage or obsolescence) and 
under-ordering (which causes stockouts and idle production). Materials, capital and storage are used with 
less waste.

 Effectiveness: by anticipating demand, the business produces enough output to fill customer orders on time, 
so it meets customer needs and supports objectives such as sales and market share, rather than losing sales to 
stockouts.

Master production schedule (MPS). The master production schedule is a detailed plan of what the business will 
produce, how much of each product, and when, over a set period. It translates the demand forecast (together with 
confirmed orders) into a concrete production timetable that coordinates labour, equipment and materials.

 Efficiency: scheduling what/how much/when smooths the use of labour and machinery — avoiding 
bottlenecks, idle capacity and last-minute rush production — so resources are used with less waste.

 Effectiveness: producing the right products in the right quantities at the right time means customer orders 
are completed on schedule, supporting objectives such as customer satisfaction and reliable delivery.

Materials requirement planning (MRP). Materials requirement planning is a system that works backwards from 
the MPS to calculate the exact materials and components needed to meet the production schedule, and to order 
them in the right quantities at the right time. It breaks each finished product down into its component parts and 
schedules their purchase and delivery so that they arrive precisely when production needs them — no earlier (which 
would create excess stock) and no later (which would halt production).

 Efficiency: ordering precisely what the schedule requires — no more, no less — minimises excess inventory 
(and its storage cost, tied-up capital and waste) while avoiding shortages that stop the line. Resources are used 
efficiently.

 Effectiveness: because the correct materials are available exactly when the schedule needs them, production 
runs to plan and outputs are completed and delivered on time to meet customer demand.

Just in Time (JIT). Just in Time is an inventory strategy in which materials and components arrive from suppliers 
exactly when they are needed in the production process, so the business holds minimal — ideally zero — inventory 
of raw materials and stock. It replaces the traditional “just in case” approach (holding large buffer stocks) with 
frequent, small, precisely-timed deliveries.

 Efficiency: holding little or no stock sharply cuts storage and warehousing costs, frees the capital that would 
otherwise be tied up in inventory, and reduces waste from spoilage, damage or obsolescence — a direct 
improvement in how resources are used.
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 Effectiveness: the space and capital freed from holding stock can be redirected to productive uses, and 
because materials arrive fresh in small batches there is less obsolete or damaged stock, helping output 
quality meet customer expectations; the tight coordination JIT demands keeps production flowing to meet 
orders. JIT depends on reliable suppliers, however — with almost no buffer stock, a single late or faulty 
delivery can stop production.

How the strategies connect. The four are not separate boxes but a linked chain: a demand forecast predicts how 
much will be sold → the MPS turns that forecast (plus confirmed orders) into a schedule of what, how much and when 
to produce → MRP works back from the MPS to order the materials needed in the right quantities and timing. JIT is 
the delivery philosophy that can sit alongside this planning, timing supplier deliveries to the moment of use — which 
is why it depends on reliable, well-coordinated suppliers.

Each quantity on the chain is derived from the one before it. In the worked example above, a forecast of 1,200 units 
for the month becomes an MPS of 300 units a week; MRP then explodes each unit into its components — 4 brackets 
apiece — and orders 1,200 brackets a week. Notice the direction of the last step: MRP works backwards from the 
schedule, so the production plan decides the materials order and never the reverse. JIT is not a fourth link in that 
chain — it governs when the ordered materials arrive.

Keep straight.

 Forecasting vs MPS vs MRP. Forecasting predicts how much demand there will be; the MPS is the 
production plan (what products to make, how many, when); MRP is the materials plan (which components 
to order, how many, when), worked out by going backwards from the MPS. The order runs demand forecast 
→ production schedule (MPS) → materials orders (MRP).

 JIT vs holding stock. JIT keeps inventory minimal — materials arrive as needed (“just in time”); the 
traditional alternative holds buffer stock “just in case”. JIT saves storage cost and capital but is more 
vulnerable to supply disruption.

 JIT vs MRP (examiner trap — keep them distinct). Both concern getting materials to production, but MRP 
is a planning and calculation system that works out and schedules the quantity and timing of every material 
from the MPS; JIT is an inventory philosophy about holding minimal stock by having materials delivered 
exactly when needed. MRP plans the materials; JIT minimises the stock of them — do not treat them as 
the same thing.

 JIT here is a materials strategy — distinct from the lean-management principles (pull, one-piece flow, takt, 
zero defects) studied separately; in this subtopic JIT is about managing the inventory of inputs.

 Efficiency vs effectiveness are different measures. Efficiency is about how well resources are used (less 
waste, storage and cost); effectiveness is about how well objectives are met (orders filled, customers satisfied). 
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A materials strategy can improve both, but in an answer you must say which effect is which — examiners 
penalise blurring the two.

Contemporary example — George Weston Foods, April 2026

George Weston Foods is an Australian food manufacturer whose operations include flour milling and commercial 
baking, with sites across regional Victoria.

On 21 April 2026 the Victorian Government announced that the business would invest $92 million in its Victorian 
operations. The largest element expanded the scope of its Mauri flour mill at Ballarat to take in a warehouse and a 
production facility, with 47 new jobs at the site; the same announcement covered upgrades elsewhere in the 
company’s Victorian network, including its Tip Top bakery operations.

Flour is a material — an input transformed into finished bread. Investing in a mill and in bakery operations as parts of 
one network is a materials decision, not simply extra factory capacity: it shortens the chain between the source of a 
key input and the point where production consumes it. That matters because Just in Time holds minimal stock and 
therefore depends on reliable suppliers — with almost no buffer, one late delivery halts the line. The warehouse in 
the announcement is the counterweight, since storage space allows some buffer stock to be held against exactly that 
risk. Planning milling and baking capacity together also makes it easier for a master production schedule for bread 
to drive materials requirement planning for the flour it needs.

Source: Premier of Victoria, “Victorian Manufacturing Gets A Boost Of Flour Power”, 21 April 2026 — 
https://www.premier.vic.gov.au/victorian-manufacturing-gets-boost-flour-powerpdf. Accurate as at July 2026.

Worked examples

Example 1 — scaffolded

Lumina Lighting manufactures LED desk lamps. Each month it studies three years of past sales, upcoming retail 
orders and seasonal trends to predict how many lamps it expects to sell, then uses that figure to decide how many 
components to buy. Identify the materials strategy described and explain how it improves the efficiency and the 
effectiveness of operations.

Working Comment

Predicting future demand from past sales, orders and 
trends = forecasting.

Match the described practice to the strategy — 
predicting demand is forecasting.

Efficiency: knowing expected demand lets Lumina buy 
the right quantity of components — not so many that 
cash and storage are wasted on excess stock, nor so few 
that production stalls — so resources are used with less 
waste.

State the efficiency effect explicitly 
(resource/cost/waste).

Effectiveness: producing enough lamps to fill 
customer orders on time means customer needs are 
met and sales and market-share objectives are supported, 
avoiding lost sales from stockouts.

State the effectiveness effect explicitly 
(objectives/customer needs).

∴ forecasting improves efficiency by matching material 
purchases to expected demand and effectiveness by 
ensuring enough output to satisfy customers.

Draw the two-part conclusion.

Example 2 — scaffolded

Distinguish between materials requirement planning (MRP) and Just in Time (JIT).

Working Comment

Materials requirement planning = a planning system 
that works back from the master production schedule to 
calculate the exact materials needed and schedule them 

Give the first term’s meaning fully.
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Working Comment

in the right quantities at the right time.

Just in Time = an inventory strategy in which 
materials arrive from suppliers exactly when needed, so 
the business holds minimal stock.

Give the second term’s meaning fully.

The key difference is planning vs inventory: MRP 
works out and schedules which materials to order and 
when (a calculation from the production schedule), 
whereas JIT minimises the stock held by timing 
deliveries to the moment of use and depends on reliable 
suppliers.

Name the point of difference — a “distinguish” needs 
both terms and the contrast.

Example 3 — unscaffolded

Explain how Just in Time can improve both the efficiency and the effectiveness of a business’s operations.

Just in Time is an inventory strategy in which materials arrive from suppliers exactly when they are needed, so the 
business holds minimal stock. It improves efficiency because holding little or no inventory sharply reduces storage 
and warehousing costs, frees the capital that would otherwise be tied up in stock, and cuts waste from spoilage, 
damage and obsolescence — so the same output is produced using fewer resources. It improves effectiveness because 
the capital and space freed from holding stock can be redirected to productive uses, and because materials arrive 
fresh in small batches there is less obsolete or damaged stock, helping the finished goods meet customer 
expectations; the tight supplier coordination JIT requires also keeps production flowing to fill orders. ∴ JIT lifts 
efficiency by cutting the cost of holding inventory and effectiveness by freeing resources and keeping fresh materials 
flowing to meet customer demand — provided suppliers are reliable.

Example 4 — unscaffolded

A manager states, “Just in Time is the best materials strategy because holding no stock removes all our costs.” 
Evaluate this statement.

The statement is partly valid but overstated. It is true that JIT can substantially cut costs: holding minimal inventory 
reduces storage costs, frees up capital, and lowers waste from spoilage and obsolescence, which improves efficiency. 
However, the claim that it “removes all our costs” is unrealistic — the business still pays for the materials themselves 
and, because JIT relies on frequent small deliveries, it can face higher ordering and transport costs and must 
invest in close supplier coordination. More importantly, JIT carries real risk: with almost no buffer stock, a single 
late or faulty delivery can halt production entirely, so it is only appropriate when suppliers are highly reliable. A 
business in an unpredictable supply environment may be safer holding some buffer stock. ∴ while JIT is a powerful 
way to reduce inventory costs, it does not remove all costs and is not automatically “best”; its value depends on the 
reliability of suppliers and the stability of demand.

Practice questions

Scaffolded

Q1. Define the term forecasting in the context of materials management.

Q2. Name the four materials strategies prescribed in the study design.

Q3. For each of the following, name the materials strategy being described: (a) materials arrive from suppliers exactly 
when they are needed, so minimal stock is held; (b) a plan of what products to make, how many of each, and when; (c) 
working back from the production schedule to order the right components in the right quantities at the right time.

Q4. Explain how forecasting is connected to the master production schedule.

Q5. A furniture maker arranges for timber to be delivered each morning for that day’s production only, holding almost 
no stock. (a) Identify the materials strategy being used. (b) Explain one way this strategy improves the efficiency of 
operations.
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Q6. Explain why Just in Time depends on having reliable suppliers.

Unscaffolded

Q7. Describe the master production schedule (MPS). (2 marks)

Q8. Distinguish between forecasting and materials requirement planning (MRP). (4 marks)

Q9. Explain how materials requirement planning (MRP) can improve the efficiency of a business’s operations. (3 
marks)

Q10. Outline one advantage and one disadvantage of using Just in Time. (4 marks)

Q11. Compare materials requirement planning (MRP) and Just in Time (JIT). (4 marks)

Q12. Analyse how accurate forecasting can affect a manufacturer’s ability to achieve its business objectives. (6 
marks)

Q13. Case study. Copperline Cycles assembles bicycles. Its owner orders frames, gears and tyres in large quantities 
several months ahead, based on rough guesses of how many bikes will sell, and stores them in a rented warehouse. 
Lately about $60,000 of capital has been tied up in unused components, a batch of gear sets has become outdated and 
unsellable, yet the business still ran out of one popular tyre size and had to stop an assembly line for a week. (a) 
Identify the materials strategy Copperline is using poorly when it orders on “rough guesses”. (1 mark) (b) Analyse one 
problem this is creating for Copperline. (3 marks) (c) Propose a more appropriate materials strategy for Copperline 
and justify your recommendation. (4 marks)

Q14. Explain how the master production schedule improves both the efficiency and the effectiveness of operations. (4 
marks)

Q15. Discuss the use of Just in Time as a strategy to improve operations. (6 marks)

Q16. A business wants to reduce the amount of capital tied up in stored materials. Justify which materials strategy 
would best achieve this. (3 marks)

Q17. Explain how a materials strategy can improve both the efficiency and the effectiveness of operations, using an 
example of your own. (4 marks)

Q18. A manager claims that Just in Time is “too risky” because a single late delivery can stop production. Evaluate 
this claim. (4 marks)

Q19. Extended response. Harvest & Hearth is a manufacturer of packaged soups that has been struggling with its 
inputs: it repeatedly over-orders some ingredients, which spoil before use, while running short of others and halting 
production. Its ordering is based on the owner’s instinct rather than any system. Analyse how forecasting, the master 
production schedule, materials requirement planning and Just in Time could each be used to improve the efficiency 
and effectiveness of Harvest & Hearth’s operations, and recommend which approach the business should prioritise. 
(10 marks)

Q20. In April 2026 George Weston Foods announced a $92 million investment in its Victorian operations, expanding 
its Mauri flour mill at Ballarat to include a warehouse and a production facility, alongside upgrades to its Tip Top 
bakery operations. Analyse how securing greater control over the supply of a key material could affect a 
manufacturer’s ability to use Just in Time. (5 marks)
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Answers

Q1. Forecasting is predicting future demand for a business’s products, using data such as past sales, seasonal patterns, 
orders and market trends, to decide how much to produce and how many materials to acquire. Q2. Forecasting; master 
production schedule (MPS); materials requirement planning (MRP); Just in Time (JIT). Q3. (a) Just in Time; (b) 
master production schedule; (c) materials requirement planning. Q4. The forecast predicts how much the business 
expects to sell; the MPS uses that forecast (plus confirmed orders) to plan what to produce, how much and when — so 
the forecast feeds the schedule. Q5. (a) Just in Time. (b) It holds almost no stock, so storage costs are low and little 
capital is tied up in timber, reducing wasted resources. Q6. With minimal buffer stock, any late or faulty delivery can 
halt production, so JIT only works if suppliers deliver the right materials on time, every time. Q7. Model response in 
solutions. Q8. Forecasting = predicting future demand; MRP = working back from the MPS to schedule and order the 
exact materials needed. See solutions. Q9. Ordering precisely the materials the schedule needs minimises excess stock 
and shortages, reducing wasted resources. See solutions. Q10. Advantage: low storage costs / freed capital. 
Disadvantage: vulnerable to supply disruption. See solutions. Q11. Both manage the flow of materials to production; 
MRP plans/schedules the materials, JIT minimises the stock held by timing deliveries to use. See solutions. Q12. 
Analyse the causal links: accurate forecast → right quantity ordered + enough output → efficiency (less waste) and 
effectiveness (orders met) → objectives (profit, market share). See solutions. Q13. (a) Forecasting. (b) One problem 
only — e.g. capital tied up in excess and obsolete stock: guess-based over-ordering locks up $60,000 and leaves gear 
sets unsellable, wasting resources and cutting profit. (Analysing the stockout instead is equally acceptable.) (c) One 
strategy, justified — e.g. accurate forecasting, because Copperline’s failure is the mismatch between what it orders 
and what it sells. See solutions. Q14. Schedules what/how much/when → smooths resource use (efficiency) and 
delivers orders on time (effectiveness). See solutions. Q15. Discuss advantages (low inventory cost, freed capital, less 
waste) and disadvantages (supply risk, reliance on reliable suppliers, ordering/transport costs). See solutions. Q16. 
Just in Time — holding minimal stock frees the capital tied up in inventory. See solutions. Q17. Any valid example 
stating both an efficiency effect and an effectiveness effect. See solutions. Q18. Evaluate — supply risk is real with no 
buffer stock, but reliable suppliers and lower costs can outweigh it; judgement is situational. See solutions. Q19. 
Model response in solutions. Q20. Analyse the chain: a more predictable supply of a key material → less risk in JIT’s 
dependence on reliable suppliers → less buffer stock needed → lower storage cost and freed capital (efficiency) and 
uninterrupted production filling orders on time (effectiveness). See solutions.

Fully-worked solutions

Q7. The master production schedule is a detailed plan of what a business will produce, how much of each 
product, and when, over a set period. It translates the demand forecast and confirmed orders into a production 
timetable that coordinates the use of labour, equipment and materials so the right output is made at the right time.

Q8. Forecasting is the process of predicting future demand for a business’s products, using data such as past sales, 
seasonal patterns and market trends, so the business can decide how much to produce and how many materials to buy. 
Materials requirement planning is a system that works backwards from the master production schedule to 
calculate the exact materials and components needed and to schedule their order in the right quantities at the 
right time. The two therefore differ in purpose (predicting how much demand there will be vs working out which 
materials to order) and in position in the process (forecasting comes first and feeds the schedule; MRP comes later 
and is derived from that schedule).

Q9. Materials requirement planning improves efficiency because it calculates the precise quantity of each material 
the production schedule requires and orders it to arrive exactly when needed. Because the business orders no more 
than necessary, it avoids holding excess stock (with its storage cost, tied-up capital and risk of obsolescence); 
because it orders no less than necessary, it avoids shortages that would idle the production line. The same output 
is therefore achieved with fewer wasted resources, which is an improvement in efficiency.

Q10. Advantage: Just in Time means the business holds minimal inventory, so it saves on storage and warehousing 
costs and frees up capital that would otherwise be tied up in stock, while reducing waste from spoilage and 
obsolescence. Disadvantage: because there is almost no buffer stock, JIT is highly vulnerable to supply disruption 
— a single late, short or faulty delivery can halt production entirely, so the business becomes dependent on the 
reliability of its suppliers.
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Q11. Similarities: both MRP and JIT are materials strategies that aim to supply production with the materials it 
needs while avoiding excess stock, and both require accurate information and good coordination with suppliers 
to work. Differences: materials requirement planning is a planning and calculation system — it works back from 
the master production schedule to determine which materials to order, how many and when; Just in Time is an 
inventory philosophy — it focuses on holding minimal stock by timing deliveries to the moment materials are used. 
In short, MRP plans and schedules the materials, whereas JIT minimises the stock of them; a business can even use 
MRP to plan and JIT to deliver.

Q12. Accurate forecasting affects a manufacturer’s ability to achieve its objectives through a chain of effects. 
Because a good forecast predicts demand closely, the manufacturer orders the right quantity of materials and plans 
the right volume of output. This improves efficiency: it avoids over-ordering (which wastes cash and storage on 
excess or obsolete stock) and under-ordering (which idles production), so resources are used with less waste — 
supporting the objectives of improving efficiency and making a profit through lower costs. It also improves 
effectiveness: producing enough to meet customer demand on time means orders are filled and customers satisfied, 
supporting objectives such as increasing market share and fulfilling a market need. An inaccurate forecast reverses 
the chain — either wasted stock or lost sales — so the relationship runs accurate forecast → right materials and 
output → higher efficiency and effectiveness → better achievement of objectives.

Q13. (a) Forecasting (predicting demand — done poorly here through “rough guesses”). (b) The problem analysed 
here is the capital tied up in excess and obsolete stock. Because Copperline orders months ahead on rough guesses 
rather than on an estimate of demand, it buys far more components than it can assemble, so about $60,000 of its 
capital sits idle in frames, gears and tyres instead of being available to pay wages, buy the parts the assembly line 
actually needs or fund growth — and it pays warehouse rent to store parts it cannot use. The longer that stock sits, 
the more it dates: a batch of gear sets has already become obsolete and unsellable, so the money spent on it is 
written off entirely. The causal chain therefore runs inaccurate forecast → over-ordering → idle and obsolete 
stock → wasted capital and storage cost → lower efficiency and reduced profit. (Analysing the stockout instead — 
rough guesses → too few of a popular tyre → assembly line stopped for a week → idle labour and equipment, unfilled 
orders and lost sales → reduced effectiveness — is equally acceptable; the question requires one problem, so only the 
first problem analysed is assessed.) (c) Copperline should adopt accurate forecasting: predicting demand for each 
model from its past sales records, seasonal patterns and confirmed retailer orders, and ordering components to 
that forecast rather than to guesswork. This is the more appropriate strategy because the firm’s failure is precisely a 
mismatch between what it orders and what it will actually sell. A forecast built on real sales data would tell 
Copperline how many bikes of each model it expects to sell, so it would stop buying frames and gear sets it cannot 
use — freeing the $60,000 of tied-up capital, cutting warehouse costs and preventing further stock becoming 
obsolete (efficiency) — while ordering enough of the popular tyre size to keep the assembly line running and 
customer orders filled (effectiveness). (A justified proposal of MRP or JIT is equally acceptable, provided the 
justification is tied to Copperline’s over- and under-ordering.)

Q14. The master production schedule improves operations on both dimensions. It improves efficiency because, by 
planning what to produce, how much and when, it smooths the use of labour, equipment and materials — 
avoiding bottlenecks, idle capacity and costly rush production — so resources are used with less waste. It improves 
effectiveness because producing the right products in the right quantities at the right time means customer 
orders are completed on schedule, meeting customer needs and supporting objectives such as reliable delivery and 
customer satisfaction. The single schedule therefore improves both how well resources are used and how well the 
business meets its objectives.

Q15. Just in Time can be an effective materials strategy, but it has both advantages and disadvantages. Advantages: 
holding minimal inventory cuts storage and warehousing costs, frees up capital tied in stock and reduces waste 
from spoilage and obsolescence (efficiency); the freed space and capital can be redirected to productive uses, and 
fresh, small deliveries help keep output aligned with customer needs (effectiveness). Disadvantages: with almost no 
buffer stock, JIT is vulnerable to supply disruption — a late or faulty delivery can stop production — so it depends 
on highly reliable suppliers; frequent small orders can also raise ordering and transport costs and require close 
supplier coordination. Overall, JIT is well suited to a business with stable demand and dependable suppliers seeking to 
cut inventory costs, but riskier where supply is unpredictable.

Q16. Just in Time would best reduce the capital tied up in stored materials. This is because JIT is designed so that 
materials arrive exactly when they are needed, allowing the business to hold minimal — ideally zero — inventory. 
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With little stock sitting in storage, the capital that would otherwise be locked up in raw materials is freed and can 
be used elsewhere in the business, and storage costs fall as well. Because the goal here is specifically to reduce 
capital tied up in stock, JIT — the strategy built around minimising inventory — is the appropriate choice.

Q17. (Example answers vary.) A bakery adopts Just in Time by arranging for flour and other ingredients to be 
delivered fresh each morning for that day’s baking, holding almost no stock. Efficiency: the bakery spends little on 
storage and ties up little capital in ingredients, and less flour spoils, so resources are used with less waste. 
Effectiveness: fresh daily ingredients help the bread meet the quality customers expect, and the capital saved can be 
used to serve customers better — so the strategy improves both how well resources are used and how well the bakery 
meets customer needs.

Q18. The claim has some merit but is not wholly valid. It is true that JIT is risky: because the business holds almost 
no buffer stock, a single late, short or faulty delivery can halt production, delay customer orders and damage 
reputation, so the strategy leaves little room for error. However, calling it simply “too risky” overlooks both its 
benefits and the conditions that manage the risk. JIT delivers real gains — lower storage costs, freed capital and less 
waste — and the supply risk can be greatly reduced by using reliable suppliers, close coordination and well-
chosen delivery arrangements. For a business with stable demand and dependable suppliers, the cost savings 
usually outweigh the risk; for one with unpredictable supply, holding some buffer stock may indeed be safer. ∴ JIT 
is not inherently “too risky”; whether the risk is acceptable depends on the reliability of the business’s suppliers and 
the stability of its demand, so the judgement is situational rather than absolute.

Q19. Model response (10 marks). Harvest & Hearth’s problems — over-ordering ingredients that spoil, while running 
short of others and stopping production — stem from ordering on instinct rather than any system. This harms both 
efficiency (wasted, spoiled stock and idle production) and effectiveness (orders not filled). Each of the four materials 
strategies could help. Forecasting would replace guesswork by predicting demand from past sales, seasonal patterns 
and orders; this improves efficiency by matching ingredient purchases to expected need (so less spoils and less capital 
is tied up) and effectiveness by ensuring enough soup is produced to meet demand. The master production schedule 
would then turn that forecast into a plan of what soups to make, how much and when, improving efficiency by 
smoothing the use of labour and equipment and effectiveness by scheduling output to meet customer orders on time. 
Materials requirement planning would work back from that schedule to order the exact ingredients and 
packaging in the right quantities at the right time, improving efficiency by eliminating both excess and shortage and 
effectiveness by ensuring materials are on hand exactly when production needs them. Just in Time would go further, 
arranging for perishable ingredients to be delivered just as they are needed, which improves efficiency by 
minimising storage and spoilage of a product that goes off quickly, and effectiveness by keeping ingredients fresh so 
the soup meets customer expectations — though it would depend on reliable suppliers. On balance, Harvest & Hearth 
should prioritise accurate forecasting feeding a master production schedule and MRP, because its core failure is 
the absence of any system linking demand to what it orders; getting that planning chain in place would stop both 
the spoilage and the stockouts. It could then layer JIT onto the plan for its most perishable ingredients to cut waste 
further, provided its suppliers are dependable. (Full marks require: accurate treatment of all four strategies; explicit 
links to both efficiency and effectiveness; application to Harvest & Hearth; and a justified recommendation.)

Q20. Materials are the inputs a manufacturer transforms into finished goods, and flour is exactly that for a baker. On 
21 April 2026 George Weston Foods announced a $92 million investment in its Victorian operations, expanding its 
Mauri flour mill at Ballarat to include a warehouse and a production facility, with upgrades elsewhere in its 
Victorian network including its Tip Top bakery operations. Just in Time is an inventory strategy in which materials 
arrive exactly when they are needed, so the business holds minimal stock; its central weakness is that it depends 
on reliable suppliers, because with almost no buffer stock a single late or faulty delivery can halt production. 
Investing in milling capacity within the same network as the bakery operations that use flour addresses that weakness 
directly: the more predictable the timing and quantity of a key material, the less risk there is in running with little 
stock. This supports efficiency, because a business that can rely on its supply can hold less inventory, cutting storage 
costs, freeing the capital otherwise tied up in materials and reducing waste from stock going stale. It also supports 
effectiveness, because production is less likely to stop, so customer orders are filled on time and objectives such as 
customer satisfaction are met. The warehouse in the announcement shows the trade-off is not absolute — retaining 
storage allows some buffer stock against disruption. ∴ greater control over the supply of a key material makes JIT 
less risky to run, lifting efficiency through lower inventory costs and effectiveness through uninterrupted output, 
though the strategy still depends on deliveries arriving reliably.
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Chapter 8 Strategies to improve operations — 8C Quality strategies

Theory

Quality is the degree to which a good or service meets the expectations of customers — that it is fit for purpose, 
reliable and free of defects. Managing quality well improves both dimensions of operations performance: it raises 
efficiency (doing things with the least waste of resources, so defects, rework and returns fall) and effectiveness (the 
degree to which the business achieves its objectives, so products consistently satisfy customers and protect the firm’s 
reputation). The study design prescribes three quality strategies — quality control, quality assurance and Total 
Quality Management — which differ mainly in whether they detect defects or prevent them, and in how much of the 
organisation they involve.

Quality control (QC). Quality control is an inspection-based approach: outputs (and often inputs and work in 
progress) are checked at key points during and at the end of production to identify and remove defective items 
before they reach the customer. It is essentially reactive — it detects defects after they have occurred, typically 
through inspection or sampling at “checkpoints”.

 Efficiency: by catching faulty items early, QC avoids the greater cost of recalls, returns and warranty claims; 
however, it can be resource-intensive (inspectors, wasted defective units, rework) and does not stop defects 
being made in the first place.

 Effectiveness: fewer faulty products reach customers, which protects customer satisfaction and the firm’s 
reputation.

Quality assurance (QA). Quality assurance is a prevention-based system in which the business sets and follows 
standards across the whole process so that defects are far less likely to occur. QA is often independently certified 
against an external standard (for example, ISO 9001), and that certification signals to customers and clients that the 
business consistently meets a recognised level of quality. QA is proactive — it builds quality into the process rather 
than inspecting it in at the end.

 Efficiency: preventing defects reduces waste and rework over time, and standardised procedures make output 
more consistent.

 Effectiveness: meeting a recognised standard reassures customers, can be required to win contracts or enter 
markets, and strengthens reputation.

Total Quality Management (TQM). Total Quality Management is an organisation-wide, ongoing commitment to 
continuous improvement in which every employee — not just quality inspectors — takes responsibility for quality, 
and the whole culture is focused on satisfying the customer. TQM is a philosophy rather than a single check: it 
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emphasises customer focus, continuous improvement (steady, incremental gains), employee empowerment and 
teamwork, and the use of data to drive decisions.

 Efficiency: continuous improvement steadily reduces defects, waste and rework across every process, and 
empowered employees fix problems at their source.

 Effectiveness: a relentless customer focus means products consistently meet or exceed expectations, building 
loyalty, reputation and competitive advantage.

Keep straight.

 QC vs QA — detect vs prevent. Quality control detects defects by inspection after they have been made; 
quality assurance prevents defects by building quality into the process and meeting standards before they are 
made. QC finds the faulty items; QA stops them being produced.

 QC/QA vs TQM — task vs culture. Quality control and quality assurance can be carried out by particular 
staff or systems; TQM is a whole-organisation culture in which everyone owns quality and improvement 
never stops.

 Efficiency vs effectiveness are different measures. Efficiency is about how well resources are used (the 
input-to-output ratio — less waste, lower cost); effectiveness is about how well objectives are met (customer 
needs satisfied). A quality strategy can improve both, but in an answer you must say which effect is which — 
examiners penalise blurring the two.

Contemporary example — SunRice (Ricegrowers Limited), August 2025

SunRice (Ricegrowers Limited) is an ASX-listed, grower-linked rice miller that processes paddy grown by farmers in 
the Riverina region of southern New South Wales.

On 8 August 2025, SunRice opened a $15 million upgraded packing hall at its Leeton mill. The project modernised 
about 75 per cent of the site’s packing equipment and added real-time data monitoring of the packing lines, which 
the company said would lift packing capacity by 15–20 per cent; $5 million of the cost was contributed by the federal 
government.

That upgrade sits at the end of a chain of quality control checkpoints. SunRice states that it samples and records each 
grower’s delivery at receival and appraises how that paddy will perform in milling and cooking; representative 
samples are then re-assessed immediately before production to confirm the paddy still aligns with customers’ 
expectations; and sampling continues during milling. Real-time monitoring adds a further checkpoint at packing, so 
problems are detected faster.

This is an inspection-based and therefore reactive approach — it finds defective output rather than preventing it. Its 
efficiency gain is that faults are caught before further resources are spent packing, storing and freighting sub-standard 
rice, or handling returns; its effectiveness gain is that the rice reaching customers meets the agreed specification, 
protecting customer satisfaction and SunRice’s reputation.

Source: Region Riverina, “Leeton rice mill unveils $15m upgraded packing hall”, 13 August 2025 — 
https://regionriverina.com.au/leeton-rice-mill-unveils-15m-upgraded-packing-hall/101871/; quality practices from 
SunRice, “SunRice Quality” — https://www.sunrice.com.au/quality-accreditations-and-practices. Accurate as at July 
2026.

Worked examples

Example 1 — scaffolded

Coastal Crunch is a cereal manufacturer that inspects a sample of boxes at the end of its production line and removes 
any that are underweight or damaged before dispatch. Identify the quality strategy in use and explain how it improves 
the efficiency and the effectiveness of operations.

Working Comment

Inspecting finished output at the end of the line to 
remove defective boxes = quality control.

Match the described practice to the strategy — 
inspection after production is QC.
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Working Comment

Efficiency: removing faulty boxes before dispatch 
avoids the cost of customer returns, refunds and recalls, 
so fewer resources are wasted on correcting problems 
later.

State the efficiency effect explicitly 
(resource/cost/waste).

Effectiveness: customers receive full, undamaged 
boxes, so the cereal meets their expectations, protecting 
satisfaction and Coastal Crunch’s reputation.

State the effectiveness effect explicitly 
(objectives/customer needs).

∴ QC improves efficiency by reducing wasted resources 
on returns and effectiveness by ensuring products meet 
customer expectations.

Draw the two-part conclusion.

Example 2 — scaffolded

Distinguish between quality control and quality assurance.

Working Comment

Quality control = inspecting outputs to detect and 
remove defects after they occur (reactive).

Give the first term’s meaning fully.

Quality assurance = a system of standards that 
prevents defects from occurring across the process, 
often externally certified (proactive).

Give the second term’s meaning fully.

The key difference is detect vs prevent and after vs 
before: QC finds faults once made; QA is designed so 
faults are not made in the first place.

Name the point of difference — a “distinguish” needs 
both terms and the contrast.

Example 3 — unscaffolded

Explain how Total Quality Management can improve both the efficiency and the effectiveness of a business’s 
operations.

Total Quality Management is an organisation-wide culture of continuous improvement in which every employee is 
responsible for quality and the focus is on the customer. It improves efficiency because the steady stream of small 
improvements, made by empowered employees who fix problems at their source, progressively reduces defects, 
waste and rework across every process, so fewer resources are lost to correcting errors. It improves effectiveness 
because the constant focus on customer needs means the goods or services produced consistently meet or exceed 
expectations, which builds customer loyalty and reputation and helps the business achieve its objectives. ∴ TQM lifts 
efficiency by cutting waste through continuous improvement and effectiveness by keeping output aligned with 
customer expectations.

Example 4 — unscaffolded

A manager states, “Quality control is a waste of money — if we just adopt quality assurance we will never make a 
defective product again.” Evaluate this statement.

The statement is partly valid but overstated. It is true that quality assurance is proactive and can reduce defects at 
the source by building quality into the process, which over time is often more cost-effective than relying only on end-
of-line inspection. However, the claim that QA means the business “will never make a defective product again” is 
unrealistic: no system prevents every fault, and quality control still provides a valuable safety net, catching the 
defects that slip through before they reach customers. Abandoning QC entirely could allow faulty products to be 
dispatched, damaging reputation and effectiveness. Many businesses therefore use QA and QC together, and 
increasingly a TQM culture as well. ∴ while QA is a sound long-term investment, dismissing QC altogether is a 
weakness, because inspection still protects customers when prevention is imperfect.
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Practice questions

Scaffolded

Q1. Define the term quality in the context of operations management.

Q2. Name the three quality strategies prescribed in the study design.

Q3. For each of the following, name the quality strategy being described: (a) an organisation-wide culture of 
continuous improvement in which every employee is responsible for quality; (b) inspecting finished products to 
remove defective items before dispatch; (c) following a certified set of standards to prevent defects across the whole 
process.

Q4. Explain the difference between efficiency and effectiveness in operations.

Q5. A furniture maker inspects every chair before it leaves the factory. (a) Identify the quality strategy being used. (b) 
Explain one way this strategy improves the effectiveness of operations.

Q6. Explain why quality assurance is described as a proactive strategy while quality control is described as a reactive 
strategy.

Unscaffolded

Q7. Describe the quality control strategy. (2 marks)

Q8. Distinguish between quality control and Total Quality Management. (4 marks)

Q9. Explain how quality assurance can improve the efficiency of a business’s operations. (3 marks)

Q10. Outline one advantage and one disadvantage of relying on quality control. (4 marks)

Q11. Compare quality assurance and Total Quality Management. (4 marks)

Q12. Analyse how adopting Total Quality Management could affect a manufacturer’s ability to achieve its business 
objectives. (6 marks)

Q13. Case study. Willow & Bean is a growing chain that roasts and packs coffee. Recently, several cafés have 
complained that bags of coffee vary in weight and roast, and 6% of a large order was returned. The operations 
manager currently relies only on a spot-check of a few bags at the end of each shift. (a) Identify the quality strategy 
Willow & Bean currently uses. (1 mark) (b) Analyse one limitation of relying only on this strategy for Willow & 
Bean. (3 marks) (c) Propose a more effective quality strategy for Willow & Bean and justify your recommendation. (4 
marks)

Q14. Explain why a business might seek external certification (such as ISO 9001) as part of its quality assurance. (3 
marks)

Q15. Discuss the use of Total Quality Management as a strategy to improve operations. (6 marks)

Q16. A business is deciding between quality control and quality assurance. Justify which strategy would better help it 
prevent defects. (3 marks)

Q17. Explain how a quality strategy can improve both the efficiency and the effectiveness of operations, using an 
example of your own. (4 marks)

Q18. A manager claims that Total Quality Management is “too slow” because it relies on small, continuous 
improvements rather than one large change. Evaluate this claim. (4 marks)

Q19. Extended response. Northwind Appliances manufactures kitchen appliances and has seen rising warranty 
claims and customer complaints. Analyse how quality control, quality assurance and Total Quality Management could 
each be used to improve the efficiency and effectiveness of Northwind’s operations, and recommend which approach 
the business should prioritise. (10 marks)

Q20. In August 2025, SunRice opened a $15 million upgraded packing hall at its Leeton mill, adding real-time 
monitoring of the packing lines to its existing sampling of paddy at receival, again immediately before milling, and 



   Classbasics Pty Ltd, vwx.au   ·   Business Management Units 3 & 4   ·   Page 24

during milling. Analyse how this use of quality control affects the efficiency and the effectiveness of SunRice’s 
operations. (5 marks)
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Answers

Q1. The degree to which a good or service meets customer expectations — fit for purpose, reliable and free of defects. 
Q2. Quality control; quality assurance; Total Quality Management. Q3. (a) Total Quality Management; (b) quality 
control; (c) quality assurance. Q4. Efficiency = how well resources are used (least waste/cost); effectiveness = how 
well objectives are achieved (customer needs met). Q5. (a) Quality control. (b) It removes defective chairs before they 
reach customers, so products meet customer expectations and protect the firm’s reputation. Q6. QA prevents defects 
before they occur by building quality into the process; QC responds to defects after they occur by inspecting and 
removing them. Q7. Model response in solutions. Q8. QC = inspection to detect defects after production; TQM = 
whole-organisation culture of continuous improvement where all employees own quality. See solutions. Q9. 
Preventing defects reduces waste and rework, lowering resource use. See solutions. Q10. Advantage: catches defects 
before they reach customers. Disadvantage: reactive/resource-heavy, doesn’t prevent defects. See solutions. Q11. Both 
aim to improve quality and involve systems/standards; QA = prevention via certified standards, TQM = organisation-
wide continuous-improvement culture involving all staff. See solutions. Q12. Analyse the causal links TQM → fewer 
defects/waste + customer focus → efficiency and effectiveness → objectives (profit, reputation, market share). See 
solutions. Q13. (a) Quality control. (b) e.g. spot-checking misses variation between checks, so faulty bags still reach 
cafés → returns/complaints. (c) QA or TQM, justified. See solutions. Q14. Signals verified quality to customers, can 
win contracts, ensures consistent processes. See solutions. Q15. Discuss advantages (continuous improvement, 
customer focus, empowerment) and disadvantages (slow, culture change, training cost). See solutions. Q16. Quality 
assurance — it is designed to prevent defects before they occur. See solutions. Q17. Any valid example stating both 
an efficiency effect and an effectiveness effect. See solutions. Q18. Evaluate — continuous improvement is gradual 
but cumulative and low-risk; may be too slow for an urgent problem. See solutions. Q19. Model response in solutions. 
Q20. Sampling at receival, before milling, during milling and real-time monitoring at packing = quality control 
(inspection at checkpoints). Analyse the causal links: earlier detection → fewer resources wasted on defective output 
(efficiency); rice meets customer specification (effectiveness); note QC is reactive. See solutions.

Fully-worked solutions

Q7. Quality control is an inspection-based strategy in which outputs are checked at points during and at the end of 
production to detect and remove defective items before they reach the customer. It is a reactive approach, 
identifying faults after they have occurred.

Q8. Quality control is an inspection-based strategy that detects and removes defective items after they have been 
produced, usually carried out at specific checkpoints by particular staff. Total Quality Management is an 
organisation-wide culture of continuous improvement in which every employee is responsible for quality and the 
focus is on the customer. The two therefore differ in scope (a specific inspection task vs a whole-organisation culture) 
and in approach (detecting defects after the fact vs continuously improving processes so defects are reduced at the 
source).

Q9. Quality assurance improves efficiency because it is designed to prevent defects from occurring by building 
quality into the process and following consistent standards. When fewer defective units are produced, the business 
wastes fewer materials and less labour on rework, scrap and returns, so the same output is achieved using fewer 
resources — an improvement in efficiency.

Q10. Advantage: quality control catches defective products before they reach customers, so faulty goods are less 
likely to cause returns, complaints or reputational damage. Disadvantage: it is reactive and resource-intensive — it 
relies on inspection after production, so defective units have already consumed materials and labour, and it does not 
prevent the defects from being made in the first place.

Q11. Similarities: both quality assurance and TQM aim to improve quality and reduce defects, and both rely on 
systems and standards rather than end-of-line inspection alone. Differences: quality assurance is a prevention 
system based on meeting defined (often externally certified) standards, and can be operated as a defined system; 
TQM is broader — an organisation-wide culture of continuous improvement in which all employees take 
responsibility for quality and improvement is ongoing. QA sets and meets a standard; TQM continuously raises the 
standard through everyone’s effort.
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Q12. Adopting Total Quality Management affects a manufacturer’s ability to achieve its objectives through a chain 
of effects. Because TQM makes every employee responsible for quality and drives continuous improvement, the 
manufacturer progressively reduces defects, waste and rework; this lowers costs and lifts efficiency, which supports 
the objective of making a profit and improving efficiency. At the same time, TQM’s customer focus means the 
goods produced more consistently meet customer expectations, improving effectiveness and supporting objectives 
such as increasing market share and fulfilling a market need, as satisfied customers return and recommend the 
business. There may be short-term costs — training and cultural change take time and money — but over time the 
relationship runs strategy → fewer defects and stronger customer focus → higher efficiency and effectiveness → 
better achievement of objectives.

Q13. (a) Quality control (an end-of-shift spot-check of finished output). (b) Relying only on a spot-check of a few 
bags means most bags are never inspected, so variation in weight and roast between checks goes undetected and 
faulty bags are still dispatched — which is exactly why cafés are complaining and 6% of the order was returned. The 
strategy is reactive and only samples a small proportion, so it cannot ensure consistent quality across all output. (c) 
Willow & Bean should adopt quality assurance (or move towards TQM). Setting and following standardised 
processes for weighing and roasting — for example, calibrated scales and controlled roast times built into the process 
— would prevent the variation from occurring rather than trying to catch it afterwards. This is more effective for 
Willow & Bean because the problem is inconsistent processes, so building quality into those processes addresses the 
cause, reducing returns and restoring café confidence as the chain grows.

Q14. A business seeks external certification such as ISO 9001 because it provides independent verification that the 
business consistently follows recognised quality standards. This reassures customers and clients that the goods or 
services meet a trusted level of quality, can be a requirement to win contracts or enter certain markets, and 
encourages consistent, documented processes internally. In short, certification both signals quality externally and 
disciplines processes internally.

Q15. Total Quality Management can be an effective strategy to improve operations, but it has both advantages and 
disadvantages. Advantages: it drives continuous improvement across every process, steadily reducing defects and 
waste (efficiency); its customer focus keeps output aligned with what customers want (effectiveness); and by 
empowering all employees to identify and fix problems, it can improve engagement and catch issues at the source. 
Disadvantages: TQM requires a significant cultural change and ongoing training, which take time and money; 
results are gradual rather than immediate; and it depends on genuine commitment from management and staff, 
without which it can fail to take hold. Overall, TQM is well suited to a business seeking long-term, sustainable quality 
gains, though it demands patience and investment.

Q16. Quality assurance would better help the business prevent defects. This is because QA is a proactive system 
that builds quality into the process and follows standards designed so that defects do not occur in the first place. 
Quality control, by contrast, only detects defects after they have been produced, so it does not prevent them. Because 
the business’s goal here is prevention, QA is the appropriate choice.

Q17. (Example answers vary.) A bakery adopts quality assurance by standardising its recipes, oven temperatures and 
timings and following them consistently. Efficiency: fewer loaves are burnt or under-baked, so less flour, energy and 
labour are wasted on discarded or re-made products. Effectiveness: customers receive bread of a consistent, 
expected standard, meeting their needs and protecting the bakery’s reputation. The single strategy therefore improves 
both how well resources are used and how well the bakery meets customer expectations.

Q18. The claim has some merit but is not wholly valid. It is true that TQM relies on small, continuous 
improvements rather than one dramatic change, so its benefits accumulate gradually and it may be too slow to 
resolve an urgent, serious quality crisis, where a more immediate intervention is needed. However, describing this 
as simply a weakness overlooks the strengths of the approach: the incremental gains are cumulative and sustainable, 
they are lower-risk than a single large change, and they embed a lasting culture of quality that keeps improving output 
over the long term. On balance, TQM’s gradualism is a limitation only where speed is essential; as a long-term 
strategy its steady improvement is a genuine strength.

Q19. Model response (10 marks). Northwind Appliances is producing goods with rising warranty claims and 
complaints, indicating a quality problem that is harming both efficiency (the cost of warranty repairs and rework) and 
effectiveness (dissatisfied customers). Each of the three quality strategies could help. Quality control would involve 
inspecting appliances at points during and at the end of assembly to detect and remove faulty units before 
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dispatch. This would improve effectiveness immediately, as fewer defective appliances reach customers, protecting 
reputation; its effect on efficiency is limited, however, because it is reactive — defective units have already consumed 
materials and labour, and inspection itself is costly. Quality assurance would involve building quality into the 
process and following certified standards (such as ISO 9001) so that defects are prevented rather than caught. This 
improves efficiency, because preventing faults reduces waste and rework over time, and effectiveness, because 
consistent, certified quality reassures customers and could win retail contracts. Total Quality Management would go 
further, embedding an organisation-wide culture of continuous improvement in which every employee — from 
design to assembly — takes responsibility for quality and focuses on the customer. This offers the greatest long-term 
gains in both efficiency (continuous reduction of defects and waste at the source) and effectiveness (sustained 
alignment with customer needs), though it requires cultural change, training and time. On balance, Northwind should 
prioritise quality assurance in the short term to stop the immediate flow of defects and stabilise its reputation, 
while building towards TQM as a longer-term strategy so that continuous improvement sustains quality once the 
urgent problem is under control. Quality control still has a place as a safety net, but on its own it treats the symptom 
rather than the cause. (Full marks require: accurate treatment of all three strategies; explicit links to both efficiency 
and effectiveness; application to Northwind; and a justified recommendation.)

Q20. Sampling paddy at receival, re-assessing it immediately before milling, sampling again during milling and 
monitoring the packing lines in real time is quality control: output and work in progress are inspected at 
checkpoints so defective product is detected and removed before it reaches the customer. The effect on efficiency is 
that a fault is identified at the earliest checkpoint at which it appears, so the business avoids spending further 
materials, labour, packaging and freight on rice that would later be rejected, and avoids the cost of returns and 
reworking — the same saleable output is achieved with less waste. Adding real-time monitoring at packing 
strengthens this, because a problem on the line can be acted on as it occurs rather than after a batch is finished. The 
effect on effectiveness is that rice dispatched to customers meets the agreed specification, so customer expectations 
are satisfied and SunRice’s reputation with its buyers is protected, supporting objectives such as market share and 
meeting a market need. The limitation is that quality control remains reactive — it detects defects rather than 
preventing them, and defective units have already consumed resources by the time they are found. ∴ inspection at 
successive checkpoints improves efficiency by cutting the resources lost to defective output and effectiveness by 
ensuring dispatched rice meets customer standards, though it treats the symptom rather than the cause.
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Chapter 8 Strategies to improve operations — 8D Waste minimisation in the 
production process

Theory

Waste minimisation is a strategy to reduce the amount of waste generated by the production process. Here “waste” 
means any input that does not end up as saleable output — offcuts and scrap, spoiled or defective units, excess 
packaging, and wasted energy, water and time. Minimising waste therefore works from two directions at once: fewer 
resources go in, and less unwanted material comes out to be disposed of. Businesses approach this through a 
preference order known as the three Rs — reduce, reuse, recycle — applied to the production process itself.

Like the other operations strategies, waste minimisation is prescribed because it improves both dimensions of 
operations performance:

 Efficiency — how well resources are used (the input-to-output ratio). Cutting waste lowers input costs (fewer 
materials, less energy and water purchased) and disposal costs (less scrap sent to landfill, lower waste-levy 
charges), so the same output is produced using fewer resources.

 Effectiveness — how well the business achieves its objectives. Less waste can mean fewer defects and more 
consistent output (quality), and a business that visibly uses resources responsibly can meet the 
environmental expectations of customers and the community, protecting and enhancing its reputation.

Reduce. To reduce is to use fewer inputs — less material, energy or water — to make the same output, or to 
redesign the product or process so that less waste is created in the first place. It sits at the top of the hierarchy 
because preventing waste is better than having to deal with it afterwards. Operations examples: reprogramming a 
cutting machine so parts are arranged (“nested”) tightly on a sheet of steel or fabric to leave the smallest possible 
offcuts; redesigning packaging to be lighter and use less material; installing energy-efficient machinery or LED 
lighting to cut the energy used per unit; ordering more accurately so materials are not over-supplied and left to spoil.

 Efficiency: fewer inputs are purchased (lower material and energy costs) and less offcut or scrap is generated 
(lower disposal costs), improving the input-to-output ratio.

 Effectiveness: a leaner, well-designed process can lift quality and consistency, and using fewer resources 
meets customer and community environmental expectations, supporting the firm’s reputation and objectives.

Reuse. To reuse is to use a material or item again in the production process in its existing form — without 
reprocessing it — either for the same purpose or a different one, rather than throwing it away after a single use. 
Operations examples: returnable pallets, crates and drums used repeatedly to move and store inputs; washing and 
refilling bottles or containers; recirculating water in a closed-loop cooling system; using offcuts and trimmings as 
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the input for smaller products (for example, fabric scraps made into smaller accessories); reconditioning and reusing 
tools, jigs or moulds.

 Efficiency: because each item does the job of many, the business buys fewer new inputs (lower purchasing 
cost) and sends less material to landfill (lower disposal cost).

 Effectiveness: reusing serviceable items reduces the business’s environmental footprint visibly, helping it meet 
customer and community expectations and enhance reputation, provided the reused items remain fit for 
purpose.

Recycle. To recycle is to collect waste materials and reprocess them — break them down and remake them — so 
they can be used again as inputs, either within the business or by selling the waste to a recycler and/or buying 
recycled raw materials. The defining feature is reprocessing: recycling changes the form of the material before it is 
used again. Operations examples: melting metal offcuts and casting them into new components; granulating plastic 
scrap and feeding it back into the moulding machine; pulping paper trimmings into new packaging; composting 
organic food waste into a soil input; buying inputs made from recycled content.

 Efficiency: reprocessing waste replaces material the business would otherwise have to buy new, and bought-in 
recycled inputs such as scrap metal or recycled paper are often cheaper than virgin material, so input costs 
fall; diverting waste from landfill also lowers disposal and levy costs.

 Effectiveness: producing and using recycled inputs meets the growing environmental expectations of 
customers and the community, supporting reputation and objectives. Because recycling still consumes energy 
to reprocess material, it sits below reduce and reuse in the preference order.

Waste minimisation as an efficiency strategy — not the same lens as CSR. In operations management the three Rs 
are studied as a strategy to improve efficiency and effectiveness: the driver is operational performance — lower input 
and disposal costs, better-quality output and a stronger reputation. The same practices also form part of a business’s 
corporate social responsibility (CSR), where the focus is the business’s voluntary, ethical obligation to reduce its 
environmental impact on society (studied separately in operations CSR). The actions can overlap, but the lens differs: 
here the question is “does this make our operations more efficient and effective?”; under CSR the question is “is this 
the responsible thing to do for the environment and community?”.

Keep straight.

 Reduce vs reuse vs recycle. Reduce stops the waste being created (use fewer inputs / redesign); reuse uses 
the item again as it is, with no reprocessing; recycle reprocesses the waste into new inputs, changing its 
form. The order of preference is reduce → reuse → recycle, because recycling, while valuable, still uses 
energy to reprocess material.

 Reuse vs recycle — the dividing line is reprocessing. Reuse keeps the item in its original form; recycle 
breaks it down and remakes it. Refilling a drum is reuse; melting it down to cast a new part is recycling.

 Efficiency vs effectiveness are different measures. Efficiency is about how well resources are used (lower 
input and disposal cost, better input-to-output ratio); effectiveness is about how well objectives are met 
(quality, reputation, meeting customer and environmental expectations). A waste-minimisation strategy can 
improve both, but in an answer you must say which effect is which — examiners penalise blurring the two.

Contemporary example — Circular Plastics Australia (PET), December 2023

Circular Plastics Australia (PET) was formed as a plastics-recycling joint venture whose partners at the time were Pact 
Group, Cleanaway, Asahi Beverages and Coca-Cola Europacific Partners.

On 15 December 2023 the joint venture opened a $50 million PET bottle recycling plant at Altona North in 
Melbourne’s west, built with $6 million of support from the Australian Government’s Recycling Modernisation Fund 
and the Victorian Government’s Circular Economy – Recycling Modernisation Fund. Pact reported that the plant 
could process the equivalent of up to one billion 600 ml PET beverage bottles a year, producing around 20,000 tonnes 
of food-grade recycled PET resin annually at about 2.5 tonnes an hour. The resin was to be made into new beverage 
bottles and into food packaging such as meat trays and fruit punnets.

This is the recycle strategy at industrial scale. Used bottles are reprocessed — broken down and remade — so the 
material changes form before it re-enters production as an input, which is exactly what separates recycling from 
reuse. Pact described the arrangement as a “bottle-to-bottle” closed loop intended to cut reliance on virgin and 
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imported resin. For the beverage businesses in the venture, every tonne of resin recovered here — supplied 
domestically rather than imported — is a tonne of new material that no longer has to be drawn into the supply 
chain, and used bottles are diverted from landfill rather than dumped, so the same volume of drinks is packaged 
from fewer new resources and at lower disposal and waste-levy costs: an efficiency effect. Meanwhile, visibly 
building packaging from recovered material helps meet the environmental expectations of customers and the 
community, supporting reputation and therefore effectiveness.

Source: Pact Group, “Victoria’s biggest PET plastic bottle recycling plant opens for business in Melbourne”, 15 
December 2023 — https://pactgroup.com/news/victorias-biggest-pet-plastic-bottle-recycling-plant-opens-for-
business-in-melbourne/. Accurate as at July 2026.

Worked examples

Example 1 — scaffolded

Corella Furniture makes flat-pack wardrobes and desks. It reprograms its panel-cutting software so that the parts for 
each order are arranged to leave the smallest possible offcuts from every sheet of plywood. Identify the waste-
minimisation strategy in use and explain how it improves the efficiency and the effectiveness of operations.

Working Comment

Redesigning how parts are laid out so less material is 
wasted per sheet = the reduce strategy.

Match the practice to a strategy — preventing waste by 
using fewer inputs is reduce, not reuse or recycle.

Efficiency: each sheet now yields more usable parts, so 
Corella buys fewer sheets of plywood (lower input 
cost) and generates less offcut waste to dispose of 
(lower disposal cost).

State the efficiency effect explicitly — input and 
disposal costs, the input-to-output ratio.

Effectiveness: using timber more responsibly meets the 
environmental expectations of customers and the 
community, protecting Corella’s reputation and helping 
it meet its objectives.

State the effectiveness effect explicitly — objectives, 
reputation, expectations.

∴ the reduce strategy improves efficiency by cutting 
input and disposal costs and effectiveness by 
strengthening reputation with environmentally conscious 
customers.

Draw the two-part conclusion.

Example 2 — scaffolded

Distinguish between the reuse and recycle waste-minimisation strategies.

Working Comment

Reuse = using a material or item again in its existing 
form, without reprocessing it — for example, refilling 
and reusing delivery drums.

Give the first term’s meaning fully, with a quick 
example.

Recycle = reprocessing waste — breaking it down and 
remaking it — so it can be used again as an input, for 
example melting scrap metal to cast new parts.

Give the second term’s meaning fully, with a quick 
example.

The key difference is reprocessing / change of form: 
reuse keeps the item as it is, while recycling changes its 
form before it is used again.

Name the point of difference — a “distinguish” needs 
both terms and the contrast between them.

Example 3 — unscaffolded

Explain how a manufacturer could minimise waste in its production process through reduce, reuse and recycle.

A manufacturer can apply the three Rs at different points in production. It can reduce waste by using fewer inputs to 
make the same output — for example, redesigning a component so it uses less material, or installing efficient 
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machinery that consumes less energy per unit — which prevents the waste being created at all. It can reuse materials 
and items by using them again in their existing form, such as moving inputs on returnable crates and pallets or 
recirculating water in a closed loop, so the same items serve many production runs. It can recycle by reprocessing 
waste into new inputs, for example granulating plastic offcuts and feeding them back into the moulding machine. 
Each step lowers the resources consumed and the waste sent to landfill, cutting input and disposal costs. ∴ by 
reducing, reusing and recycling, the manufacturer produces the same output from fewer resources while sending less 
waste out of the process.

Example 4 — unscaffolded

A manager states, “Waste minimisation is only about protecting the environment — it does nothing for a business’s 
profit.” Evaluate this statement.

The statement is largely invalid, although it contains a grain of truth. It is true that reducing, reusing and recycling do 
benefit the environment, and that a business may pursue them partly as part of its corporate social responsibility. 
However, the claim that waste minimisation “does nothing for profit” ignores its direct effect on efficiency: using 
fewer inputs lowers material and energy costs, and sending less scrap to landfill lowers disposal and levy costs, so 
the same output is produced more cheaply — which improves profit. It also supports effectiveness, because a strong 
environmental reputation can attract customers and win sales, again lifting revenue. There are limits — some 
measures (such as recycling equipment) require upfront investment and take time to pay back — but on balance the 
strategy is a genuine operations lever, not merely an environmental gesture. ∴ waste minimisation protects the 
environment and supports profit by cutting costs and strengthening reputation, so the manager’s statement should be 
rejected.

Practice questions

Scaffolded

Q1. Define the term waste minimisation.

Q2. Name the three strategies that make up the reduce, reuse, recycle approach, in their order of preference.

Q3. For each of the following, name whether the practice is reduce, reuse or recycle: (a) using returnable crates over 
and over to move parts between workstations; (b) melting metal offcuts and casting them into new components; (c) 
installing energy-efficient machinery so that less electricity is used per unit produced.

Q4. Explain the difference between efficiency and effectiveness in operations.

Q5. A brewery collects, washes and refills its glass bottles rather than buying new bottles for each batch. (a) Identify 
which of the reduce/reuse/recycle strategies this is. (b) Explain one way this improves the efficiency of the brewery’s 
operations.

Q6. Explain the difference between the reuse and recycle strategies.

Unscaffolded

Q7. Describe the reduce strategy in waste minimisation. (2 marks)

Q8. Distinguish between the reduce and recycle waste-minimisation strategies. (4 marks)

Q9. Explain how recycling can improve the efficiency of a business’s operations. (3 marks)

Q10. Outline one advantage and one disadvantage of recycling as a waste-minimisation strategy. (4 marks)

Q11. Compare the reuse and recycle strategies. (4 marks)

Q12. Analyse how minimising waste in the production process could affect a manufacturer’s ability to achieve its 
business objectives. (6 marks)

Q13. Case study. Crisp & Co. manufactures potato snacks. Each month it sends about 12 tonnes of potato peel and 
undersized potatoes to landfill, throws out trimmings of foil packaging, and pays rising energy and landfill-levy bills. 
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Café and supermarket buyers have begun asking suppliers about their environmental practices. (a) Identify one waste-
minimisation strategy Crisp & Co. could use for its potato-peel waste. (1 mark) (b) Analyse one benefit to Crisp & 
Co. of reducing the amount of foil-packaging waste it generates. (3 marks) (c) Propose a waste-minimisation strategy 
for the peel and the undersized potatoes, and justify your recommendation. (4 marks)

Q14. Explain why the reduce strategy is generally preferred over recycling in the waste-minimisation hierarchy. (3 
marks)

Q15. Discuss the use of waste minimisation as a strategy to improve operations. (6 marks)

Q16. A manufacturer faces high and rising disposal costs. Justify the use of a reuse strategy to address this. (3 marks)

Q17. Explain how a waste-minimisation strategy can improve both the efficiency and the effectiveness of operations, 
using an example of your own. (4 marks)

Q18. “Waste minimisation is just corporate social responsibility dressed up — it has no place in a discussion of 
operational efficiency.” Evaluate this claim. (4 marks)

Q19. Extended response. Loomweave Carpets manufactures woollen carpet. It generates large volumes of yarn 
offcuts and trimmings, uses a great deal of water and energy in dyeing and washing, and currently sends most of its 
waste to landfill. Analyse how reduce, reuse and recycle could each improve the efficiency and effectiveness of 
Loomweave’s operations, and recommend which the business should prioritise. (10 marks)

Q20. Contemporary example. In December 2023, Circular Plastics Australia (PET) opened a PET bottle recycling 
plant at Altona North in Melbourne, reported to be able to process the equivalent of up to one billion 600 ml beverage 
bottles a year into food-grade recycled resin used to make new bottles and food packaging. Analyse how this use of 
the recycle strategy could improve both the efficiency and the effectiveness of the beverage businesses that use the 
recycled resin. (6 marks)
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Answers

Q1. A strategy to reduce the amount of waste generated by the production process (fewer inputs used and less 
unwanted material produced), applying reduce, reuse and recycle. Q2. Reduce; reuse; recycle (in that order of 
preference). Q3. (a) reuse; (b) recycle; (c) reduce. Q4. Efficiency = how well resources are used (least input/waste, 
lower cost); effectiveness = how well objectives are achieved (customer/environmental expectations met, reputation). 
Q5. (a) Reuse. (b) Refilling existing bottles means the brewery buys fewer new bottles, lowering input costs, and 
sends fewer bottles to landfill, lowering disposal costs. Q6. Reuse = using an item again in its existing form (no 
reprocessing); recycle = reprocessing waste (changing its form) into new inputs. Q7. Model response in solutions. 
Q8. Reduce = using fewer inputs / redesigning to prevent waste being made; recycle = reprocessing waste that has 
been made into new inputs. See solutions. Q9. Recycled material is often cheaper than virgin material (lower input 
cost) and diverting waste from landfill lowers disposal cost. See solutions. Q10. Advantage: turns waste into usable 
inputs and cuts disposal cost. Disadvantage: reprocessing uses energy/equipment and cost, so it is less preferred than 
reduce or reuse. See solutions. Q11. Both keep materials in use and cut input and disposal costs and waste to landfill; 
they differ in reprocessing — reuse keeps the original form, recycle changes the form. See solutions. Q12. Analyse 
the causal links: less waste → lower input and disposal costs (efficiency) + stronger environmental reputation 
(effectiveness) → objectives such as profit, market share, meeting a market need. See solutions. Q13. (a) Recycle 
(e.g. compost/reprocess the peel) — reuse (e.g. as animal feed) also acceptable. (b) e.g. less foil purchased and less 
waste dumped → lower input and disposal costs, and improved reputation with buyers. (c) Reuse the undersized 
potatoes as an input to another product; recycle the peel by composting it, justified. See solutions. Q14. Reduce 
prevents the waste from being created at all, whereas recycling deals with waste after it exists and still consumes 
energy to reprocess. See solutions. Q15. Discuss advantages (lower input/disposal costs, reputation) and disadvantages 
(upfront investment, time, not always feasible). See solutions. Q16. Reuse lets each item serve many production runs, 
so less is sent to landfill → directly lowers disposal costs. See solutions. Q17. Any valid example stating both an 
efficiency effect (resources/cost) and an effectiveness effect (objectives/reputation). See solutions. Q18. Evaluate — 
waste minimisation is both a CSR matter and a genuine efficiency lever (cost savings); the claim is largely invalid. 
See solutions. Q19. Model response in solutions. Q20. Recycle — the bottles are reprocessed into resin, changing 
their form before re-use as an input. Efficiency: the same drinks are packaged using fewer new resources (recovered 
resin replaces virgin and imported material, from a domestic source) and bottles are diverted from landfill → lower 
disposal and levy costs. Effectiveness: recycled-content packaging meets customer and community environmental 
expectations → reputation and objectives. See solutions.

Fully-worked solutions

Q7. The reduce strategy involves using fewer inputs — less material, energy or water — to produce the same 
output, or redesigning the product or process so that less waste is generated in the first place (for example, 
cutting parts to leave smaller offcuts). It prevents waste being created, rather than dealing with it afterwards, which is 
why it sits at the top of the waste-minimisation hierarchy.

Q8. The reduce strategy prevents waste being made in the first place by using fewer inputs or redesigning the 
process — for example, laying out parts to leave smaller offcuts or using energy-efficient machinery. The recycle 
strategy deals with waste after it has been produced, by reprocessing it — breaking it down and remaking it — 
into new inputs, such as melting scrap metal to cast new components. The two therefore differ in timing (preventing 
waste vs handling waste already created) and in method (using less vs reprocessing what is left). Reduce also ranks 
above recycle because recycling still consumes energy to reprocess material.

Q9. Recycling improves efficiency because it turns waste into a usable input. First, material recovered and 
reprocessed from the business’s own scrap — or bought as recycled raw material — is often cheaper than new 
(virgin) material, lowering input costs. Second, waste that is recycled is diverted from landfill, which lowers 
disposal and waste-levy costs. Because the business produces the same output while spending less on inputs and 
disposal, its input-to-output ratio improves — an efficiency gain.

Q10. Advantage: recycling turns waste into usable inputs, so the business both cuts its disposal costs (less sent to 
landfill) and can replace some virgin material with reprocessed scrap it already owns, or with bought-in recycled 
material that is often cheaper, improving efficiency while reducing environmental impact. Disadvantage: recycling 
requires energy, equipment and labour to reprocess the waste (or the cost of sending it to a recycler), so it is less 
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preferable than reducing or reusing, which avoid or postpone that reprocessing cost; in some cases the reprocessing 
cost can outweigh the value recovered.

Q11. Similarities: both reuse and recycle keep materials in productive use instead of discarding them, and both lower 
input costs and disposal costs by cutting the amount of new material bought and the amount of waste sent to landfill; 
both also support a stronger environmental reputation. Differences: the key difference is reprocessing. Reuse uses an 
item again in its existing form (for example, refilling a drum or reusing a pallet), with no change to the material. 
Recycle reprocesses the waste — breaking it down and remaking it — so its form changes before it becomes an 
input again (for example, granulating plastic scrap). Because reuse avoids the energy of reprocessing, it ranks above 
recycling in the hierarchy.

Q12. Minimising waste affects a manufacturer’s ability to achieve its objectives through a chain of effects. By 
reducing, reusing and recycling, the manufacturer uses fewer inputs and sends less waste to landfill, which lowers 
material, energy and disposal costs; this raises efficiency and directly supports the objectives of improving 
efficiency and making a profit, since lower costs widen the margin on each unit. At the same time, visibly using 
resources responsibly helps the manufacturer meet the environmental expectations of customers and the 
community, which improves effectiveness and supports objectives such as increasing market share and fulfilling a 
market and social need, as environmentally conscious buyers are drawn to the business and its reputation 
strengthens. There can be a short-term tension — some measures need upfront investment before the savings appear 
— but the underlying relationship runs waste minimisation → lower costs and stronger reputation → higher efficiency 
and effectiveness → better achievement of objectives.

Q13. (a) Recycle the peel — for example, compost it or send it to be reprocessed (reuse as animal feed is also 
acceptable). (b) Reducing foil-packaging waste benefits Crisp & Co. because using less foil per pack means the 
business buys less packaging material (lower input cost) and throws out fewer trimmings (lower disposal and levy 
cost), so the same snacks are packaged using fewer resources — an efficiency gain that widens the profit margin. 
Because café and supermarket buyers are now asking about environmental practices, cutting packaging waste also 
strengthens Crisp & Co.’s reputation with those buyers, helping it retain and win contracts. (c) Crisp & Co. should 
reuse the undersized potatoes — using them in their existing form as an input to another product line, for 
example diverting them into a mashed- or hash-style product instead of discarding them — so potatoes that are 
currently wasted still generate saleable output. It should recycle the peel by composting it, so that the organic waste 
is reprocessed into a useful soil input rather than dumped. (Supplying the raw peel to a farmer as animal feed is also a 
sound option, but it is reuse, not recycling — the peel is used in its existing form, with no reprocessing.) This is 
justified because it tackles the largest waste streams (12 tonnes a month), directly cuts the rising landfill-levy and 
disposal costs, recovers value from material that is currently thrown away, and demonstrates the environmental 
responsibility that Crisp & Co.’s buyers are now demanding — improving both efficiency and effectiveness.

Q14. The reduce strategy is preferred over recycling because it prevents the waste from being created in the first 
place, whereas recycling only deals with waste after it already exists. When a business reduces — using fewer inputs 
or redesigning to cut offcuts — it saves the full cost of the materials and energy that would otherwise have been 
consumed, and there is then no waste to collect, reprocess or dispose of. Recycling, by contrast, still requires 
energy, equipment and labour to reprocess the waste, so although it is valuable, it is less efficient and less 
environmentally preferable than avoiding the waste altogether. This is why the hierarchy runs reduce first, then reuse, 
then recycle.

Q15. Waste minimisation can be an effective strategy to improve operations, but it has both advantages and 
disadvantages. Advantages: reducing, reusing and recycling lower input costs (fewer materials, less energy and 
water) and disposal costs (less sent to landfill), improving efficiency; the same practices help the business meet 
customer and community environmental expectations, strengthening reputation and effectiveness; and cutting 
waste can also improve consistency and quality of output. Disadvantages: some measures require upfront investment 
(for example, recycling or water-recovery equipment) that takes time to pay back; redesigning products or processes 
can be complex and disruptive; and not every input can be reduced, reused or recycled, so the gains are limited in 
some operations. Overall, waste minimisation is well suited to a business seeking to lower costs and build an 
environmental reputation, provided it is willing to invest and adapt its processes; the benefits generally outweigh the 
costs over the longer term.

Q16. A reuse strategy is justified for a manufacturer facing high, rising disposal costs because it directly attacks the 
volume of waste being sent for disposal. When materials and items — such as crates, drums, pallets or containers — 
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are used again in their existing form instead of being thrown away after one use, far less waste leaves the business, 
so the disposal and landfill-levy costs fall immediately. Reuse also reduces the number of new items the business 
must buy, lowering input costs at the same time. Because it requires no reprocessing (unlike recycling), reuse 
delivers these savings at low additional cost, making it a well-targeted response to a disposal-cost problem. The 
manufacturer should therefore adopt reuse because it cuts the very costs that are rising.

Q17. (Example answers vary.) A commercial bakery adopts a reduce strategy by installing high-efficiency ovens and 
recalibrating its dough dividers, so that each batch is baked using less gas and electricity and far fewer loaves come 
out underweight and have to be thrown away. Efficiency: the same number of saleable loaves is produced using less 
energy (lower utility cost) and with fewer rejected loaves to dispose of (lower disposal cost), so the input-to-output 
ratio improves. Effectiveness: more consistent loaves lift the quality of output, and visibly cutting energy use and food 
waste meets the environmental expectations of customers and the community, protecting the bakery’s reputation. 
The single strategy therefore improves both how well resources are used and how well the business meets its 
objectives.

Q18. The claim is largely invalid, though it is partly understandable. It is true that reducing, reusing and recycling are 
also corporate social responsibility actions, because they lessen a business’s environmental impact, and a business 
may pursue them for that reason. However, to say they have “no place in a discussion of operational efficiency” is 
wrong: waste minimisation is a prescribed operations strategy precisely because it improves efficiency — using 
fewer inputs lowers material and energy costs, and sending less scrap to landfill lowers disposal and levy costs, so 
the same output is produced using fewer resources. These are cost savings measured in the input-to-output ratio, the 
very definition of efficiency. The strategy therefore sits legitimately in both conversations: it is a CSR measure and 
an efficiency lever, and the two are not mutually exclusive. ∴ the claim should be rejected, because waste 
minimisation delivers genuine operational-efficiency gains regardless of its CSR value.

Q19. Model response (10 marks). Loomweave Carpets is generating large volumes of yarn offcuts, using heavy 
amounts of water and energy, and sending most of its waste to landfill — all of which raise costs (harming efficiency) 
and expose it to criticism from environmentally conscious buyers (harming effectiveness). Each of the three Rs could 
help. Reduce would involve using fewer inputs to make the same carpet — for example, redesigning cutting 
patterns so less yarn is trimmed off, and installing more efficient dyeing and washing equipment that uses less water 
and energy per roll. This offers the strongest gains: it prevents waste being created, so it saves the full cost of the 
materials, water and energy avoided (efficiency) and, because it visibly lowers resource use, it helps Loomweave meet 
the environmental expectations of its buyers (effectiveness). Reuse would involve using items again in their 
existing form — for example, moving wool on returnable pallets and crates and recirculating water through a 
closed-loop washing system — so the same items and water serve many production runs, cutting the volume of new 
inputs bought (efficiency) and the waste sent to landfill; this also supports reputation (effectiveness), though it applies 
mainly to items that remain serviceable. Recycle would involve reprocessing the yarn offcuts and trimmings — for 
example, shredding them back into fibre to be respun, or selling them to a textile recycler — turning waste it has 
already paid for into an input it would otherwise have to buy, and diverting it from landfill (efficiency), while 
producing carpet with recycled content that appeals to environmentally minded customers (effectiveness); however, 
recycling consumes energy to reprocess, so its efficiency gain is smaller than reduce or reuse. On balance, 
Loomweave should prioritise reduce, because preventing waste — especially cutting the heavy water and energy use 
in dyeing and washing — delivers the largest cost savings and the greatest environmental credibility, while reuse 
and recycle are then applied to the offcuts that remain. Following the reduce → reuse → recycle order lets 
Loomweave lift both efficiency and effectiveness and address the waste streams that are currently costing it the most. 
(Full marks require: accurate treatment of all three Rs; explicit links to both efficiency and effectiveness; application 
to Loomweave; and a justified recommendation.)

Q20. The Altona North plant is an application of the recycle strategy, because the used bottles are reprocessed — 
broken down and remade into food-grade resin — so the material changes form before it is used again as an input. 
This distinguishes it from reuse, where an item would be refilled and used again in its existing form. Efficiency: a 
beverage business that buys this recycled resin is substituting it for virgin and imported material, so every tonne of 
recovered resin is a tonne of new resin that no longer has to be brought into the supply chain; sourcing it from a 
plant in Melbourne’s west also cuts the business’s exposure to imported-resin supply and price swings. At the same 
time the bottles feeding the plant are diverted from landfill rather than dumped, lowering disposal and waste-levy 
costs across the supply chain. The same volume of bottled drinks is therefore packaged using fewer new resources, 
and less waste leaves the system, improving the input-to-output ratio. Effectiveness: selling drinks in packaging 
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made from recycled content helps the business meet the environmental expectations of customers and the 
community, strengthening its reputation and supporting objectives such as increasing market share and fulfilling a 
market and social need — particularly where a plant of this scale makes the claim credible and measurable. 
Limitation: recycling still consumes energy to reprocess the material and required a large upfront investment in the 
plant; food-grade recycled PET has also typically sold at a premium over virgin resin, so the efficiency gain here 
comes from recovering material and avoiding disposal costs rather than from a cheaper price per tonne. Recycling 
therefore sits below reduce and reuse in the hierarchy and the efficiency gain is smaller than avoiding the packaging 
waste altogether. ∴ the recycle strategy improves efficiency by recovering material that would otherwise be bought 
new or dumped, and effectiveness by strengthening environmental reputation, but it remains the least-preferred of the 
three Rs. (Full marks require: identification of recycle with reprocessing/change of form; a developed efficiency 
effect; a developed effectiveness effect; and application to the example.)
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Chapter 8 Strategies to improve operations — 8E Lean management

Theory

Lean management is a systematic approach to operations that aims to maximise value for the customer while 
minimising waste — that is, using the least possible resources, time and effort to produce goods or services, without 
lowering quality. In lean thinking, “waste” is anything that consumes resources but adds no value for the 
customer (for example, unsold stock, waiting, excess movement, defects and rework). By stripping this waste out, 
lean management improves both dimensions of operations performance: efficiency (doing things with the least waste 
of resources, so cost per unit falls) and effectiveness (the degree to which the business achieves its objectives, so 
customers’ needs are met). The study design prescribes four lean principles used to improve the efficiency and 
effectiveness of operations — pull, one-piece flow, takt and zero defects.

Pull. Under a pull approach, production is triggered only by actual customer demand — an item is made because a 
customer has ordered it, so demand “pulls” the product through the operations system. This is the opposite of a “push” 
approach, where a business produces to a forecast in order to build up stock in anticipation of demand. Because 
nothing is made until it is needed, pull directly attacks overproduction — regarded in lean thinking as the most 
serious waste, because making goods that have not been ordered ties up materials, labour, cash and storage space in 
stock that may never sell.

 Efficiency: resources are not wasted producing and storing unsold inventory, so materials, labour, cash and 
warehouse space are used only on goods that are actually wanted — lowering holding costs and waste.

 Effectiveness: because output responds to genuine demand, the business is far less likely to be left with 
obsolete or unwanted stock, and production stays aligned with what customers actually want.

One-piece flow. Under one-piece flow (continuous flow), items move through the production process one unit at a 
time, each item completing a step before moving straight to the next, rather than being processed in large batches that 
move together from stage to stage. The product flows smoothly and continuously through the system.

 Efficiency: very little work-in-progress inventory sits waiting between workstations, and if a defect appears it 
is detected after a single item rather than after a whole batch has been spoiled — so less material, handling 
and waiting are wasted and lead times shorten.

 Effectiveness: problems are spotted and corrected immediately rather than at the end of a batch, so quality is 
higher, and products can move through and reach customers faster, improving responsiveness and satisfaction.
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Reading the two schedules (the figure above). Both panels do exactly the same work — six items through three 
workstations at one minute each — and differ only in the transfer rule. Under batch, nothing advances until the 
whole batch has cleared a station, so the first finished unit appears at 13 minutes and the last at 18. Under one-piece 
flow each item moves on as soon as its station is finished with it, so the first unit is out at 3 minutes and the last at 8 
— the same six items, 10 minutes sooner. The quality consequence is on the same picture: a defect discovered at the 
last station has spoiled all six items under batch, because all six were made before anyone looked, but only one under 
one-piece flow.

Takt. Takt sets the pace of production to match the rate of customer demand (the word comes from the German 
for “beat” or “rhythm”). The takt time is the time that should elapse between completing one unit and the next in 
order to exactly keep up with demand, and is found by dividing the available production time by the number of units 
customers require in that period. For example, a plant with 480 minutes of production time in a day and demand for 
240 units would set a takt time of two minutes per unit (480 divided by 240) — completing one unit every two 
minutes keeps output perfectly in step with demand, neither faster nor slower.

 Efficiency: producing exactly to the beat of demand prevents overproduction (making faster than customers 
buy, which builds excess stock) while also avoiding idle, underused resources (making slower than 
demand); the workflow is smooth and evenly paced, so resources are used steadily without bottlenecks or 
surges.

 Effectiveness: output is synchronised with demand, so the business consistently meets customer demand on 
time — it is neither caught short (missing sales and disappointing customers) nor swamped with unwanted 
stock.

Zero defects. The zero defects principle is the aim of producing no faulty items at all — “getting it right the first 
time” by building quality into every step, rather than accepting a “tolerable” level of defects and inspecting them out 
later. It treats every defect as preventable and uses continuous improvement to steadily drive faults towards zero.

 Efficiency: eliminating defects removes the waste of rework, scrap, re-inspection and returns, so materials 
and labour are not consumed correcting or remaking faulty output — the same resources produce more 
saleable product.

 Effectiveness: customers consistently receive fault-free goods that meet their expectations, protecting 
satisfaction and reputation and helping the business achieve objectives such as market share and repeat 
custom.

Keep straight.

 Pull is a lean principle; Just in Time is a materials strategy. Pull is a principle of lean management (8E) 
about triggering production only when there is real demand. Just in Time (JIT, 8B) is a materials-
management strategy about having inputs and materials delivered exactly when they are needed for 
production, so little or no stock of materials is held. They are related — JIT is one way a business puts the pull 
idea into practice on the inputs side — but pull is about what pulls production, while JIT is about how 
materials arrive. Do not treat them as the same thing.
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 One-piece flow vs batch. In batch production, large quantities move together and a defect may not be 
discovered until the whole batch is finished — spoiling the entire batch and building up work-in-progress. 
One-piece flow moves items one at a time, so faults are caught immediately and inventory between stages is 
minimal.

 Takt is the pace of demand, not the maximum speed. Takt sets production to run at the rate customers are 
buying — deliberately not as fast as the machinery could go. Running faster than takt just creates 
overproduction; running slower fails to meet demand.

 Zero defects vs Total Quality Management. Zero defects is one of the four lean principles (8E) — a 
specific target of no faults. Total Quality Management (8C) is a whole quality strategy: an organisation-
wide culture of continuous improvement. They share the idea of building quality in, but zero defects is the 
goal within lean, while TQM is the broader quality-management approach.

 Efficiency vs effectiveness are different measures. Efficiency is about how well resources are used (least 
waste, lowest cost per unit); effectiveness is about how well objectives are met (customer needs satisfied). 
Each lean principle can improve both, but in an answer you must say which effect is which — examiners 
penalise blurring the two.

Contemporary example — PACCAR Australia, June 2026

PACCAR Australia is a heavy-vehicle manufacturer whose Bayswater plant, in Melbourne’s outer east, has designed 
and assembled Kenworth trucks since 1971.

On 19 June 2026, at an all-employee event at the Bayswater factory, PACCAR handed over the 90,000th Kenworth 
built in Australia — a T909 — to Geelong-based transport operator McColls Transport. Reporting on the milestone 
described the plant’s approach of building each truck to suit the particular application and operating environment it 
has been ordered for, rather than assembling identical units to a forecast.

That approach is the pull principle in practice. A truck enters the line because a customer has ordered it and specified 
it, so actual customer demand — not a forecast — triggers production; nothing is “pushed” into a yard of finished 
stock in the hope a buyer appears. For a product as large and as costly as a prime mover, this attacks overproduction 
directly: the materials, labour, cash and storage space that a completed but unsold truck would tie up are never 
committed in the first place, improving efficiency. It also supports effectiveness, because each unit coming off the 
line matches a specification a customer has actually asked for, so the business is not left holding trucks configured for 
work nobody wants.

Source: Prime Mover Magazine, Kenworth reaches 90,000-truck milestone, 25 June 2026 — 
https://primemovermag.com.au/kenworth-reaches-90000-truck-milestone. Accurate as at July 2026.

Worked examples

Example 1 — scaffolded

Harbourline Prints is a poster manufacturer that prints large runs of each design to build up a warehouse of stock in 
the hope it will sell, but it regularly writes off unsold posters. Identify the lean principle that would address this and 
explain how it improves the efficiency and the effectiveness of operations.

Working Comment

Producing to build up stock in the hope of selling it is a 
“push” approach; making items only in response to 
actual customer orders is the pull principle.

Match the described problem (producing for stock) to 
the principle that fixes it.

Efficiency: printing only what customers have ordered 
means materials, ink, labour and storage are not wasted 
on posters that are written off, lowering waste and 
holding costs.

State the efficiency effect explicitly 
(resources/waste/cost).

Effectiveness: production responds to genuine demand, 
so Harbourline is far less likely to be left with unwanted 
stock and its output stays aligned with what customers 

State the effectiveness effect explicitly 
(objectives/customer needs).
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Working Comment

actually want.

∴ adopting pull improves efficiency by cutting wasted 
resources on unsold stock and effectiveness by keeping 
output matched to real demand.

Draw the two-part conclusion.

Example 2 — scaffolded

Distinguish between the pull principle and Just in Time.

Working Comment

Pull is a lean-management principle: production is 
triggered only by actual customer demand, so goods 
are made when they are ordered rather than to build up 
stock.

Give the first term’s meaning fully.

Just in Time is a materials-management strategy: 
inputs and materials are delivered exactly when they 
are needed for production, so little or no stock of 
materials is held.

Give the second term’s meaning fully.

The key difference is what each governs: pull decides 
what triggers production (real demand), while JIT 
decides how and when materials arrive; they are 
related but not the same.

Name the point of difference — a “distinguish” needs 
both terms and the contrast.

Example 3 — unscaffolded

Explain how the one-piece flow principle can improve both the efficiency and the effectiveness of a business’s 
operations.

Under one-piece flow, items move through production one unit at a time rather than in large batches. It improves 
efficiency because very little work-in-progress waits between workstations and, crucially, a fault is discovered after 
only a single item rather than after a whole batch has been spoiled — so far less material, handling and rework is 
wasted and lead times shorten. It improves effectiveness because problems are detected and corrected immediately, 
keeping quality high, and because products flow through and reach customers faster, improving responsiveness and 
customer satisfaction. ∴ one-piece flow lifts efficiency by cutting work-in-progress and batch spoilage and 
effectiveness by catching faults at once and speeding delivery.

Example 4 — unscaffolded

A manager states, “Aiming for zero defects is unrealistic, so there is no point pursuing it.” Evaluate this statement.

The statement is partly valid but overstated. It is true that achieving literally zero faults is extremely difficult, and 
that chasing perfection can involve real costs in training, monitoring and process redesign, so in a narrow sense the 
target may never be fully reached. However, the conclusion that there is “no point” pursuing it is a weak one. 
Treating zero defects as the goal drives continuous improvement and a “right first time” mindset that steadily 
reduces faults; each defect prevented removes the waste of rework, scrap and returns (improving efficiency) and 
means customers receive reliable, fault-free products (improving effectiveness and protecting reputation). A business 
that instead accepts a “tolerable” defect rate simply builds that waste and customer dissatisfaction into its operations. 
∴ while perfect zero defects may be an ideal rather than a certainty, pursuing it is worthwhile because the continuous 
improvement it drives lowers waste and raises quality — abandoning the aim would be a mistake.

Practice questions

Scaffolded

Q1. Define the term lean management.

Q2. List the four lean-management principles prescribed in the study design.
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Q3. For each of the following, name the lean principle being described: (a) items move through production one unit at 
a time rather than in large batches; (b) production is triggered only by actual customer demand rather than to build up 
stock; (c) the business aims to produce no faulty items at all.

Q4. Explain what is meant by takt (takt time) and how the pace of production relates to customer demand.

Q5. A bakery bakes in large batches and often has to discard a whole tray when one fault is found. (a) Identify the lean 
principle that would move it away from large batches. (b) Explain one way that principle would reduce waste.

Q6. Explain the difference between the pull principle (a lean-management principle) and Just in Time (a materials-
management strategy).

Unscaffolded

Q7. Describe the pull principle of lean management. (2 marks)

Q8. Distinguish between one-piece flow and batch production. (4 marks)

Q9. Explain how the zero defects principle can improve the efficiency of a business’s operations. (3 marks)

Q10. Outline one advantage and one disadvantage of adopting a pull approach to production. (4 marks)

Q11. Explain how setting production to takt time improves both the efficiency and the effectiveness of operations. (4 
marks)

Q12. Analyse how adopting one-piece flow could affect a manufacturer’s ability to achieve its business objectives. (6 
marks)

Q13. Case study. Bright Spark Bicycles assembles bicycles. It builds large batches of each model to a sales forecast, 
and its warehouse is filling with unsold bikes. Faults are only found at a final inspection once a whole batch is 
complete, so entire batches must be reworked. (a) Identify the lean principle that would reduce the build-up of unsold 
bicycles. (1 mark) (b) Analyse one problem the current produce-to-forecast approach is creating for Bright Spark. (3 
marks) (c) Propose a lean principle that would help Bright Spark detect faults earlier, and justify your 
recommendation. (4 marks)

Q14. Explain how the lean principle of zero defects differs from Total Quality Management. (3 marks)

Q15. Discuss the use of lean management as a strategy to improve a business’s operations. (6 marks)

Q16. Compare the pull principle and the takt principle. (4 marks)

Q17. Evaluate the adoption of the zero defects principle by a small manufacturer. (6 marks)

Q18. A furniture manufacturer switches from large-batch production to one-piece flow, but finds that daily output has 
fallen and some machines now sit idle. Explain why the change may be causing these problems, and recommend how 
the business could respond. (4 marks)

Q19. Extended response. Nimbus Kettles manufactures electric kettles. It is struggling with high storage costs from 
unsold stock, faults that are not caught until the end of long production runs, and an inability to keep pace with 
fluctuating customer demand. Analyse how pull, one-piece flow, takt and zero defects could each improve the 
efficiency and effectiveness of Nimbus Kettles’ operations, and recommend which principle the business should 
prioritise. (10 marks)

Q20. On 19 June 2026, PACCAR Australia delivered the 90,000th Kenworth built at its Bayswater plant — a T909 
— to McColls Transport, a truck built to that customer’s own specification rather than assembled to a sales forecast. 
Analyse how building trucks to customer order reflects the pull principle, and how this affects the efficiency and the 
effectiveness of PACCAR’s operations. (6 marks)
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Answers

Q1. A systematic approach to operations that maximises value for the customer while minimising waste, using the 
least resources without lowering quality. Q2. Pull; one-piece flow; takt; zero defects. Q3. (a) one-piece flow; (b) pull; 
(c) zero defects. Q4. Takt sets the pace of production to match the rate of customer demand; takt time = available 
production time divided by units demanded, so the line runs neither faster nor slower than customers buy. Q5. (a) 
One-piece flow. (b) It moves items one at a time, so a fault spoils only a single item rather than a whole tray/batch, 
reducing wasted materials. Q6. Pull = production is triggered by actual customer demand (a lean principle); JIT = 
materials are delivered exactly when needed so little stock is held (a materials strategy). Related but different. Q7. 
Model response in solutions. Q8. One-piece flow = one unit at a time, faults caught per item, low work-in-progress; 
batch = large quantities together, faults may spoil a whole batch, high work-in-progress. See solutions. Q9. Preventing 
defects removes rework, scrap and returns, so fewer resources are wasted. See solutions. Q10. Advantage: no 
resources wasted on unsold stock. Disadvantage: little buffer stock, so a demand spike or supply delay can cause 
stockouts/lost sales. See solutions. Q11. Efficiency: avoids both overproduction and idle resources (smooth, even 
pace). Effectiveness: output synchronised with demand, so demand is met on time. See solutions. Q12. Analyse the 
causal chain one-piece flow → less work-in-progress + faults caught early + shorter lead times → higher efficiency 
and effectiveness → objectives (profit, market share). See solutions. Q13. (a) Pull. (b) e.g. producing to forecast 
overproduces, tying cash, materials and space in unsold bikes → lower efficiency. (c) One-piece flow, justified (faults 
caught per unit not per batch). See solutions. Q14. Zero defects = one of the four lean principles (a target of no faults); 
TQM = a whole quality strategy (organisation-wide continuous-improvement culture). See solutions. Q15. Discuss 
advantages (less waste, better quality, responsiveness) and disadvantages (little buffer, disruption risk, cultural 
change/cost). See solutions. Q16. Both are lean principles that reduce waste by aligning production with demand; pull 
governs what triggers production (actual demand), takt governs the pace/rhythm of production (the beat of demand). 
See solutions. Q17. Evaluate — strengths (drives continuous improvement, cuts rework/returns, protects reputation) 
vs weaknesses (cost of monitoring/training, perfection hard for a small firm); reach a judgement. See solutions. Q18. 
One-piece flow can lower throughput and leave machines idle if the line is unbalanced/not paced; recommend 
balancing the line to takt so each step keeps pace. See solutions. Q19. Model response in solutions. Q20. Building 
only against a placed, specified order = production triggered by actual demand (pull), not a forecast (push), so 
overproduction is avoided. Efficiency: no materials, labour, cash or yard space tied up in unsold trucks. Effectiveness: 
every unit matches a specification a customer has asked for. See solutions.

Fully-worked solutions

Q7. The pull principle is a lean-management approach in which production is triggered only by actual customer 
demand — an item is made because a customer has ordered it, so demand “pulls” the product through the operations 
system rather than the business producing to a forecast to build up stock. This avoids overproduction and the holding 
of unsold inventory.

Q8. Under one-piece flow, items are processed one unit at a time, moving straight from one step to the next; work-
in-progress between stations is minimal and a fault is detected after a single item. Under batch production, large 
quantities are processed and moved together, so work-in-progress builds up and a fault may not be discovered until 
the whole batch is finished, spoiling the entire batch. The two therefore differ in flow unit (one item vs a large batch) 
and in when faults are caught and how much inventory accumulates (immediately, with little stock, vs late, with 
much stock).

Q9. The zero defects principle improves efficiency because it aims to produce no faulty items by building quality in 
and “getting it right the first time”. When defects are prevented rather than produced, the business no longer wastes 
materials and labour on rework, scrap, re-inspection and returns, so the same resources yield more saleable 
output — a clear gain in efficiency (less waste for each unit of usable production).

Q10. Advantage: a pull approach means the business only produces what has actually been ordered, so it does not 
waste materials, labour, cash or storage on unsold stock, and overproduction is avoided. Disadvantage: because little 
or no buffer (finished-goods) stock is held, the business has little cushion against a sudden surge in demand or a 
supply disruption, so it risks stockouts and lost sales if it cannot ramp up production quickly enough.
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Q11. Setting production to takt time means producing at the rate customers are actually buying (takt time = 
available production time divided by units demanded). This improves efficiency because the business avoids 
overproduction (making faster than demand, which builds excess stock) and avoids idle, underused resources 
(making slower than demand); the workflow is smooth and evenly paced, so resources are used steadily without 
surges or bottlenecks. It improves effectiveness because output is synchronised with demand, so the business 
consistently meets customer demand on time — neither falling short and losing sales nor producing unwanted stock. 
Takt therefore keeps resource use efficient and delivery aligned with what customers need.

Q12. Adopting one-piece flow affects a manufacturer’s ability to achieve its objectives through a chain of causal 
effects. Because items move one at a time, work-in-progress inventory between stations falls and faults are detected 
after a single unit rather than a whole batch; this reduces wasted materials, rework and handling and shortens lead 
times, which lifts efficiency and lowers cost per unit, supporting the objective of making a profit and improving 
efficiency. At the same time, catching faults immediately keeps quality high and delivering faster improves 
responsiveness to customers, raising effectiveness and supporting objectives such as increasing market share and 
meeting customer needs, as satisfied customers return. There can be a trade-off — a poorly balanced one-piece-flow 
line may initially produce fewer units per hour than large-batch running — but the overall relationship runs one-piece 
flow → less waste and faster, higher-quality output → greater efficiency and effectiveness → better achievement of 
objectives.

Q13. (a) Pull — producing only in response to actual customer demand. (b) By building large batches to a forecast 
rather than to real orders, Bright Spark is overproducing: bicycles that customers have not ordered pile up in the 
warehouse, so cash, materials, labour and storage space are tied up in unsold stock that may have to be discounted or 
written off. This makes operations less efficient (resources are consumed producing goods that generate no sale) and, 
if models become outdated, less effective too — a direct consequence of producing to forecast rather than to demand. 
(c) Bright Spark should adopt one-piece flow. Instead of assembling a whole batch before any inspection, bikes would 
move through assembly one at a time, so a fault is detected after a single bicycle rather than after an entire batch. 
This is justified because the business’s specific problem is that faults are only found once a whole batch is 
complete, forcing costly rework of entire batches; moving to one-piece flow means faults are caught immediately, 
sharply reducing rework and wasted materials while improving the quality of what reaches customers.

Q14. Zero defects is one of the four principles of lean management — a specific target of producing no faulty 
items, achieved by building quality in and “getting it right the first time”. Total Quality Management is a much 
broader quality-management strategy: an organisation-wide culture of continuous improvement in which every 
employee takes responsibility for quality and the whole business focuses on the customer. They overlap in aiming to 
build quality in, but zero defects is a goal within lean production, whereas TQM is a whole approach to managing 
quality across the organisation.

Q15. Lean management — minimising waste while maximising customer value through principles such as pull, one-
piece flow, takt and zero defects — has both advantages and disadvantages as a way to improve operations. 
Advantages: it cuts waste of materials, stock, time and rework, lowering costs (efficiency); it improves quality and 
responsiveness by catching faults early and matching output to demand (effectiveness); and it frees up cash and space 
previously tied in inventory. Disadvantages: running with little buffer stock leaves the business exposed to demand 
spikes or supply disruptions, which can cause stockouts; and adopting lean requires cultural change, training and 
disciplined processes, which take time, money and management commitment before the benefits appear. Overall, 
lean management is well suited to a business seeking sustained gains in efficiency and quality, provided it can manage 
the reduced buffer and invest in the change.

Q16. Similarities: both pull and takt are lean-management principles that reduce waste (especially overproduction) 
by tying production to customer demand rather than to internal forecasts or maximum machine speed. Differences: 
pull governs what triggers production — an item is made only when there is actual demand for it, so nothing is 
produced to build up stock; takt governs the pace or rhythm of production — it sets how fast items should be 
completed (takt time) so that the rate of output exactly matches the rate of demand. In short, pull answers whether to 
produce (demand present or not), while takt answers how fast to produce (the beat of demand).

Q17. Adopting the zero defects principle has genuine strengths and weaknesses for a small manufacturer. Strengths: 
aiming for no faults drives continuous improvement and a “right first time” culture that cuts the waste of rework, 
scrap and returns (efficiency) and means customers receive reliable, fault-free products, protecting the small firm’s 
reputation in a market where word of mouth matters (effectiveness). Weaknesses: pursuing near-perfection can 
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require investment in training, monitoring and better processes that a small manufacturer may find costly, and 
literally zero defects may be unattainable, so effort past a point may yield little extra. Judgement: on balance, adopting 
zero defects is worthwhile for a small manufacturer, because the reduction in waste and the protection of reputation 
typically outweigh the monitoring costs — provided the business treats it as a direction of continuous improvement 
rather than an absolute that must be reached immediately. Its value is therefore high, but realised gradually.

Q18. Switching to one-piece flow may be causing these problems because the production line has not been balanced 
and paced to demand. When items move one at a time, the slowest step sets the rate for the whole line, so if the 
steps are unequal, faster machines finish and then sit idle waiting for the bottleneck — which both lowers daily 
output and leaves some machines underused. The manufacturer should balance the line and pace it to takt time: 
redistribute or resource the tasks so each step takes a similar time and the line completes a unit at the rate of customer 
demand. This keeps the quality and low-inventory benefits of one-piece flow while removing the idle time and 
restoring throughput. (If demand genuinely exceeds what a single-piece line can supply, additional capacity at the 
bottleneck may also be needed.)

Q19. Model response (10 marks). Nimbus Kettles faces three operations problems — high storage costs from unsold 
stock, faults caught only at the end of long runs, and difficulty keeping pace with fluctuating demand — each of which 
harms efficiency (wasted resources) and effectiveness (unmet customer needs). Each lean principle addresses part of 
this. Pull would trigger production only in response to actual orders rather than to a forecast, so Nimbus stops 
overproducing kettles that sit unsold; this lifts efficiency by freeing the cash, materials and warehouse space currently 
tied in stock, and effectiveness by keeping output aligned with genuine demand. One-piece flow would move kettles 
through assembly one at a time instead of in long runs, so a fault is detected after a single unit rather than a whole 
run; this improves efficiency by slashing rework and scrap and effectiveness by raising quality and shortening lead 
times. Takt would set the pace of production to the rate of demand, so Nimbus produces neither faster than 
customers buy (adding to the stock problem) nor slower (missing sales); this improves efficiency through smooth, 
evenly paced resource use and effectiveness by meeting fluctuating demand on time. Zero defects would target no 
faults at all, building quality in so that the end-of-run failures disappear; this improves efficiency by removing rework 
and returns and effectiveness by ensuring customers receive reliable kettles, protecting reputation. Because Nimbus’s 
most costly and immediate problem is the unsold stock and the storage cost it generates — the root of which is 
producing to forecast — the business should prioritise the pull principle, ideally paced by takt, to stop 
overproduction first; it can then build in one-piece flow and zero defects to attack the quality and lead-time problems. 
On balance, adopting the lean principles together would substantially improve both the efficiency and effectiveness of 
Nimbus’s operations, with pull the logical first step. (Full marks require: accurate treatment of all four principles; 
explicit links to both efficiency and effectiveness; application to Nimbus Kettles; and a justified recommendation.)

Q20. Building each truck to a customer’s own specification means an item is made because a customer has ordered 
it, so actual customer demand triggers production — this is precisely the pull principle, and the opposite of a push 
approach in which a manufacturer produces to a forecast to build up finished stock. The milestone T909 delivered on 
19 June 2026 was assembled for an order already placed by McColls Transport, not drawn from a yard of completed 
trucks waiting for a buyer. The effect on efficiency is that overproduction — the most serious lean waste — is 
avoided: the materials, labour, cash and storage space that a completed but unsold prime mover would tie up are never 
committed, and PACCAR does not risk discounting or writing off trucks configured for work nobody has ordered, so 
resources are consumed only on saleable output. The effect on effectiveness is that every unit leaving the line matches 
a specification a customer has actually requested for its own application and operating environment, so output stays 
aligned with genuine customer needs rather than with a forecast that may prove wrong — supporting objectives such 
as customer satisfaction and repeat custom. A trade-off is that with little or no finished-goods buffer, a customer must 
wait for a build slot rather than collect from stock, and lead times depend on the plant’s capacity. ∴ building to order 
is a clear application of pull, lifting efficiency by eliminating the waste of unsold inventory and effectiveness by 
matching every truck produced to real, specified demand.
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