R for HTA (Basics) Workshop 2026  |  Session 5: Markov Modelling Worksheet
Markov Modelling: Pen-and-Paper Worksheet
Build intuition before you code — 15 minutes, 4 tasks
Instructions: Fill in the yellow (shaded in BW print) cells. Use a calculator only for Task 3. Everything else is mental arithmetic. Answers at the back.
Task 1: Build the Transition Matrix (2 min)
A disease has 3 states: Healthy, Sick, and Dead. Each year:
  From Healthy: 20% become Sick, 10% die. The rest stay Healthy.
  From Sick: 30% die. The rest stay Sick. (No recovery.)
  Dead is absorbing — probability 1.0 of staying Dead.
Fill in the yellow cells. Each row must sum to 1.0.
	From \ To
	Healthy
	Sick
	Dead
	Row Sum

	Healthy
	
	0.20
	0.10
	

	Sick
	0
	
	0.30
	

	Dead
	0
	0
	
	


Task 2: Matrix Multiplication — The Handshake (10 min)
We start with 100 patients, all Healthy: state vector = [ 100,  0,  0 ].

Dimension rule: (1×3) × (3×3) = (1×3). The inner dimensions (3 = 3) must match.

To compute one cell of the result:
1. Take the row from the state vector and the corresponding column from the TM.
2. Stand them side-by-side. Multiply each facing pair.
3. Add all the products. That sum = the result cell.

Here is the full picture for Cycle 0 → 1:

[ 100  0  0 ]  ×  [ 0.70  0.20  0.10 ]  =  [ ?    ?    ? ]
[ 0       0.70  0.30 ]
[ 0       0       1.00 ]

Worked example: "Healthy" at Cycle 1
Take the state vector row and the TM’s Healthy column. Stand them face-to-face:
	
	State Vector
	
	TM "Healthy"
	
	Product

	Healthy
	100
	×
	0.70
	=
	70

	Sick
	0
	×
	0
	=
	0

	Dead
	0
	×
	0
	=
	0

	
	
	
	
	SUM =
	70


→ 70 patients remain Healthy. Only the first pair was non-zero.



Your turn: "Sick" at Cycle 1
	
	State Vector
	
	TM "Sick"
	
	Product

	Healthy
	100
	×
	0.20
	=
	

	Sick
	0
	×
	0.70
	=
	

	Dead
	0
	×
	0
	=
	

	
	
	
	
	SUM =
	



Your turn: "Dead" at Cycle 1
	
	State Vector
	
	TM "Dead"
	
	Product

	Healthy
	100
	×
	
	=
	

	Sick
	0
	×
	
	=
	

	Dead
	0
	×
	
	=
	

	
	
	
	
	SUM =
	



Record your Cycle 1 results. Does the row total 100?
	Cycle
	Healthy
	Sick
	Dead
	Total

	0
	100
	0
	0
	100

	1
	
	
	
	



Cycle 1 → 2: Now it gets interesting!
Use your Cycle 1 state vector. Multiple entries are non-zero, so the dot products have real additions.

Compute: "Healthy" at Cycle 2
	
	State Vector
	
	TM "Healthy"
	
	Product

	Healthy
	___
	×
	0.70
	=
	

	Sick
	___
	×
	0
	=
	

	Dead
	___
	×
	0
	=
	

	
	
	
	
	SUM =
	



Compute: "Sick" at Cycle 2
	
	State Vector
	
	TM "Sick"
	
	Product

	Healthy
	___
	×
	0.20
	=
	

	Sick
	___
	×
	0.70
	=
	

	Dead
	___
	×
	0
	=
	

	
	
	
	
	SUM =
	


→ Notice: now TWO products are non-zero. Sick receives arrivals from Healthy AND retains some of its own.

Compute: "Dead" at Cycle 2
	
	State Vector
	
	TM "Dead"
	
	Product

	Healthy
	___
	×
	0.10
	=
	

	Sick
	___
	×
	0.30
	=
	

	Dead
	___
	×
	1.00
	=
	

	
	
	
	
	SUM =
	


→ Dead has THREE non-zero products — it collects from every living state plus retains its own.

Record your Cycle 2 results:
	Cycle
	Healthy
	Sick
	Dead
	Total

	1
	___
	___
	___
	100

	2
	
	
	
	


Sanity check: does the row total 100?

Cycle 2 → 3
Use your Cycle 2 state vector. Fill in the state vector values yourself from the trace above.

Compute: "Healthy" at Cycle 3
	
	State Vector
	
	TM "Healthy"
	
	Product

	Healthy
	___
	×
	0.70
	=
	

	Sick
	___
	×
	0
	=
	

	Dead
	___
	×
	0
	=
	

	
	
	
	
	SUM =
	



Compute: "Sick" at Cycle 3
	
	State Vector
	
	TM "Sick"
	
	Product

	Healthy
	___
	×
	0.20
	=
	

	Sick
	___
	×
	0.70
	=
	

	Dead
	___
	×
	0
	=
	

	
	
	
	
	SUM =
	



Compute: "Dead" at Cycle 3
	
	State Vector
	
	TM "Dead"
	
	Product

	Healthy
	___
	×
	0.10
	=
	

	Sick
	___
	×
	0.30
	=
	

	Dead
	___
	×
	1.00
	=
	

	
	
	
	
	SUM =
	



Record your Cycle 3 results:
	Cycle
	Healthy
	Sick
	Dead
	Total

	2
	___
	___
	___
	100

	3
	
	
	
	


Sanity check: does the row total 100? If not, recheck your handshakes!

Transfer all results into the complete Markov trace:
	Cycle
	Healthy
	Sick
	Dead
	Total

	0
	100
	0
	0
	100

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	




Task 3: Half-Cycle Correction & Discounting (4 min)
Half-cycle correction: Patients transition during the year, not instantly at the start. We approximate by averaging start and end of each cycle:
    HCC for cycle t  =  ( Cycle t−1  +  Cycle t ) / 2
Fill in the HCC row for Cycle 1 (use your trace from Task 2):
	
	Healthy
	Sick
	Dead

	Start of Cycle 1 (= Cycle 0)
	100
	0
	0

	End of Cycle 1 (= Cycle 1)
	70
	20
	10

	HCC = average
	
	
	



Discounting: Future costs/health are worth less than today’s. At 3% discount rate:
    Discount factor for cycle t  =  1 / (1 + 0.03)t
Compute the discount factors (round to 4 decimal places):
	Cycle
	Calculation
	Discount Factor

	0
	1 / (1.03)⁰ = 1 / 1
	1.0000

	1
	1 / (1.03)¹ = 1 / 1.03
	

	2
	1 / (1.03)² = 1 / 1.0609
	



Task 4: Cost-Effectiveness (3 min)
Use these costs and utilities to compute totals for Cycle 1 (use your HCC values from Task 3):
	State
	Annual Cost
	Utility (QALY wt)

	Healthy
	₹10
	0.90

	Sick
	₹50
	0.50

	Dead
	₹0
	0.00



Cycle 1 cost = (HCC Healthy × ₹10) + (HCC Sick × ₹50) + (HCC Dead × ₹0)
	Cycle 1 total cost (undiscounted)
	

	Cycle 1 total QALYs (undiscounted)
	

	Cycle 1 discounted cost (× discount factor)
	



Reflection
Without calculating, which change would increase total cost more over 20 years: doubling the Sick cost or doubling the Healthy→Sick probability? Why?

Your reasoning: ____________________________________________________________
____________________________________________________________
____________________________________________________________


Answer Key
Task 1:
  Healthy stay = 1 − 0.20 − 0.10 = 0.70.  Sick stay = 1 − 0.30 = 0.70.  Dead stay = 1.0.  All row sums = 1.0.
Task 2:
  Cycle 1: Healthy = 70, Sick = 20, Dead = 10.
  Cycle 2: Healthy = 49, Sick = 28, Dead = 23.  Total = 100.
    Healthy: 70×0.70 + 20×0 + 10×0 = 49
    Sick: 70×0.20 + 20×0.70 + 10×0 = 14 + 14 = 28
    Dead: 70×0.10 + 20×0.30 + 10×1.0 = 7 + 6 + 10 = 23
  Cycle 3: Healthy ≈ 34.3, Sick ≈ 29.4, Dead ≈ 36.3.  Total = 100.
    (Accept rounding: 34/29/37 or 34/30/36 are fine.)
Task 3:
  HCC Cycle 1: Healthy = (100+70)/2 = 85,  Sick = (0+20)/2 = 10,  Dead = (0+10)/2 = 5
  Discount factors: Cycle 1 = 0.9709,  Cycle 2 = 0.9426
Task 4:
  Cycle 1 cost = (85 × ₹10) + (10 × ₹50) + (5 × ₹0) = ₹850 + ₹500 = ₹1,350
  Cycle 1 QALYs = (85 × 0.90) + (10 × 0.50) + (5 × 0.00) = 76.5 + 5.0 = 81.5
  Discounted cost = ₹1,350 × 0.9709 ≈ ₹1,311
Reflection:
  Doubling the transition probability has a larger cascading effect — it changes the trace for ALL future cycles (more patients accumulate in the expensive Sick state). Doubling the cost only scales the current occupancy. This is why sensitivity analysis on transition probabilities is critical in HTA.
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