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CHALLENGES IN HEALTHCARE (pre-COVID)

Overtime
$968 million/year

Absenteeism
$989 million/year

Injury
Healthcare is #1 in lost-time injuries

(including WMSD) 

Burnout
71% Nurses experienced burnout once

Missed Care
25-31 tasks 

(2-2.9 hrs./12 hr. shift)

Nursing work is….

• Complex
• Irregular
• Dynamic
• Physically + Psychosocially 

demanding

• Difficult to analyze with 
conventional Human Factors 
methods

Picture Source:   Nursing Times
https://www.nursingtimes.net/roles/nurse-managers/twelve-hour-shifts-burnout-or-job-satisfaction-21-03-2016/
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SYSTEM 
DESIGN 

AND 
POLICIES 

NURSE WORKLOAD

CARE 
QUALITY

NURSE
WELLBEING

DISCRETE EVENT SIMULATION (DES)
• Process of representing complex structures of a system as a 

sequence of ordered events and stages, in which the 
variable(s) change at a discrete set of points

• Proven as a successful tool in other fields:
• Manufacturing
• Aerospace 
• Service Industries

…

• Develop an approach to creating “valid” computerized 
simulation model 

• Quantify the effects of operational decisions on 
• Nurse Workload 

• Biomechanical load and MSD risk
• Mental workload and Psychosocial implications
• Physical workload

• Quality of Care

• Examine pandemic impacts

PATIENT CARE DATA

IN-PATIENT 
UNIT LAYOUT

NURSE WALKING 
PATTERNS

NURSING CARE 
DELIVERY LOGIC

TASK PRIORITY RANK 
SEQUENCE

HEALTHCARE SYSTEM
Design & Policies

DISCRETE 
EVENT 

SIMULATION 
(DES)

MODEL

• Multiple Focus groups
• n= 23 RNs 
• Range of experience = 2 to 23 years
• Two different care delivery logic developed
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NURSE MOVEMENT

DIRECT CARE TIME

CUMULATIVE DISTANCE WALKED

PATIENT CARE DATA

IN-PATIENT UNIT LAYOUT

NURSE WALKING PATTERNS

NURSING CARE DELIVERY 
LOGIC

TASK PRIORITY RANK 
SEQUENCE

CARE  QUAL ITY

HEALTHCARE SYSTEM
Design & Policies

TOTAL MISSED CARE

MISSED CARE DELIVERY TIME

% DIVISION OF MISSED CARE

MENTAL WORKLOAD

CARE TASK WAITING TIME

NU RSE  WORKLOAD

O
U

T
P

U
TI

N
P

U
T

DISCRETE 
EVENT 

SIMULATION 
(DES)

MODEL

✓ Validates this indicator

Overall Intra-class Correlation (ICC) = 0.97
Overall Intra-class Correlation (ICC) = 0.99

✓ Validates this indicator
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Findings consistent with the  study of hospitals across 12 European countries (Ausserhofer et al., 2017)
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BIOMECHANICAL LOAD MISSING?
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PHYSICAL 
WORKLOAD

(for all care tasks)

MENTAL WORKLOAD

NURSE MOVEMENT

CUMULATIVE DISTANCE WALKED

CARE Q UALI TY

DISCRETE 
EVENT 

SIMULATION 
(DES)

MODEL

TOTAL MISSED CARE

MISSED CARE DELIVERY TIME

% DIVISION OF MISSED CARE

DIRECT CARE TIME

CARE TASK WAITING TIME

NU RSE  WORKLOAD

PEAK & CUMULATIVE L4/L5 
COMPRESSION & MOMENT

O
U

T
P

U
TI

N
P

U
T

PATIENT CARE DATA

IN-PATIENT UNIT LAYOUT

NURSE WALKING PATTERNS

NURSING CARE 
DELIVERY LOGIC

TASK PRIORITY RANK 
SEQUENCE

HEALTHCARE SYSTEM
Design & Policies

PHYSICAL WORKLOAD*
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…. and then COVID-19 happened 

Burnout
71% RPNs at 
breaking point

NEWER CHALLENGES 
IN HEALTHCARE

Global Nurse 
Shortage 

13M nurses needed!

HCP Deaths

&

Suicides

Sources: International Council of Nurses (2021); 

WeRPN (2021); RNAO (2021)

Turnover
8.4% retire

Turnover
8.4% retire

Deteriorating 
Profession

7.2% leave nursing

Deteriorating 
Profession

7.2% leave nursing

• COVID-19 patient bed assignment Nurse-patient ratio = 1:5

COVID-19 
NEGATIVE patient(s)

(5 → 0)

COVID-19 
POSITIVE patient(s)

(0 → 5) 
+

Example: 1 RN assigned to: 2 COVID- & 3 COVID+ patients

21 22

23 24



2022-07-14

7

PATIENT CARE DATA

IN-PATIENT 
UNIT LAYOUT

PHYSICAL 
WORKLOAD*

NURSE WALKING 
PATTERNS

NURSING CARE 
DELIVERY LOGIC

HEALTHCARE SYSTEM
Design & Policies

DISCRETE 
EVENT 

SIMULATION 
(DES)

MODEL

• Multiple Focus groups
• n= 36 RNs
• Range of experience = 2 to 27 years
• Separate Focus groups for:

- Pre-COVID - During COVID-19

I
N

P
U

T

COVID-19 
IPAC ROUTINES

MENTAL WORKLOAD

DIRECT CARE TIME

CUMULATIVE DISTANCE WALKED

CARE Q UALI TY

DISCRETE 
EVENT 

SIMULATION 
(DES)

MODEL

TOTAL MISSED CARE

MISSED CARE DELIVERY TIME

% DIVISION OF MISSED CARE

DONNING & DOFFING

WAITING TIME

NU RSE  WORKLOAD

BIOMECHANICAL WORKLOAD

O
U

T
P

U
TI

N
P

U
T

PATIENT CARE DATA

IN-PATIENT UNIT LAYOUT

PHYSICAL WORKLOAD*

NURSE WALKING PATTERNS

NURSING CARE 
DELIVERY LOGIC

HEALTHCARE SYSTEM
Design & Policies

COVID-19 IPAC ROUTINES
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Sources: Karsek’s (1979) Job-Demand Control Model  - Figure illustration by Berlin & Adams (2017)

PSYCHOSOCIAL CONSIDERATIONS IMPLICATIONS (MSD Risk)
• Peak biomechanical load = ~ same

• Cumulative biomechanical load = Decreased

(due to IPAC routines)

• Psychosocial load = increased

• Nurses are spending up to ~6 hours donning and doffing

• Increased Mental Workload

IMPLICATIONS (cont.)
• Understand drivers of workload and care quality in current systems

• Nurse workload determined by patient assignment

• Nurse workload ->  Care Quality

• More COVID+ patient = More Missed Care and increased wait time

• Quantitative Decision-support tool to predict the impact of 

changes to HC system design 

• Avoid ‘magical’ thinking (policy vs. practice gaps)

• HC leaders interested + Seeing the value of this work

FUTURE MODEL USERS

• Policy makers

• Hospital managers

• Charge Nurses

• Architects

• Ergonomists

• Product Design / Engineers
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NEXT STEPS

• New model capability (coming soon!)
• Adding fatigue tracking capability inter-shift and intra-shift

• New contexts and settings:
• Test model in Emergency Departments (ED) 
• Continuing Complex Care 
• Economic analysis

Graduate Student Opportunity

Human Factors in Healthcare Systems Modelling

Human Factors Engineering (HFE) Lab
Department of Mechanical and Industrial Engineering

Interested candidates, please email: 
Dr. Patrick Neumann – Pneumann@Ryerson.ca

Funding Partners
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