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Cognitive Load
A Review of Current Literature
Kel ly Hale,  PhD    •     Emi ly Weeden

Introduction

Emergency call centers are safety critical systems. Any failure in the system can 
lead to loss of life or damage to infrastructure (Knight, 2002). Dispatchers hold a 
significant role in emergency response as gateways to responders and resources. 
Dispatchers gather critical incident information from individuals on scene, which 
presents a challenge as these individuals are often in active distress and cannot 
provide completely accurate information. Furthermore, they are responsible for 
continued communications to emergency response personnel as an event unfolds, 
updating incident and response details fluidly to document and provide shared 
awareness to all involved. Due to the criticality of their task, it is essential that 
dispatcher tools and systems support an efficient workflow that does not hinder or 
add unnecessary cognitive burden to their work. Such hindrances combined with 
sheer information volume can result in significant errors to emergency response 
planning and execution. In this report, we provide an introduction to cognitive load, 
including defining workload in terms of psychological models, identifying dispatch 
tasks that combine to impact workload, and demonstrated methods to quanitify 
and qualify workload in a dynamic task environment. In addition,  this report reviews 
cognitive aspects of the dispatcher role, and identifies qualitative and quantitative 
metrics that can be instrumented to evaluate dispatcher load, which may be used 
to identify potential cause(s) of cognitive overload.

Cognitive Load

Cognitive Load is a term that describes how much mental effort is needed to work 
on a task. The mind has a finite amount of attention and information processing 
capacity it can give at any time, and cognitive load helps to describe how much of 
those resources are being consumed by ongoing tasks. Current understanding of 
cognition is that humans actively attend to and process information using distinct, 
coordinated components of memory.
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Working Memory 
Baddeley’s (2000) working memory framework (Figure A) conceptualizes the 
distinct memory components humans use to process information. Working memory 
describes a cognitive system that temporarily holds information, with limited 
resources for both verbal and spatial information processing, and is important 
for things such as decision making. In this framework, attentional control and 
coordination among working memory components are key factors to cognitive 
load. Working memory perceives sensory information and processes information 
using four distinct components. 

 
The four main components of Working Memory include:

The Central Executive - Component that controls attention and manages the 
active processing of other components

Visuospatial Sketchpad - Component capable of holding visual information

Phonological Loop - Component capable of holding speech-based information

Episodic Buffer- Limited capacity component capable of storing multi-
dimensional information from the visuospatial sketchpad and phonological 
loop subsystems in time sequence (i.e. personal recording of events). The 
episodic buffer has links to long-term memory and semantic memory, which 
help it process these sequences. 

This model demonstrates that humans can process different information sources 
using distinct processing resources, and can effectively process information bits in 
parallel. However, there are limitations to working memory storage both in terms 

fig. A: Baddley’s working memory framework (2000)
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of capacity and time. While long term memory stores for humans has extensive 
capacity and is robust, working memory experiences more errors and consumes 
more cognitive resources as it actively processes and manipulates new sensory 
information. Thus, cognitive load represents the pressure on working memory 
during task performance (Yin & Chen, 2007).

Multiple Resource Theory

Wickens’ (2008; 1984) Multiple Resource Theory and S-C-R model is another 
common framework used to conceputalize cognitive load, and is particularly 
helpful in identifying distinct information processing requirements for a given task 
and quantifying cognitive load. Figure B outlines a multimodal interaction design 
conceptual model (Stanney et al., 2004) based on Wickens’ S-C-R model, showing 
optimal design paths based on information congruency across S-C-R components.

 The S-C-R model 

• S (Sensory Modality): Identifies which sensory system is activated by 
incoming information

• C (Working Memory Cognitive Component):  Identifies which WM 
component is utilized to store and process information

• R (Response Method): Identifies which user response is activated

 

fig. B: Stanney’s Multimodal Interaction Design Conceptual Model (2004)
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Research has demonstrated that humans can effectively utilize multiple resources 
to conduct their tasks, as long as any one given resource ‘block’ does not exceed 
capacity. Thus, where Working Memory capacity was originally thought to be ‘seven 
plus or minus two’ (Miller, 1956), research has demonstrated that capacity can be 
expanded if multiple sensory, processing and response resources are effectively 
used to increase capacity. However, limitations to human cognitive processing 
during complex tasks remain. Quantifying cognitive load and identifying periods 
of overload is critical to understand where and how human-system breakdowns 
may occur. By identifying the root cause of overload conditions, one can implement 
strategies to minimize or eliminate periods of overload, and minimize negative 
impacts to task performance. This could potentially be accomplished by adapting 
system design to better align workflow to support human information processing 
and performance as figure B suggests.

Applying cognitive load theory to the evaluation of system design is crucial. It identifies 
design gaps that impose significant load on operators. It also reveals opportunities 
to improve system information presentation and interaction to optimize human 
performance. Researchers who measure tasks with a heavy cognitive load can 
restructure workflows and/or enhance interface design to reduce overall workload 
peaks and minimize times of overload. Investing in the study, analysis, and redesign of 
tasks to reduce cognitive load could result in significant gains in human performance 
and mission success. 

Measuring Cognitive Load

Traditional methods for cognitive load measurement of operators include task 
observations and evaluations, user self evaluations, and predictive cognitive modeling. 
Think-aloud interview methods, where the researcher asks the participant to talk 
through what they are doing and why to understand their cognitive approach to the 
task, can augment these methods with details about the goals and decision-making 
process that goes into the user’s work. While this observational technique is useful 
in understanding cognitive processing, it can add additional cognitive load to the 
overall task. Typically, such talk aloud methods are used to gain an understanding of 
the task environment that can then be used to develop test scenarios for quantitative 
evaluation of cognitive load.

Individual evaluation methods are discussed at length below. It is recommended 
that multiple approaches be considered to capture a comprehensive understanding 
of cognitive load. It is proposed that SimpleSense evaluations include primary task 
performance, user self evaluations, and predictive cognitive modeling evaluation 
methods. Combining these three methods will provide a comprehensive comparison 
of cognitive workload from baseline, and capture both objective and subjective 
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outcomes with tools currently available and no additional hardware.

Methods of Measurement

Table 1, below, describes possible measurements for cognitive load that could be 
applied.

Description Pros Cons

Task Observation & Evaluation: Primary Task Performance

Define and measure discrete task performance 
based on real-world scenarios. Performance cate-
gories may include task effort, efficiency, and ac-
curacy. This  is used often in a comparative analysis 
between two system designs (e.g., legacy system 
and newly designed system) to show relative 
changes. This method assumes a correlation be-
tween performance and cognitive load for experi-
enced operators, with poor performance indicating 
high cognitive load.

Ecologically valid test 
environment, as it is 
using representative/
actual operational con-
ditions

Digital applications 
can capture keystroke 
level analysis for time-
stamped data collec-
tion

Task Observation & Evaluation: Secondary Tasks Performance

Operators are required to perform a secondary 
task that is not part of their regular duty, and per-
formance on the secondary task is used to indicate 
workload. The ability to perform accurately and 
timely at a secondary task is used as an indicator of 
‘available cognitive load’ beyond the primary task 
demands. These secondary tasks are primarily sim-
ple reaction-time tasks and/or vigilance tasks, such 
as the Psychomotor Vigilance Task (PVT), Detection 
Response Task (DRT), and Multi-Sensory Workload 
Assessment Protocol (M-SWAP).

These can be imple-
mented across various 
systems to directly 
compare ‘available 
load’ across different 
tasks/operations.

Indirect measure of 
primary task workload 
based on a non-opera-
tionally relevant task

Can distract from the 
primary task

User Self Evaluation: Subjective Response

Subjective response (or self-report) is the collection 
of information from a user based on their own 
experiences or histories. This type of response 
are based on individual introspection and retelling 
rather than observation.

Inexpensive and easy 
to administer

Widely used, providing 
standardized score 
ranges for comparison

No way to tease apart 
true variance from 
measurement error

Individualized 
perception of workload 
impacts scores
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Description Pros Cons

Task Observation & Evaluation: Implicit Measures

Implicit measures capture automatic physiological 
responses/changes that often occur outside of 
conscious control. Many such indicators have been 
used to measure cognitive load.

• Speech Prosody (e.g., tracking speech pauses 
and articulation rate) 

• Eye tracking and gaze direction, which can 
provide a measure of visual attention 
Pupil size changes correlate with workload, 
where dilation relates to increased cognitive 
load

• Heart Rate

• Electrodermal Activity/galvanic skin response 
measures sweat gland activity

• Electroencephalography (EEG) measures 
electrical activity of brain activity

• Functional near-infrared spectroscopy (fNIR), 
measures oxygenation in cerebral blood vessels

The Index of Cognitive 
Activity provides 
a predetermined 
estimate for the pupils 
to be compared 
against.

Captures implicit 
measures, which is 
less susceptible to 
conscious control

Can provide precise 
physiological responses

Measures can be 
intrusive and less 
economical

Most require additional 
hardware to capture 
inputs

Measures may 
be impacted by 
factors other than 
cognitive load (e.g., 
environmental changes)

Can require expertise to 
clean data streams and 
interpret signal output

Predictive Cognitive Modeling

Utilize task-based sensory level values to 
predict sensory, information processing, and 
response cognitive load. Models such as the 
Model Human Processor and associated GOMS 
method for predicting how people will use a 
proposed system (Card, Moran and Newell, 
1983) and the W/Index Workload Algorithm 
(North & Riley, 1988) enable quantification of 
cognitive load based on discrete load values for 
individual task components.

Can be completed 
based on task 
understanding and 
generalized task load 
values; real-world 
data collection not 
required 

Requires detailed 
sensory task analysis

Can be time 
consuming

table 1
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Cognitive Load Assessment for Emergency Response 
Dispatch

Emergency dispatchers have the difficult task of managing incoming calls/
notifications for emergency services and associated response activities, including 
coordination and communication with multiple response agencies. Regardless of 
the type of emergency, dispatchers are required to capture three initial incident 
details: 1) location of the emergency, 2) the phone number they are calling from, and 
3) details of the incident. 

Based on this initial information, dispatchers can deploy appropriate units to the 
desired location. Dispatchers remain on the line with witnesses until response crews 
arrive, gathering additional incident details and providing guidance as needed until 
crews arrive. In addition, dispatchers are in contact with response crews via radio, 
providing updated incident information and answering questions while en route 
to the specified location, and during emergency response activities to document 
timelines and actions. To appropriately respond, dispatchers have a complex task 
environment that incorporates up to 10 visual monitors with audio alert capabilities, 
phones (landline and cell phone), and push button radios.  to guide capture of and 
dissemination of incident details, which adds to the challenge of the task.

Table 2 (below) outlines a high level summary of representative dispatch tasks .

Task Software/
Hardware 
Used

Details

Incoming Call Answer incoming call 
(typically medical, 
structural emergency, 
contractor working)

Headset/
phone 
at end of 
console

Capture initial incident 
information: location of 
emergency, phone number, 
nature of the incident

Fire alarm (automated 
alarm comes in via 
display that sits behind 
Dispatchers)

Auto Alarm 
Display Unit

Notified of alarm by audio tone; 
Review type and state of alarm

table 2
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Task Software/
Hardware 
Used

Details

Incoming Call Send out initial dispatch 
notification

First In 
Alarm 
System

Choose station/vehicles - send 
alarm/tone

Card Sets (Physical Cards) Physical Q&A 
Cards

Guided Q&A to gather details of 
incident from caller

Follow up on initial 
dispatch 

Digital Radio 
Display

Send specific tone for incident

Follow up on initial 
dispatch

Push Button 
Radio

Give incident details via voice

Start an incident report Varies Enter in details of incident: 
vehicles responding, notes on 
what’s happening, time tracking 
each event

Text/email out details to 
who is on duty

Varies Choose details from drop downs: 
location (building/address), call 
type, type in details

Manage incoming calls 
from responders

Digital Radio; 
Push Button 
Radio

Inquiries for additional 
information/updates; verify 
location; etc.

Monitor incident response Radios Actively track response activities 
through end of call

Call ends when (a) truck finished 
and leaving scene, (b) patient at 
hospital, and/or (c) when medics 
arrive back at quarters

Complete incident report Varies play back recorder as needed to 
catch all details

Proposed Measurement Approaches

Given the complex, multi-task nature of the dispatch task, it is recommended that 
cognitive load assessments for dispatchers consider three distinct measurement 
approaches: (1) primary task performance, (2) user self evaluation, and (3) predictive 
cognitive modeling. The list below describes how each of these evaluation techniques 

table 2
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and associated metrics apply to the evaluation of dispatcher cognitive load.

Primary Task Performance Analysis

The goal of this analysis is to understand and evaluate the effort, efficiency, and 
accuracy required to complete the task. Based on a detailed understanding of the 
task, specific task measures can be used to indicate cognitive load, and the relative 
performance impacts between two distinct system interfaces. It is assumed that 
increased cognitive load is associated with increased task load, and decreased 
task efficiency and accuracy. These metrics can be captured via task observations 
or by using software that captures digital content and user response behaviors 
(e.g., mouse movement, keyboard clicks). Draper developed SenSoft (available via 
Apache) can automatically capture such event data for web-based platforms, and 
will implement this tool to aid in data collection where appropriate. 

The following list outlines specific metrics to be captured and analyzed:

• Evaluate the effort required to complete the task
• Average number of entry fields required for a single incident
• Average character length of entry fields for a single incident

• Average number of calls/hour 

• Average number of single reports generated per incident

• Average length of reports generated

• Evaluate the efficiency of task completion
• Average time from call received to dispatch of emergency crew

• Average time from call received to crew arrival on scene

• Average time to gather initial incident information (location, phone number, 
what happened)

• Average time spent verbally communicating directly with emergency crews

• Average time to generate reports (e.g., RUN report; ECC report)

• Evaluate the accuracy of tasks completed
• Average number of errors made when filling out fields
• Average number of corrective actions taken to resolve errors
• Average number of follow up/repeat communications with witness/caller
• Average number of follow up/repeat communications with response crews

Subjective Reports

Subjective reporting (or self-reporting) is the collection of information from 
a user based on their own perception/ratings. These types of responses are 
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based on individual introspection and recollection rather than outside task 
observation. Subjective questionnaires perform well in these methods as they do 
not require a researcher’s presence but still allow insight into task thought or detail 
from the perspective of the user. The most commonly used cognitive workload 
questionnaire is NASA’s Task Load Index (NASA/TLX; Hart & Staveland, 1988). This 
questionnaire assesses workload across six aspects: mental workload, physical 
workload, temporal workload, performance, effort and frustration. Each aspect is 
scored on a seven-point scale, and relative importance across aspects are captured 
via forced choice comparisons. In addition, a domain specific questionnaire will be 
adapted for this effort to capture perceived load of observed tasks compared to 
‘normal calls’, as well as shift details (e.g., when during their shift did observations 
take place), and perceived self state (e.g., fatigue, engagement, etc.).

Predictive Workload

Predictive workload modeling allows for estimating cognitive workload for a given 
operator based on a presumptive task list that effectively represents the dispatch 
task for a given incident. Multiple predictions can be made by simulating a variety of 
calls (e.g., by type of incident, complexity of incident) to asses the range of cognitive 
workload that is expected for a given system design. This technique has been used 
in the DoD for many years, effectively predicting cognitive workload of operators for 
deployed systems as well as systems in the design/development phase. Thus, such 
methods can be used to compare cognitive load between various system interfaces, 
and anticipate periods of overload based on design aspects of a given system. The 
S-C-R Model provides a foundation for such predictive models, where each task 
to be performed is assigned an input modality, information processing code, and 
response modality score based on not only categories evident from Wickens’ S-C-R 
model, but also on a scale of task difficulty. For example, the W/INDEX equation (North 
& Riley, 1988) is a workload equation that dynamically predicts cognitive load over 
time based on discrete task resource scores. Using this predictive algorithm which 
accounts for time and sequence of tasks, one can calculate predictive workload 
over a given incident, identifying peaks of high workload/overload, and identifying 
root cause(s) of such instances based on the task and system design characteristics.

For further details outlining the proposed evaluation plan, please see the research 
protocol/test plan document.
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