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a b s t r a c t

Predicting human performance and mental workload in multiple task situations at an early stage of sys-
tem design can save a significant amount of time and cost. However, existing modeling tools either can
only predict human performance or require users of tools to learn a new programming language. Queue-
ing Network-Model Human Processor (QN-MHP) is a new cognitive architecture for modeling both
human performance and mental workload in multiple tasks. This paper describes the development of
a Visual Basic Application in Excel (VBA) software package and an illustrative case study to evaluate
its effectiveness. The software package has an easy-to-use user interface for QN-MHP that assists users
of the modeling tool to simulate a dual task including definition of the tasks and interfaces by clicking
buttons to select options and filling texts in a table, with no need to learn a simulation language. It allows
the model user to intuitively observe the information processing state of the model during simulation,
and conveniently compare the simulated human performance and mental workload for different designs.
The illustrative case study showed that naïve users without prior simulation language programming
experience can model human performance and mental workload in a complex multitask situation within
3 min; and this software package can save 71% of modeling time and reduce 30% of modeling errors. Fur-
ther developments of the VBA software package of QN-MHP are also discussed on how to make it a com-
prehensive proactive ergonomic design and analysis tool.

Published by Elsevier Ltd.

1. Introduction

Performing two tasks concurrently is one of the common activ-
ities in human–machine interaction. Operators in control rooms in
manufacturing industry may operate a device and monitor several
displays at the same time. Pilots need to control the airplane and at
the same time communicate with the air traffic controllers. Drivers
may operate an instrument panel or use a Global Positional System
(GPS) while steering a car simultaneously. Predicting human per-
formance and mental workload in dual task conditions at an early
stage of system design can save system development teams (engi-
neers, human–machine interface designers and even managers) a
significant amount of time and cost in comparison to revising the
systems at a later stage of system development (Gore, 2000; Gore,
2002). The need for models that can predict both performance and
mental workload has often been mentioned in the literature on hu-
man modeling (Olsen & Olsen, 1990).

Besides several digital modeling tools to predict and assess hu-
man physical movement (Kuo & Chu, 2005; Resnick & Zanotti,
1997; Shidar, SAl-Araimi, & Omurtag, 2002; Yoon & Kim, 1996),
several cognitive modeling techniques have been recently devel-
oped and they are mainly used to predict human performance,
including CRITIQUE (Hudson & Stasko, 1995), Micro Saint (Laugh-
ery, 1989; Schunk, 2000), APEX (Freed, Matessa, Remington, &
Vera, 2003; Freed & Remington, 2000), and QN-MHP (Wu & Liu,
2004a, 2004b, 2004c, 2006a, 2006b, 2006c, 2007, 2008a, 2008b).
Hudson et al. (1995), Hudson, John, Knudsen, and Byrne (1999)
developed a innovative modeling tool called CRITIQUE (the
Convenient Rapid, Interactive Tool for Integration Quick Usability
Evaluations), which was able to automatically produce KLM
(Keystroke-Level Model) to predict single task performance time.
CRITIQUE uses features of the subArctic input model to transpar-
ently record detailed logs of user interactions. Micro Saint was
developed in 1985, and it is another valuable human performance
modeling software package (Laughery, 1989; Schunk, 2000). It
uses a task network modeling method to predict performance
time: activities of target users of a device or system are
represented in a diagram as nodes and arrows between the nodes,
which represent the sequences in which the activities are
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performed. Researchers in the NASA Ames Research Center (e.g.,
Freed & Remington, 2000) developed a useful modeling tool
called APEX – a GOMS (Goal-Operator Methods-Selection)-like
framework that incorporates mechanisms and methodologies for
predicting certain forms of human error.

Queueing network modeling approach has been established
both as a psychological theory and a human performance model-
ing technique in human–computer interaction. In modeling
human performance, computational models based on queueing
networks have successfully integrated a large number of mathe-
matical models in response time (Liu, 1996) and in multitask
performance (Liu, 1997) as special cases of queueing networks. A
simulation model of a queueing network mental architecture,
called the Queueing Network-Model Human Processor (QN-
MHP), has been developed to represent information processing
in the mental system as a queueing network on the basis of neu-
roscience and psychological findings. Ample research evidence has
shown that major brain areas with certain information processing
functions are localized and connected with each other via neural
pathways (Bear, Connors, & Paradiso, 2001; Faw, 2003; Roland,
1993; Smith & Jonides, 1998), which is highly similar to a queue-
ing network of servers that can process entities traveling through
the routes serially or/and in parallel depending on specific net-
work arrangements. Therefore, brain regions with similar func-
tions can be regarded as servers and neural pathways
connecting them are treated as routes in the queueing network
(see Figs. 1 and 2). Information being processed in the network
is represented by entities traveling network.

QN-MHP has been successfully used to generate human behav-
ior in real time, including simple and choice reaction time (Feyen,
2002), transcription typing (Wu & Liu, 2004a, 2004b, 2008a), psy-
chological refractory period (Wu & Liu, 2004c, 2008b), physiolog-
ical index of mental workload in visual-manual tracking (Wu &
Liu, 2006a; Wu, Liu, & Walsh, 2008), subjective index of mental
workload in driving (Wu & Liu, 2006b, 2006c, 2007; Wu, Tsimhoni,
& Liu, in press), and driver performance (Liu, Feyen, & Tsimhoni,

Fig. 1. The general structure of the queueing network model (Wu and Liu, 2007).

Fig. 2. Approximate mapping of servers in the queueing network model onto
human brain (Wu and Liu, 2007).

324 C. Wu, Y. Liu / Computers & Industrial Engineering 56 (2009) 323–333



https://isiarticles.com/article/7904

