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ABSTRACT 
 
Pace rating has always been one of the main responsibilities 
for industrial engineers (IEs) when manufacturing 
companies need standard times to use for planning, 
scheduling, cost efficiency and budget calculations. 
Although computer technologies have been applied to 
model, analyze, and visualize complex systems to help 
engineers solve specific issues, a simulation or visualization 
tool on pace rating that reveals and visualizes decision 
making patterns has as yet not been developed to help IEs 
perform worker’s pace rating. This paper presents the 
development of a tool that can visualize response selection 
and execution, showing decision making patterns and help 
IEs to perform pace rating. 
  
What is pace rating? 
 
Pace rating is a kind of performance rating. Performance 
rating is defined as the process of rating work’s 
performance by  comparing  the actual task being performed 
and evaluating the observed performance quantitatively 
with the industrial engineer’s concept of normal 
performance (Aft 2000). Performance rating methods can 
be categorized in 6 types (Barnes 1980) consisting of  
(1)Skill and effort rating or the Bedaux system, 
(2)Westinghouse system of rating, (3)Synthetic rating, (4) 
Objective rating, (5) Physiological evaluation of 
performance level, and (6)Pace rating. Barnes (1980) also 
reports an investigation that 90% of  72 US companies at 
that time used the pace rating system in time study practices 
while the rest used others. Among the different ways, pace 
rating is considered to be the fastest method only the 
operator’s speed of movements is rated but it still has some 
unresolved issues (see further). Pace rating is also a part of 
the objective rating method (Mundel and Danner 1994). In 
this method speed of motions is evaluated together with six 
factors of job difficulty containing the amount of body used, 
foot pedals, ambidexterity, eye-hand coordination, handing 
requirement and weight are then rated with their respective 
tables of percentages. 
 
 

Going through the most popular literature on work 
measurement, we observe most authors write about pace 
rating in terms of  “the most difficult and controversial 
step”(Groover 2007), “the most important step” (Niebel and 
Freivalds 2003),  “the most challenging aspect”(Meyers and 
stewart 2002),“two most controversial aspects” (Kanawaty 
1992), “the most important and the most difficult part” 
(Barnes 1980), “very difficult part”, and  “the most 
subjective aspect” (Miller and Schmidt  1990). Pace rating 
has always been treated as difficult, subjective and even 
controversial. This research is investigating ways to 
overcome these issues. 
 
Pace rating (PR) is an important element to compute 
standard time. Direct time study is the most  widely spread 
work measurement technique. It is used when 
manufacturing companies need standard times with 
accuracy and high confidence. The standard time is 
composed of two elements as in Equation(1) below. 
      Standard time = normal time + allowances      (1)                  
      Normal time = observed time x (PR/100)        (2)                                 
Allowances are additional times to compensate for non 
optimal work circumstances while normal time can be 
calculated as in Equation(2) above.  
 
The fundamental purpose of determining PR is to normalize 
or adjust the mean observed time for each element being 
performed in order to become the normal time that is 
applicable to every worker. Standard times are used for 
planning, scheduling, cost efficiency and budget 
calculations as well as for process design and improvement. 
Reliable standard times are needed for all activities. The 
quality of the standard time is considerably dependant on 
the quality of the pace rating process. 
 
Rating scales are needed in order to have an effective way 
for quantifying the observed pace of working in comparison 
with the standard pace. There are several pace rating scales 
in use, the most frequently used scales are (1) Scale A - 100 
percent equals normal performance or 100-133 MTM scale, 
(2) Scale B - 60 points equals normal performance, (3)Scale 
C - 125 percent equals incentive performance, and (4) Scale 
D - 100 percent equals incentive performance. The 100-133 
MTM scale is easy to use and to understand as the 100% 
pace corresponds to walking 3 miles per hour (Barnes 1980) 
or dealing 52 cards into four equal stacks around 30”x30” 
in 0.5 minute.(Nadler 1955; Watmough 1975; Barnes 1980; 
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Mundel and Danner 1994; Meyers and Stewart 2002; 
Niebel and Freivalds 2003; Groover 2007) 
 
Pace rating in traditional way 
 
Traditional direct time study is carried out by using a 
stopwatch or other timekeeping device to time and record a 
task to obtain an observed time. To normalize the observed 
time in order to obtain a normal time, pace rating is  
typically done in the traditional way. Eventually, allowances 
are added  for converting the normal time into the final 
standard time. Figure 1 illustrates a model showing pace 
rating in the traditional way. To perform pace rating, 
industrial engineers (IEs) are trained to remember a speed 
of  motion at 100% standard pace like dealing 52 cards into 
four equal stacks. Vision, one of the five basic human 
senses, is then used in the process of pace rating on an 
actual work method. The IE sees  a worker performing a 
task at a workstation. Next, this information is processed in 
the brain by comparing the actual work rate with the 100% 
standard pace.  Finally, the rated pace is estimated and 
documented. 
 
In the traditional pace rating way, three body parts of the  
IE are involved: eyes, the brain and hands. The most 
significant step is the information processing in the brain, 
including hidden factors that affect response selection and 
execution. Until now, this has never been studied in detail. 
The whole process can be considered as a black box which, 
until now, never has been modeled, simulated or visualized 
in pace rating. Hence, the traditional pace rating method can 
be considered to be very  subjective and   most challenging. 
 

 
 
Figure 1: Pace rating in the traditional way  
 
Pace rating using video technology 
 
Based on video technology, Van Goubergen and 
Vancauwenberghe (2006) proposed  a new alternative 
method for pace rating of work being performed. As shown 
in Figure 2, an actual video of the task being studied (the 
right side) and a reference video calibrated at 100% pace 
(the left side) are displayed at the same time. By adjusting 

the speed or pace of the reference video, IEs can 
synchronize and match the motion patterns in both videos 
and hence, quantify the actual pace of the method under 
study.  Therefore, it appears that video technology can help 
IEs to rate the real pace of a worker performing a task.   
However, only the basic idea of synchronizing videos has 
been presented in literature. A tool that visualizes response 
selection and execution, with particularly more on decision 
making patterns for pace rating, needs to be developed as 
part of the validation of this new pace rating method. 
 

 

 
Figure 2: Pace rating using video technology (Van 
Goubergen and Vancauwenberghe 2006) 
 
The need for a visualizing tool 
  
Since computer and simulation technologies have been used 
to model, analyze and visualize complex systems, many 
simulation and visualization packages have been developed 
as tools to help engineers and decision makers solve 
specific issues in both manufacturing and service systems. 
The results of simulation based on certain inputs and 
operational characteristics can be different alternatives 
available to the decision makers. However, no simulation or 
visualization package on pace rating has been developed 
yet, that reveals and visualizes the decision making pattern 
that are involved as a tool to help IEs better to determine 
worker’s pace rating. This paper presents a tool that can 
visualize response selection and execution, showing 
decision making patterns and help IEs to perform pace 
rating. 
 
HOW TO MODEL AND VISUALIZE RESPONSE 
SELECTION AND  EXECUTION ON PACE RATING  
 
Figure 3 illustrates the basic idea to model and visualize 
response selection and execution on pace rating. Our idea is 
associated with observing events  of a system as they evolve 
over time. Each event influences the state of a system at 
discrete points in time.  
 
As can be seen from Figure 3, the variables we defined are : 
ei =  each event  
s1 = tempo of RV (Reference Video)  is less than AV 
(Actual Video) 
s2 = tempo of RV is more than AV 
s3 = tempo of RV is equal AV 
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a1 = clicking the ⇑ button 
a2 = clicking the ⇓ button 
a3 = clicking the stop button 
ti =  clock time recoded on ei 
ETi   =  execution time  
TET = total execution time 
ETi  and TET can be calculated by 
ETi   = ti - ti-1 

TET  = Σ ETi 

 
 

Figure 3: How to model and visualize response selection 
and execution on pace rating 
 
An event is defined as a state when eyes, the brain and a 
hand are ‘connected’ to perform the process of pace rating.  
Initially, eyes look at the actual video (AV) and the 
reference video (RV). The final response required is s3  that 
means a3 (‘STOP’) is activated. To obtain a3, however, we 
rate the process under study  by comparing the actual video 
and the reference video, starting at  a significantly different 

 tempo. In our research, we set the starting point of the 
reference video at a minimum tempo difference 
corresponding to  20 % and a maximum tempo difference at 
180%. The time elapsed between two clicks (time factor) is 
recorded in order to compute and visualize the data series of 
rated paces. After clicking the mouse, this causes the system 
state to change instantaneously. The desired outcome of a 
pace rating method is a figure indicating the actual pace of a 
work method. In case of the newly proposed method, this 
corresponds to the speed of the video when the stop button 
(a3) is pushed. 
 
The concept of discrete-event dynamic systems was chosen 
to model and visualize the decision making patterns, as 
updating the clock time and recording the events is done at 
discrete moments in time. In this first case, Figure 4 shows 
an event graph that displays a behavior of visual response 
selection and execution on pace rating with three zones : a1, 
a2 and a3 activated. The time is plotted along the X-axis and 
pace level is indicated on the Y-axis. 
 

In contrast, if the initial point of the reference video is set at 
a maximum tempo difference of 180 %, the decision 
making pattern is generated in the opposite way as 
displayed in Figure 5. 
 

 
 

Figure 4: The event graph of a behavior of response 
selection and execution on pace rating (min) 
 

 
 

Figure 5: The event graph of a behavior of response 
selection and execution on pace rating (max) 
 
The basic idea on which the software is based, is how to 
connect response selection and each execution time. 
Adjusting the speed of the reference video was programmed 
so it can be changed with 5 % increments and 5 % 
decrements. Figure 5 shows a screenshot of the software 
developed  using JAVA programming, suitable for 
generating decision making patterns. 
 

 
 
Figure 6: Screenshot of the visualization tool for pace rating 
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CASE APPLICATION 
 
In order to visualize response selection and execution on 
pace rating based on comparing two videos, a reference 
video, analyzed and normalized with MTM-1 at 100% pace, 
was chosen to be used in the experiment as displayed in 
Figure 7 (the right side). MTM-1 is a predetermined time 
standards technique that provides the highest accuracy 
compared to other similar systems. It gives a normal time 
based on predetermined time values at pace 100% for 
fundamental motion such as : reaching, moving, turning, 
apply pressure, grasping, positioning, releasing, 
disengaging, eye movements, and body movement 
(Karger&Bayha 1987; Salvendy 2001).  
 

 
 
Figure 7: A case application  
 
The actual video (the left side of Figure 7) showing hand 
movements rated at 100% based on the traditional pace 
rating way was selected from the TMI  pace rating videos 
collection (Watmough 1975). For conducting the 
experiments, a master student in Industrial Engineering and 
Operations Research at Ghent University was selected as a 
participant.  
      
The following instructions were given to the participant for 
conducting the experiment: Reference and actual videos are 
shown at the same time without giving any quantitative 
information on the pace. The participant is asked to 
compare both videos with regard to pace of working. As a 
starting point, the video under study is shown at a lower 
pace (20%). When the pace is perceived by the participant 
as being lower, the ⇑ button (a1)  needs to be clicked.  The 
speed of the reference video will now increase. The same 
question is asked repeatedly until the pace is judged as 
being higher. The ⇓ button (a2) can be then clicked until the 
participant is satisfied with the resemblance. Finally, the 
stop button (a3) needs to be pushed in order to end the 
experiment. After that, the two videos are shown again  but 
the starting point of the video under study is shown at a 
maximum pace (180%). The instruction to perform the 
experiment is given in procedure similar way. 
 
After the experiment, we obtain two decision making 
patterns as depicted in Figure 8 and 9. These graphs depict 
the evolution of the perceived pace in function of time, 
visualizing the  phenomenon of pace rating in the human 
brain of the participant. 
 
Alternatively, Figure 10 displays two decision making 
patterns so they can be compared and analyzed at the same 
time. Two vertical lines drawn on the chart  divide the 

pattern into two important zones: an easy decision zone and 
a difficult decision zone. The left part is  the easy decision 
zone: as apparently the difference in pace between the two 
videos is significant, the human being will click relatively 
fast to approach a value that is closer in the range of the real 
pace value (in this experiment 100%). From this point on 
we observe a more ‘difficult’ decision zone: both ⇑ and ⇓ 
buttons are used and it takes longer for the human being to 
decide to click a button. Analyzing the  decision making 
patterns shows that especially in the range of the real pace it 
is more difficult to rate. Based on the two final responses 
obtained : 95% and 100%, the average value(97.5%) can be 
used as the rated pace.  
 

 
 
Figure 8: A decision making pattern(minimum) 
 

 
 
Figure 9: A decision making pattern(maximum) 
 
CONCLUSIONS AND FURTHER RESEARCH 
 
The purpose of this paper is to present a tool that can 
visualize response selection and execution for pace rating. 
This research attempts to reveal and generate decision 
making patterns based  concepts of discrete-event dynamic 
systems. Paces sequentially evaluated with this visual and 

29



reasonable procedure can model and visualize how pace 
rating is processed in the human brain of the rater. The 
average value computed from the two final responses is 
used as the rated pace. In addition, documentation of a 
decision making pattern can serve as an aid to communicate 
between management and union. Until now, we obtained the 
rated pace value based on a case with only one person. 
Additional research is needed to investigate further how to 
use the proposed lean tool in different cases and when 
multiple people are involved. And finally, we are confident 
that our research will serve as a base for future studies on 
signal detection theory on pace rating, synchronizing two 
videos. 
 

 
 
Figure 10: Two decision making patterns(min&max) 
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