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ABSTRACT 
 
In direct time study, pace rating is an important element to 
determine time standards. In the literature, pace rating has 
always been recognized as being challenging and 
subjective. Recently, a tool that can compare the tempo of 
work motions on (real-life) actual videos with the tempo of 
work motions on a calibrated reference video, showing 
decision making patterns on pace rating has been developed 
to improve pace rating practice. Although this approach is 
interesting, there has been little discussion on validating the 
new proposed way. In practice, ratings with errors within ± 
5% are considered excellent while those with errors within 
± 10% are not excellent but good. In this paper, based on 
descriptive and inferential statistics obtained from 
experiments, we show that it is very challenging to reach 
these error levels when rating actual videos containing 
complex motions. 
 
 INTRODUCTION 
 
In manufacturing and service organizations it is necessary to 
have accurate and precise time standards for all tasks in 
order to provide qualitative input for designing, executing 
and managing operational activities. The time required to 
produce a product at a workstation is determined through 
work measurement techniques of which direct time study is 
the most  widely spread technique (Barnes 1980). An 
essential part of this technique for determining a standard 
time is rating the pace of the observed work activities. 
Hence, the mean observed time for each element being 
performed can be normalized in order to become normal 
reference time applicable to every worker (called ‘normal 
time’).  
 
The quality of the standard time is considerably dependant 
on the quality of the pace rating process. Niebel and 
Freivalds (2003) show the relationship between the 
observed time, the rated pace, and the normal time. A rating 
higher than a standard performance will be assigned to an 
observed time that is less than the normal time. On the 
contrary, when the observed time is greater than the normal 
time, it will be rated as below the standard performance. 
Since the beginning of  the previous century, pace rating has 
been common knowledge that it has always been considered 

as difficult, subjective, challenging and even controversial 
(Barnes 1980; Miller and Schmidt  1990; Kanawaty 1992; 
Meyers and stewart 2002; Niebel and Freivalds 2003; 
Groover 2007). 
 
Pace rating has always been one of the main responsibilities 
for industrial engineers (IEs) or time study persons 
responsible for setting time standards. To evaluate work 
rates, in the traditional way, IEs or time study persons are 
trained to remember a speed of  work motions at 100% 
standard pace such as dealing 52 cards into four equal 
stacks in 0.5 min. To perform pace rating, the IE sees  a 
worker performing a task at a workstation. Then an 
information processing step happens in the brain where the 
actual work rate is compared with is remembered as the 
100% standard. Finally, the rated pace is evaluated and 
documented. 
 
To improve pace rating practice, Van Goubergen and 
Vancauwenberghe (2006) proposed an interesting idea of 
pace rating based on video technology. Work motions on a 
calibrated reference video  and an (real-life) actual video 
filmed are shown at the same time on a screen. By adjusting 
the speed of the reference video, IEs or time study persons 
can synchronize the work motions in both videos and thus 
quantify the work motions on the actual video being 
studied. 
 

 
 

Figure 1: A pace rating software 
 
Based on concepts of discrete-event dynamic systems, 
Suwittayaruk and Van Goubergen (2011a) have extended 
the idea of synchronizing the work motions on reference 
and actual videos by developing a new software (Figure 1) 
that can visualize response selection and execution by 
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showing decision making patterns and help IEs or time 
study people to improve pace rating practice and serve as an 
aid to communicate between management and union as 
illustrated in Figure 2. 
 

 
 

Figure 2: A decision making pattern 
 
As a rule, in practice, ratings with errors within ± 5% are 
considered excellent while those with errors within ± 10% 
are not excellent but good (Meyers and Stewart 2002). To 
the best of our knowledge, no one investigated the accuracy 
of the obtained pace figure. Suwittayaruk and Van 
Goubergen (2011a) focused on using the final response as 
the rated pace. 
 
Previous work has only utilized decision making patterns 
obtained from experiments to assess rating consistency 
based on sensitivity, specificity and a cut off line calculated 
by optimizing binary outcomes that are coded in decision 
making patterns using signal detection theory (Suwittayaruk 
and Van Goubergen 2011b).  
 
To extend the body of knowledge, the aim of the research 
described in this paper is to validate rating accuracy of pace 
rating using video technology with regard to the framework 
of the criteria. Our method of the validation of rating 
accuracy is largely based on four zones : the green zone 
(error ≤ ± 5 %), the yellow zone (± 5 % < error ≤ ± 10 %), 
the red zone (± 10 % < error ≤ ± 15 %) and  the black zone 
(error > ± 15 %). In this study, we believed that when rating 
work motions on actual videos containing complex motions, 
it is extremely difficult and challenging to reach the green 
or yellow zone. 
 
METHODS 
 
Participants 
 
Participants in this study included 20 graduate Industrial 
Engineering and Operations Research students at Ghent 
University, Belgium. They had backgrounds in pace rating 
(the traditional way) taught in a six-credit work 
measurement and method engineering course.  
 
Apparatus 

Pace rating software 
 
The software package (Figure 1) developed at the 
Department of Industrial Management, Ghent University, 
Belgium was used to conduct the experiments. 
 
The reference video  
 
The reference video used in the experiment, showing a very 
easy motion pattern, was analyzed with MTM-1 and 
normalized at 100% pace by the authors using Ulead 
VideoStudio version 9 as displayed in Figure 3. The video 
contains motions such as reaching, (easy) grasping, moving, 
positioning, and releasing movements with the same 
distance. MTM-1 is a predetermined time standards 
technique that provides the highest accuracy compared to 
other similar systems and gives a normal time based on 
predetermined time values at pace 100% (Antis et al. 1973).  
 

 
 

Figure 3: The reference video 
 
Actual videos 
 
Five actual videos were chosen from two different sources 
to conduct the experiments: 
 
1. The actual video 1 (Figure 4) showing a very easy motion 
pattern was analyzed and developed with MTM-1 by the 
authors using Ulead VideoStudio version 9. This video 
consists of motions over the same distance as the reference 
video.  
 

 
 

Figure 4: The actual video 1 
 
2. The actual video 2 (Figure 5) showing an easy motion 
pattern was analyzed and developed with MTM-1 by the 
authors using Ulead VideoStudio version 9. Like the 
reference video, the second video also contains reaching, 
(easy) grasping, moving, positioning, and releasing, but 
movement distances are completely different. 
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Figure 5: The actual video 2 
 
3. The set of actual videos 3, 4, and 5 comprises three 
videos showing hand movements with complex motion 
patterns rated at 100% pace using the traditional method by 
averaging the group opinion of a control group of over two 
hundred practicing IEs on each scene pictured. These 
videos were selected from the TMI pace rating video 
collection (Watmough 1975): turn and point flap-shirts( 
Figure 6), heat-seal a part in a bag(Figure 7) and bar-tack 
sanitary belts (Figure 8).  
 

 
 

Figure 6: The actual video 3 
 

 
 

Figure 7: The actual video 4 
 

 
 

Figure 8: The actual video 5 

Experimental procedure 
 
To conduct the experiment, the following instructions were 
given to participants. Work motions on both videos were 
shown simultaneously without giving any quantitative 
information on the pace. The participants were asked to 
compare the two videos with regard to pace of working as 
they would visually perceive this. As the starting point the 
tempo of work motions of the reference video under study is 
always shown at a lower pace (at 20%). When the tempo of 
the work motions on the reference videos is perceived by 
the participant as being lower or equal than the tempo of the 
work motions on the actual video (at these points, the 
participant needs to say “Up”), the plus button needs to be 
clicked by an author. This causes the tempo of work 
motions of the reference video to increase. Then, the same 
question is asked repeatedly until the tempo of the work 
motions on the reference videos is judged as being higher 
(at the last point, the participant needs to say “Stop”). 
Finally, the stop button needs to be pushed by an author in 
order to end the experiment. Each click made while 
conducting the experiments, along with the corresponding 
processing time, is recoded in the database and then 
decision making patterns are generated.  
 
Data analysis 
 
Independent  variable 
 

 
 

Figure 9: Set 1 showing the very easy pattern (the right 
side) versus the very easy pattern (the left side) 

 

 
 

Figure 10: Set 2 showing the very easy pattern (the right 
side) versus the easy pattern (the left side) 

 
The set consisting of a reference video and an actual video 
was defined as the independent variable considered in this 
investigation. The independent variable was divided into 
five sets: 
1. The very easy pattern versus the very easy pattern (Figure 
9). 
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2. The very easy pattern versus the easy pattern (Figure 10). 
3. The very easy pattern versus complex pattern 1 (Figure 
11). 
4. The very easy pattern versus complex pattern 2 (Figure 
12). 
5. The very easy pattern versus complex pattern 3 (Figure 
13). 
 

 
 

Figure 11: Set 3 showing the very easy pattern (the right 
side) versus complex pattern 1 (the left side) 

 

 
 

Figure 12: Set 4 showing the very easy pattern (the right 
side) versus complex pattern 2 (the left side) 

 

 
 

Figure 13: Set 5 showing the very easy pattern (the right 
side) versus complex pattern 3 (the left side) 

 
Dependent variable 
 

Rating accuracy was selected as the dependent variable. 
Accuracy refers to the proportion of responses which are 
true or correct, expressed as an average percentage error. 
 

Measurement 
 
One hundred decision making patterns (20 for each set) 
were collected as data. Figure 14 shows an example of a 
pattern obtained as an output of an experiment. This graph 
depicts the evolution of the perceived pace as a function of 
time, showing the outcome of information processing of the 
pace rating of a participant. In this study, however, we used 

only the value before reaching the end result as the rated 
pace to investigate the rating accuracy. In this example, we 
take 105% as the rated pace. 
 

 
 

Figure 14: A decision making pattern as an output 
 
Statistical analyses 
 
- Descriptive statistics 
 
In practice, according to Meyers and Stewart (2002), ratings 
with errors within ± 5% are considered excellent while 
those with errors within ± 10% are not excellent but good.  
Each error (%ei) obtained from experiments is computed by 
Equation (1) below.  
    
             %ei  =                                                                   (1) 
 
*Calculated based on MTM-1 or provided together with 
TMI pace rating video collection. 
 
To assess rating accuracy, four zones were defined as 
follows: 
1. Green zone (error ≤ ± 5 %) 
2. Yellow zone (± 5 % < error ≤ ± 10 %) 
3. Red zone (± 10 % < error ≤ ± 15 %) 
4. Black zone (error > ± 15 %) 
 
Based on tests for normality, the assumptions were not 
validated. In order to analyze the results, as an alternative,  
median and range of data of each set were used and 
displayed as descriptive statistics. 
 
- Inferential statistics 
 
As mentioned above,  the assumptions were  not  validated. 
Median of each set was used as data to investigate the 
difference levels of rating accuracy. Wilcoxon signed-rank 
test was performed to test the hypotheses for each set of 
experiments. The null and alternative hypotheses tested in 
this investigation consisted of three sets. 
1. Ho: Median of the errors in each set is equal or less than 
           ± 5 %. 
    Ha: Median of the errors in each set is more than ± 5 %. 

The rated pace 

×100 
              rated  pace – real pace*  
                        real pace* 
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2. Ho: Median of the errors in each set is equal or less than 
          ± 10 %. 
    Ha: Median of the errors in each set is more than ± 10 %. 
3. Ho: Median of the errors in each set is equal or less than 
          ±15 %. 
    Ha: Median of the errors in each set is more than ± 15 %. 
 
Statistical significance was analyzed through the use of 
Minitab version 13.2. The results of hypothesis testing were 
considered statistically significant when p < 0.05. 
 
RESULTS AND DISCUSSIONS 
 
Descriptive statistics 
 
Figure 15 displays descriptive information of the percentage 
rating error of all test subjects in each set. Figure 15 shows 
that set 1 has the most error values (80%) inside the green 
zone. For sets 2 and 3 some errors (but less) are also in the 
green zone but some errors appear in  the black zone. Sets 4 
and 5 showed much less error values inside the ±5% zone. 
Interestingly, the results obtained for sets 4 and 5 show 
approximately 60 % of data points in the black zone. 
 

 
 

Figure 15: Errors of each set in  four zones 
 
As the assumptions of testing for normality were not 
validated, median of each set was used as data. The bars 
and vertical lines in Figure 16 depict the medians and 
ranges of the error data in each set.  
 

 
 

Figure 16: Median and range of data of each set 
 

Comparing the results, one can see that set 1 gives both the 
smallest median error (5%) as well as the smallest range of 
error,  while sets 4 and 5 have the highest median errors 
(20%) and widest range of errors. Sets 2 and 3 show 
intermediate median errors (10%), however set 3 has a 
wider range of error than set 2.   
 
As descriptive data displayed in Figures 15 and 16 
demonstrate different values of the rating error of each set, 
the results seem to indicate that set 1 (which has an vary 
easy motion pattern) has lower values than the other sets 
showing more complex motion patterns This is of course 
not a sound statistical conclusion. We used Wilcoxon 
signed-rank test to obtain more evidence as described in 
next section. 
 
Inferential statistics  
 
We used inferential statistics to test our hypotheses. 
Compared with the level of significance (0.05), the p-values 
of each set obtained from each hypothesis that were first 
detected as no significant differences were used as data. 
 

 
 

Figure 17: P-values obtained from Wilcoxon signed-rank 
test 

 
As stated in the Introduction and Methods sections, 
according to Meyers and Stewart (2002), rating errors 
within ±5% are excellent.  As can be seen in Figure 17, only 
set 1 has a p-value > 0.05 in the first test (Ho: µ~ ≤ ±5%; 

Ha: µ~ >±5%). Rating errors within ±10% are considered as 

good. The second test (Ho: µ~ ≤±10%; Ha: µ~ >±10%) shows 

that sets 2 and 3 have a good result. Sets 4 and 5 were not 
detected in any of the three tests. This means that only the 
rating of set 1 (rating with the very easy motion pattern) is 
inside the ±5% range, while sets 2 and 3 are within the 
±10% range. Errors obtained from ratings on the sets 4 and 
5 are outside the ± 15% range.  
 
CONCLUSIONS AND FURTHER RESEARCH 
 
As expected, for rating work motions on actual videos 
containing complex motions it is extremely difficult and 
challenging to reach ± 5% zone or even ± 10% zone. Our 
data clearly shows that rating on more complex motion 
patterns gives higher errors than when very easy or easy 
patterns are evaluated. This may mean that, when rating 
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pace based on video technology is used in practice, 
obtaining the real pace when rating is not obvious when 
complex motion patterns are involved. However, our work 
does show points for further research: For example, the 
complex motion pattern of set 3 gives better accuracy than 
other complex motion patterns (sets 4 and 5). An index of 
difficulty may need to be considered and defined. The 
present study has only examined rating accuracy. But, rating 
precision will need to be taken into account too. Based on 
descriptive statistics as displayed in Figures 15 and 16, the 
results seem likely that rating on the very easy or easy 
motion patterns gives higher precision than rating on more 
complex motion patterns. As a next step in our research, we 
are currently in the process of investigating how to improve 
accuracy as well as precision and finding out other ways to 
improve pace rating practice using video technology.  
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