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batch of activities in a high level context. The batch activities are then assigned with a referencing code or

equivalent identification.

Table 2: Comparison of Application Techniques

Variables Methods for setting time standards
Method 1PQC Repair Man | Maintenance | Store hand Security Guard
Worker type
Electronic .
Time Study for . .
T Study for d t
Cycle time Time Study System Time study for discrete fme Stu y .o.r \screte
; - . o activities
Time Study activities which activities
Track record Track record have Zrc;t':es;
Frequency ) Product quality steps defined. | rpy ek record Track record
Yield trend X
profile
Alternate n/a n/a Work sampling | Work samplin Work samplin
Verification Needs piing piing piing

To aid the work measurement, another option is that, time is be measured with engineered, non- engineered or a
combination technique for the segments which are describable in ‘motion’ or steps. For any other task activities
which are not measurable, the alternate verification method is work sampling. Work sampling may be carried out at
macro levels, then gradually into micro levels. Table 2 summarizes the types of work measurement techniques used

in the case studies.

4. Development of the Data Capture-ability Versus Data Analyzability Quadrant
Work study is carried out to determine the working standard based on standard operating procedures of given tasks.
It is meant to capture and determine the time on agreeable work activities.

From the 5 cases study, it is observed that the activities’ occurrence must be capture-able and ‘analyzable’ to
complete the standard time determination, with a value assigned to a defined time element. Table 3 shows the
summary of six characteristic attributes (represented by a, b, c, d, e, and f) of the time elements based on the case
studies. Characteristic attributes b, c, are frequency-related. Characteristic attributes d, e, and f are activities time
elements discreteness related

Table 3: Characteristic Attributes that Impacts Work Study
Criteria # | Criteria description

a Cycle time range

bl Repetition of activities - fixed pattern
Frequency b2 Repetition of activities -random pattern

related cl Clear expectation
c2 Ambiguitive expectation
dl Individual activities
. d2 Group activities
Time element
e Number of steps

discreteness . : 5
f1 Driven factors - Motion driven

2 Driven factors - thinking process driven

4.1 Data Capture-ability versus Data Analyzability Quadrant

The understanding of the characteristic attributes and its impact to the work study is further developed into the Data
Capture-ability versus Data Analyzability Quadrant. The quadrant shall aid the organization to select the best
technique to set the standard time for of NPDL work. The quadrant illustrates the relationships and effects among the
six characteristic attributes in the work study program, as shown in Figure 2. The development of this quadrant is
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based on the five case studies carried out in this research. There are four zones in this quadrant, namely A, B, C, and
D. Zone A is in the level of capture-able and analyzable data, while Zone B is in the level of capture-able data but
having difficulties/non-analyzable data. Zone C is in the level of both difficult/ non-capture-able as well as facing
difficulties/non-analyzable data. Zone D is where data is non capture-able but analyzable. Theoretically, no task fall
in this category.

Example(s) of Zone C:

Most time elements are capture-able by recording, except under conditions where the items occur very randomly such
that they need much resource for recording (Category b2). For example, this type of incident occurs only once or twice
quarterly or annually. Given the duration of method study, it is beyond the budgeted resource to wait for data capturing.
Category c2 takes place where the task scope is not clearly defined. This type of time element may be excluded. In
short, b2 and c2 are non-analyzable because the raw data is not captured.

Example(s) of Zone B:

There are two attributes in Zone B, which are d2 (group activities) and time elements for thinking process, which are
mostly judgmental activities, f2. The time for a person to think, analyze and decide has a greater variety compared to
a person to perform a defined manufacturing task. It is difficult capture the time involved for f2 because this type of
metal activity practically does not involve body moment that is physically observable, and the duration depends on
unquantifiable factors. Furthermore, the time required by one person can be very different from the time required by
another person (International Modapts association, 2009). Similarly, quantifying the time elements to absolute units
and by an individual is difficult for d2 because the process has no discrete start or stop points (for f2). In short,
elements in this category can be recorded by a recorder, sampling, and other observable means. However, they have
no absolute start and stop points that can be used as the basis for single time element or a time element belonging to a
single person.

Example(s) of Zone A:
The rest of the attributes in Zone A are activities or motions that are capture-able as per the documented task scope.
They are quantifiable through measuring directly or are calculated according to the predicted frequency occurrence

and motion steps. The work activities in this zone normally happens in manufacturing and production processing lines,
where process steps are systematically defined, documented and strictly followed by workers.

Figure 2 Quadrant of ‘Data Capture-able versus Data Analyzable’

Highly analyzable

[ a Jcycle time range < >
b1 |Repetition of activities - fixed pattern
cl |Clear expectation

d1 [Individual activities

e |Number of steps

f1 |Driven factors - Motion driven |

Non Capture-able -

Highly Capture-able

&

f2 |Driven factors - thinking process driven I

b2 |Repetition of activities -random pattern H I d2 |Gr0up activities
c2 |Ambiguitive expectation I

Non analyzable
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4.2 Work M easurement Techniquesin the Quadrant

Through the understanding of the characteristic attributes, the mapping of the work study methods is aligned to the
Quadrant of ‘Data Capture-able versus Data Analyzable’ as shown in figure 3. In the Zone A, there are clear divisions
to two subzones. Zone Al features the methods that cater for time elements with very sharp and absolute start and
end points. The most prominent character is the frequency of occurrence and its repetitiveness. Examples of Zone Al
tasks are machine processing time or loading a device by an operator at a fixed hour. Examples of Zone A2 tasks are
similar to Zone Al in terms of occurrence frequency of device loading but the time required to perform the task may
vary by uncertain factors such as by batch size, by quality performance, shift pattern, and other environmental factors.
Although the work task and motion are describable, cycle time is non-discrete and thus time value is difficult to be
assigned in absolute terms.

To overcome the problem, instead of measuring each motion, time value is assigned to a batch of activities that are

describable in ‘motion’ or in terms of the total process steps in a high level context. The batch activities are then
assigned with a referencing code or equivalent identification, which is normally called the data sheet.

Zone B and Zone C are the techniques which are mostly based on estimation or prediction due to task activities are
not analyzable.

Figure 3 Work Measurement techniques in Quadrant by ‘Data Capture-able versus Data Analyzable’

Highly analyzable

Al ™\

e Stop watch

Non Capture-able m— Highly Capture-able

4

Non analyzable

4.3 Increase chances of Data Capture-ability and Data Analyzability

As shown in Figure 2 and Figure 4, if the frequency-related characteristic attributes are enhanced through a more
defined procedure, work steps, and structured work instructions, or when the activities occurrence frequency is
recorded and retrievable, leveraging the latest smart IT solutions, b2 and c2 elements can shifted to Zone A. This
shift will enable a more accurate analytical method. Figure 4 illustrates how the shift improves the chances of
capturing the time elements.

On the other hand, to increase the chances of setting the standard task time for zone B items, which are non-discrete
activities, the most possible improvement is to consider grouping the items that require information processing,

a.k.a. thinking by levels for time value assignment. If possible, the thinking or judgmental process is made through
smart IT solutions instead of human processing, not only for time saving but for consistency in quality, especially
when this involves mass production.
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Figure 4 Shift of b2 and c2 to the Zone A in the Quadrant by ‘Data Capture-able versus Data Analyzable’ to
improve time capture-ability

Al
Highly analyzable * Stop watch
* PDTS
A2
« Datasheet
e Work Sampling
y bl [Repetition of activities - fixed pattern
L7 ! cl |Clear expectation |
Non Capture-able = & Highly Capture-able
s’ 7
. *
< 2z
b2 |Repetition of activities -random pattern |
c2 |Ambiguitive expectation

Non analyzable

5. Validation and Use of Quadrant of Data Capture-ability and Data Analyzability

To ensure the suitability of the ‘Data Capture-able versus Data Analyzable’ quadrants and work methods in each
zone, 13 cases from the literature are examined. The 13 cases are all NPDL scenarios from factories, offices and
administrative centers, hospitals, outdoor work plantation, construction, and plumbing works. All the cases are given
in Table 4, where the summary of the work measurement methods used in the cases are included. They all match
with the Quadrant’s prediction. Nine out of 13 cases from Zone B use work sampling, while others are in Zone C.

Table 4: Work Measurement Methods used in the 13 NPDL cases

13

Non-
continuous
IDL

Case 1 2 3 4 5 6 7 8 9 10 11 12

Cancer
screening

Office
work

Customer
service

Construction
work

Disassembly
products

Work Nature Manufacturing Nursing Office work Farmer | Plumbing | Sewing | Sales person

Stop Watch
Work Sampling
PMTS
Auto log
Estimation
Self Recording

WM Method

Others

In house data
sheet

Control
Survey

Self
recording

log book
records

(transaction

MUA - Major
Unit of
Activity

Zone (Actual)

A2

A2,B,C

B&C

B&C

B

Zone (Quadrant theory)

Al

A2&C

A,B&C

A,B&C

A, B&C

A,B&C

A, B&C

A,B&C

A&B

A, B&C

A, B&C

A,B&C

A&C

It is noticed that the driving factors are the frequency and time element discreteness- related factors. The
characteristic attributes of b2 and c2, which contribute to the difficulty of capturing the time elements, are boxed up
in orange color in Table 5. The characteristic attributes d2 and 2 affect the time elements data analysis, which are
boxed up in red, as shown. As discussed earlier, loose definitions in work task processing steps and occurrence
frequency prediction are among the key factors which are correctable. For the 13 cases, the analysis shows that with
the fine-tuning of these shortcomings, the work measurement methods may possibly shift to Zone A in all the cases
from Zone C.
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Table 5 The Impacts of Work Measurement Methods characteristic attributes of b2, c2, d2 and f2 in the 13
NPDL cases

" " N Non-
Work Nature ing o Construction Nursing Office Office work Custfzmer Cancer‘ Farmer [ Plumbing | Sewing | Salesperson | continuous
products work work service  |screening oL
Short A A
a Discrete-ness : Medium A A A A
Cycle Time Length Long A A A A
Mixture A A A A A A A
b1 |Fixed Repvetitive/ R R R R
routine
b Frequency « Randorm C C
Repetition Pattern - Mixture: r‘ar‘\dom ¢ c c c @ @ c © c
& repetition
Unpredictable
¢ Frequency: | c1 Available A A A A A
GRS Partially defined € € c c c €
Expoctation i Non defined c c c
d1 Individual A A A A A A A A A A
d Discrete-ness : 1-2 persons A A A A
Activities Grouping [ T small group B B B B ]
Large group B
1to10 A
10to 50 A A A
e Discrete-ness: # >30 with start and A A A A A A A A A
stop defined
steps/cycle
>50and / or
without clear A A A A A A
start & end
f1 Physical A A A A A A A A
Mind thinkinj B B B B B B
f  Discrete-ness:
observerable-ness | f2 Thinking,
judgmental, B B B B B B
decision making

6. Summary of NPDL Work Study Techniques

Rapid changes in product design drive many changes in manufacturing. Product quality performance, type of raw
materials needed, and machine/tool conversion need to be taken into consideration at all times. The chain effect will
in turn affect the cycle time and frequency of tasks to be carried out. To ensure that NPDL calculations are accurate,
the calculations should be examined regularly.

Traditionally, NPDL resource is justified through the process owners who list out all activities to be carried out. Hence,
the justification is looked at without considering standard time and occurrence frequency patterns. There is no
verification by industrial engineers in this matter. Therefore, ‘buffering’ is carried out during resource planning in
order to avoid labor constraint.

Now, with the new NPDL model, task activities are clearly defined, and usage is transparent. However, management
should be aware that each of the methods has its strength and shortcomings in analyzing different types of work
activities (Sherlock, n.d.). Details and accuracy are the tradeoffs against speed and cost of application (Daniels, 1991).
If the time work task content and steps are loosely defined, choosing methods for standard setting should be based on
objective and needs, rather than ‘absolute accuracy’. As highlighted by previous research, for example Dossett (1995),
‘there is no such thing as an “absolutely accurate” labor standard time. Human workers come in at least a billion
specifications and work under varying environmental conditions’.

Similarly, as pointed out in the Quadrant of ‘Data Capture-able versus Data Analyzable’, the choice of work study
can be shifted if certain conditions are met. It must be a conscious effort to set up conditions which are ‘scan-able’,
readable, and capture-able.

Besides the technical perspective, potential resistance from the owner groups may arise. Thus, refusal to accept
changes in planning using modeling is not a surprise. Management must ensure that there is continuous support so
that documentation of standard work and cooperation among workers continue.

7. Future Work
It has been demonstrated in this thesis that NPDL workforce requirement can be derived from a systematic and logical
approach through work measurement methods. The computation of time standards and occurrence patterns may not
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be similar to the conventional PDL tasks, but they can be overcome with scientific and systematic approaches instead
of best estimates, gut feel, past experiences, and PDL: NPDL ratios of the past.

The future workforce model which shifts towards an integrated ‘digital and human’ patterns or mixture of ‘robots and
humans’ working side by side shall need more flexible methods. This matches with the approach in this research
model, which is the ‘Data Capture-able versus Data Analyzable’ quadrant approach. The quadrants focus not on the
type of job alone, but also the scalability of the capture-ability and analyzability data.
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