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Time and Motion Study; One of the food industries that plays an important role in meeting community needs is
Ergonomics; Workforce the tofu and tempeh production industry. Therefore, this role must be supported by
Scheduling; Scenario adequate infrastructure and workforce capacity to ensure that the production process
Analysis; Productivity runs effectively. This research determines the appropriate number of workers using a

time-and-motion study to identify and eliminate unnecessary activities and establish
standard working times for tofu production. The XYZ tofu and tempeh factory in
Nabire has operated for approximately 10 years with six employees divided into two
production sections: two workers for tofu production and four workers for tempeh
production. A quantitative approach using direct stopwatch observation and the
Westinghouse performance rating method was applied. The results show that the
standard time for the entire tofu production process is 212.22 minutes, consisting of
177.73 minutes per box and an additional 34.49 minutes required only once at the
beginning of production. Workload analysis indicates that the workload per worker
decreases from 550.435 minutes with two workers to 485.443 minutes with three
workers, while daily output increases from six to eight boxes of tofu. The improvement
scenario involving three workers producing eight boxes results in a monthly wage cost
of IDR 4,500,000 and an income of IDR 118,380,000, making it more profitable than
the scenario with two workers (32.7% lower productivity) and the overtime scenario
with two workers (0.36% lower productivity). These findings imply that adding one
worker represents the most optimal policy for the factory to meet consumer demand
without overburdening existing employees.

INTRODUCTION

Micro, small, and medium enterprises form an important foundation for regional economies,
and one of the food industries that plays a significant role in meeting community needs is the tofu
and tempeh production industry. To ensure that the production process runs effectively, the tofu
and tempeh industry needs to be supported by adequate infrastructure and workforce capacity;

therefore, the appropriate number of workers must be determined. Previous research has stated
that the ideal number of workers for two production furnaces is eight employees in the tofu
production section and four employees in the tempeh production section (Hiller et al., 2015;
Nurwidiana & Ela, 2025; Saputro et al., 2024; Tajidan et al., 2024; Widjayanti, 2023).

The XYZ tofu and tempeh factory, located in the Nabire region, has been operating for
approximately 10 years with six workers divided into two production sections, namely two
workers for tofu production and four workers for tempeh production. The factory’s production
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capacity ranges from 5—8 boxes per day, with the output distributed to the morning market, the SP
market, and vegetable stalls. Production activities take place daily from 5:00 WIT to 17:30 WIT;
however, in practice, the soybean soaking process for tofu production begins at 3:00 WIT. The
factory’s production data are presented in Tables 1, 2, and 3.

Table 1. Tofu Production Process Data at the XYZ Tofu and Tempeh Factory Nabire

No Tofu Production Process Time
1 Raw Material Preparation 5 Minutes
2 Soybean Washing 10 Minutes
3 Soaking 540 Minutes
4 Grinding 10 Minutes
5 Cooking 20 Minutes
6 Filtering 15 Minutes
7 Coagulation 10 Minutes
8 Molding and Cutting 80 Minutes
9 Transferring Tofu to Box 5 Minutes
10 Processing 2 140 Minutes
11 Processing 3 140 Minutes
12 Processing 4 140 Minutes
13 Processing 5 140 Minutes
14 Processing 6 140 Minutes

Source: XYZ Tofu and Tempeh Factory Nabire

Based on Table 1, the tofu production process, from raw material preparation to transferring
the tofu into boxes for subsequent processing, is carried out by two workers, with each box
containing 64 pieces of tofu. The tofu-making process at this factory is still performed using simple
methods and primarily traditional equipment, with limited technological support, such as the use
of a grinding machine (Ariyani, 2019; Nadiyah et al., 2026; Widjayanti, 2023; Zhang et al., 2018).

Table 2. Tempeh Production Process Data at the XYZ Tofu and Tempeh Factory Nabire

No Tempeh Production Process Time
1 Soybean Material Preparation 5 Minutes
2 Soybean Washing 10 Minutes
3 Soybean Soaking 480 Minutes
4 Boiling 120 Minutes
5 Cooling 20 Minutes
6 Yeast Mixing and Spreading 10 Minutes
7 Soybean Wrapping 120 Minutes
8 Transferring to Rack 13 Minutes
9 Processing 2 283 Minutes

Source: XYZ Tofu and Tempeh Factory Nabire

The tempeh production process presented in Table 2 begins with raw material preparation
and ends with transferring the tempeh onto stacked racks. The fermentation process of soybeans
into tempeh takes 48 hours, or approximately two days, until the tempeh is ready for marketing.
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Meanwhile, tempeh workers continue the production process daily without waiting for the
fermentation process to be completed.

Table 3. Monthly Production Volume of Tofu and Tempeh at XYZ Nabire (May 2025)

Product ype Daily Output Monthly Output Unit Unit Price
Tofu 384 11,776 Pieces IDR 8,000
Tofu Dregs 6 186 Sacks IDR 50,000
Large Tempeh 1,500 45,000 Pieces IDR 10,000
Small Tempeh 350 10,500 Pieces IDR 5,000
Gembus Tempeh 50 1,500 Pieces IDR 1,000

Source: XYZ Tofu and Tempeh Factory Nabire

Based on Table 3, a daily tofu output of six boxes, or 384 pieces, is produced by two workers
who must work beyond regular working hours, while actual consumer demand exceeds this
production capacity. If production were increased without adjusting the number of workers, tofu
production workers would be at risk of overtime and fatigue because they do not have sufficient
rest periods from the beginning to the end of the production process, unlike tempeh workers who
have breaks during the soybean boiling process. High consumer demand requires the company to
continuously optimize its production capacity; therefore, a time-and-motion study is needed to
identify and eliminate unnecessary activities and establish standard working times for tofu
production. The factory had planned to recruit additional employees but had not yet determined
the appropriate number of workers required. Workforce scheduling can be defined as determining
the right number of workers (right number), with the right qualifications (right people), in the right
location (right place), and at the right time (right time). Based on this description, this study aims
to determine the appropriate number of workers required to increase tofu production at the XYZ
tofu and tempeh factory in Nabire using the time-and-motion study method. The scope of the study
is limited to the tofu production workforce and engineering analysis for determining workforce
requirements (Ramadhania, 2025; Widodo et al., 2022).

Several previous studies relevant to the topic of determining the number of workers are

presented in Table 4.
Table 4. Summary of Previous Research
Researcher . o e e
No (Year) Title Main Findings

1 Haikal (2024)

2 Sumerli (2023)

3 Thsan et al.
(2022)

Analysis of the Number of Workers
in the Tofu Industry Using the WLA
and WFA Methods

Productivity Optimization Using the
Time and Motion Study Method at
PT XYZ

Analysis of Workforce Needs in the
Tissue Packing Area
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Standard times and WLA/WFA
values vary across work elements;
the WLA-WFA method can serve as
a reference for determining the
number of workers.
Implementing TMS increased
production output by 6—18% with a
reduction in cycle time from 3.32 to
2.98 seconds per unit.
Standard time for packer 1 was 199.6
seconds and packer 2 was 194.1



seconds; one additional worker was
required at each station.

4 Afiani et al. Determination of Standard Tim Standard process time for the ITC
(2017) Using the Stopwatch Time Study product was 4,244.5 seconds, or
Method, Case Study of CV. MANS 70.74 minutes per product.
Group
5 Ardhandy etal.  Improvement Productivity Using the =~ Optimizing the number of operators
(2025) Time Motion Study Method in the from 6 to 5 people increased
Soy Dissolving Area of PT XNX workforce productivity to a higher

level than the initial 53.11%.
Source: Compiled from various previous studies (2017-2025)

Based on these previous studies, the time-and-motion study approach has proven to be
relevant for determining standard times and workforce requirements across various manufacturing
industries. Therefore, its methods and measurement procedures can serve as references for this
study.

Theoretically, a time-and-motion study utilizes elements from various work procedures,
whether involving machines, workers, or a combination of both, to establish standard working
times through direct time measurement using a stopwatch (stopwatch time study) or through work
sampling for tasks with uncertain durations (Muti et al., 2022; Al Faridzi et al., 2022; Nurdiansyah
& Satoto, 2023). Workload, which arises from task demands, the work environment, and worker
capabilities, needs to be measured objectively so that companies can determine the ideal number
of workers, as both an excess and shortage of workers can affect productivity and worker welfare
(Yusuf, 2019; Aminah & Porusia, 2024). Productivity itself is the ratio between the output
achieved and the total resources (input) used per unit of time (Juwardi et al., 2023). Therefore,
productivity improvement can be achieved, among other ways, by producing greater output using
the same resources or by adding relatively small additional resources. In addition to time and
productivity, ergonomics is also an important consideration because work that is not ergonomically
designed can cause discomfort, fatigue, decreased performance, and an increased risk of accidents
or occupational health disorders (Hoe et al., 2018; Rahma, 2025). These three aspects—standard
time, productivity, and ergonomics—form the basis for determining the appropriate number of
workers in this study.

Based on the problem formulation above, this study aims to measure the standard working
time for tofu production using the time-and-motion study method, determine the appropriate
number of workers required to meet the daily target of eight boxes, compare three workforce
scenarios (two workers, two workers with overtime, and three workers) in terms of productivity
and profitability, analyze workload distribution and ergonomic aspects before and after workforce
addition, and provide recommendations for optimal workforce scheduling that maintains worker
welfare. The benefits of this research are expected to be experienced by various parties. For factory
management, the results provide objective data for decision-making regarding workforce addition,
cost-efficiency analysis, and production optimization while maintaining worker welfare. For
similar small and medium enterprises, this study serves as a practical reference for applying time-
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and-motion study methods to determine workforce requirements under limited resources. For the
development of industrial engineering knowledge, this research enriches the literature on the
application of time-and-motion studies in the traditional food industry and validates the
effectiveness of combining stopwatch studies, the Westinghouse rating system, and scenario
analysis. For academics and future researchers, this study provides baseline data and a case study
for further research development.

METHOD

This research used a quantitative approach based on positivist philosophy. Data were
collected using research instruments and analyzed statistically to determine the appropriate number
of workers required to increase production at the XYZ tofu and tempeh factory in Nabire through
a Time-and-Motion Study (TMS) and engineering analysis approach. The research was conducted
at the XYZ tofu and tempeh factory located on Jalan Jayanti, Central Papua Province, in August
2025. The research stages included preparation, data collection, data processing, and data analysis.

Data were collected through direct observation of working conditions, interviews with the
factory owner and workers, and documentation of factory records. Working time was measured
directly using a stopwatch to determine the cycle time for each work element, with 18 observations
conducted for each work element across the 10 stages of tofu production. Worker performance
ratings were assessed using the Westinghouse method. The standard time data were then processed
using Microsoft Excel, followed by scenario analysis and engineering analysis.

The research flow consisted of three main stages: initial identification, data collection and
processing, and analysis. The identification stage included reviewing the research background,
literature, field conditions, problem formulation, objectives, benefits, and research scope. The data
collection and processing stage involved identifying tofu production work elements and analyzing
time-and-motion study data through stopwatch time study and work sampling. The analysis stage
compared the initial and improved tofu production conditions to develop conclusions and
recommendations. The research flow is presented in Figure 1.
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Figure 1. Research Flow
Source: Author's Compilation (2025)

The work measurement calculations in this study used standard equations from industrial
engineering. Cycle time was calculated as the average observation time (3 x/N). Normal time was
obtained by multiplying the average cycle time by the performance rating based on the
Westinghouse system, which considered skill, effort, working conditions, and consistency factors.
Data uniformity was tested by calculating the upper control limit (UCL) and lower control limit
(LCL) using the standard deviation at a 95% confidence level (k = 2). Data were considered
uniform when all observation points fell within the specified control limits. Data adequacy was
tested at a 95% confidence level with a 10% degree of accuracy using the adequacy test formula,
and the data were considered sufficient when the calculated sample size (N') was less than or equal
to the number of observations (N). Standard time was calculated by adjusting normal time with
the allowance factor, using an allowance value of 12% (10% for workers and 2% for machines).

The number of workers (JTK) was calculated by dividing the total workload, which consisted
of standard time multiplied by the daily production quantity, by the total effective working time
per day. Scenario analysis was then conducted to compare three alternative company policies: the
initial condition, the addition of overtime hours, and the addition of workers. The scenarios were
evaluated based on wage costs, sales income, and productivity changes. The final analysis stage
applied the Need-Know-How-Solve (NKHS) engineering method to systematically formulate
solutions for determining the required number of workers.
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RESULTS AND DISCUSSION

Identification of Tofu Production Work Elements
Implementation of the Time and Motion Study begins by defining the work to be measured
and dividing the work cycle into work elements according to established rules. Time observations

and measurements were carried out 18 times for each work element across the 10 stages of tofu
production work, carried out during working hours from 05.00 to 17.30 WIT. These ten work-

element stages are presented in Table 5.

Table 5. Work Elements in the 10 Stages of Tofu Production

Sequence Work Element

1

2

3

10

Raw Material Preparation: lifting soybeans from the warehouse
and opening soybean sacks

Soybean Washing: pouring soybeans into the strainer/tub and
washing them with water

Soybean Soaking: pouring soybeans into the box/tub and filling it
with soaking water

Soybean Grinding: transferring soaked soybeans, sprinkling
water, and grinding with a machine

Cooking: cutting firewood, lighting the boiler, cooking, and
adding water

Filtering: washing/mounting the filter cloth and filtering the
soybean extract

Coagulation: adding vinegar solution and draining the settled
water

Molding: washing the cloth, transferring the tofu curd, and
closing the mold

Cutting Tofu: opening the mold/cloth, measuring, and cutting the
tofu

Transferring Tofu to Box: filling the box with water and
transferring the tofu

Source: Observation Data

Cycle Time Measurement

Each work element was measured using a stopwatch for 18 observations (N=18). A
recapitulation of the total time and average observation time for the 15 work sub-elements is
presented in Table 6.

Table 6. Recapitulation of Cycle Time Measurement Results

No Work Element N Total Time Average
(times) (Minutes) (Minutes)
1 Lifting soybeans from the warehouse and opening 18 51 2.8
soybean sacks
2 Pouring soybeans into the strainer/tub and washing 18 159 8.8
with water
3 Pouring soybeans into the box/tub and filling with 18 72 4

soaking water
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4 Transferring soaked soybeans to sacks/trays and 18 263 14.6
sprinkling water

5 Turning on the grinding machine and pouring 18 204 11.3
soybeans into the machine

6 Cutting firewood and lighting the boiler 18 80 4.4

7 Cooking and adding water after foaming 18 581 322

8 Washing/mounting the filter cloth and filtering the 18 340 18.8
soybean extract

9 Adding vinegar solution and coagulation 18 192 10.6

10 Draining the settled water with a hose 18 79 43

11 Washing the cloth and placing it in the mold 18 29 1.6

12 Transferring the tofu curd to the mold and pulling 18 81 4.5
the cloth

13 Closing the mold and lifting the weight stone 18 1090 60.5

14 Opening the mold/cloth, measuring, and cutting the 18 47 2.6
tofu

15  Filling water into the tofu box and transferring the 18 64 3.5

tofu into the box

Source: Observation Data (processed)

the calculation of normal time and standard time in the subsequent stages.
Data Uniformity Test

The data in Table 6 serve as the basis for the data uniformity test, the data adequacy test, and

The data uniformity test was performed to ensure that the observed data fall within the control

limits at a 95% confidence level (k=2), using the formula UCL = X + ko and LCL = X — ko. The
results of the uniformity test for all work elements are presented in Table 7.

Table 7. Results of Data Uniformity Test

No Work Element ucCL LcL  Otandard o Average
Deviation (Minutes)

| LlftlI.lg soybeans from the warehouse and 156 205 0.38 )3
opening soybean sacks

) Pour1.ng so?fbeans into the strainer/tub and 10,36 794 0.78 3.8
washing with water

3 P01.1r1ng 'soybean.s into the box/tub and 5.08 > 0.54 4
filling with soaking water
Transferri k

4 ransferring soa efi so?fbeans to 15.52 13.68 0.46 14.6
sacks/trays and sprinkling water

5 Turning on the grinding machine and 12.66 9.94 0.68 113

pouring soybeans into the machine
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Standard Average

No Work Element UCL LCL Deviation  (Minutes)

6 Cutting firewood and lighting the boiler 5.8 3 0.7 4.4

7 Cooking and adding water after foaming 33.8 30.74 0.75 322

2 Wasl}lng/mountlng the filter cloth and 21.08 16.52 L14 18.8
filtering the soybean extract

9 Adding vinegar solution and coagulation  11.96 9.24 0.68 10.6

10  Draining the settled water with a hose 5.52 3.08 0.61 43

1 Washing the cloth and placing it in the 26 0.6 0.5 L6
mold

12 Trar}sferrlng the tofu curd to the mold and 5.5 348 0.51 45
pulling the cloth

13 Closing the mold and lifting the weight 62.06 58.04 0.78 60.5
stone

14 Ope.mng the mold/cloth, measuring, and 16 L6 0.5 26
cutting the tofu

15 Filling water into the tofu box and 495 248 0.51 15

transferring the tofu into the box

Source: Observation Data (processed)

Based on the control-limit calculation results in Table 7, all observation data fall within the
UCL and LCL range, so the data are declared uniform and suitable for use in the subsequent
calculation stages.
Data Adequacy Test

The data adequacy test was carried out with a 95% confidence level (k=2) and a 10% degree
of accuracy (s=0.1) using the formula N’ = [(k/s)\/(NZX2 — (2x)?) / > xJ*. The data are declared
adequate if the required number of observations (N’) is less than or equal to the number of
observations already performed (N=18). The results of the data adequacy calculation for each work
stage are presented in Table 8.

Table 8. Results of Data Adequacy Test

N’ (Calculated

Sequence Work Element N (times) Result) Remarks
1 Raw Material Preparation 18 6.76 Adequate
2 Soybean Washing 18 2.89 Adequate
3 Soybean Soaking 18 33 Adequate
4 Soybean Grinding 18 0.36 Adequate
5 Cooking 18 1.36 Adequate
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N’ (Calculated

Sequence Work Element N (times) Result) Remarks
6 Filtering 18 9.48 Adequate
7 Coagulation 18 0.205 Adequate
8 Molding 18 0.23 Adequate
9 Cutting Tofu 18 1.56 Adequate
10 Transferring Tofu to Box 18 9.67 Adequate

Source: Observation Data (processed)

Table 8 shows that the N’ value for all work stages is smaller than N=18, so the number of
observations already performed is declared adequate and no additional observations are required.
Performance Rating, Normal Time, and Standard Time

The performance rating assessment uses the Westinghouse system, which considers worker
skill, effort, working condition, and consistency. Normal time is calculated by multiplying the
average cycle time by the performance rating, while standard time is obtained by adding an
allowance of 12% (10% worker allowance and 2% machine allowance) to the normal time using
the formula Standard Time = Normal Time % [100%/(100%—%allowance)]. The calculation results
are presented in Table 9.

Table 9. Performance Rating, Normal Time, and Standard Time

Performance Average Normal Standard
No Work Element Ratin Cycle Time Time
8 Time (Minutes) (Minutes)

1 Lifting sqybeans from the warehouse 111 23 3.108 311
and opening soybean sacks

) Pouring spybegns into the strainer/tub 1.07 23 9.416 9.42
and washing with water

3 Pogrlng §oybeags into the box/tub and 118 4 472 472
filling with soaking water
Transferring soaked soybeans to

4 sacks/trays and sprinkling water 118 146 17.228 17.24

5 Tumingon the grinding machine and -, , 11.3 12.656 12.67
pouring soybeans into the machine

6 Cu'ttlng firewood and lighting the 1.08 44 4750 475
boiler

7 Cook}ng and adding water after 11 322 35.42 35 46
foaming

] Washlng/mountlng the filter cloth and 114 18.8 21432 2145
filtering the soybean extract

g  Adding vinegar solution and 1.18 10.6 12.508 12.52
coagulation

10  Draining the settled water with a hose 1.18 4.3 5.074 5.08
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Average Normal Standard

No Work Element Perlgoartlirlllance Cycle Time Time
g Time (Minutes)  (Minutes)
1 Washing the cloth and placing it in 118 1.6 1.888 1.89
the mold
Transferring the tofu curd to the mold
12 and pulling the cloth 1.18 4.5 5.31 5.31
13 Clqsmg the mold and lifting the 118 605 7139 71.47
weight stone
14 Openmg the mold/cloth, measuring, 113 26 2938 294
and cutting the tofu
15 Filling water into the tofu box and 118 35 413 413

transferring the tofu into the box

Source: Data Processing Results

The total normal time for all tofu production work elements is 211.97 minutes, so the total
standard time for the entire production process is 212.22 minutes. This standard time consists of
34.49 minutes for work elements 14, which are initial production activities (performed only once
at the start, namely preparation through grinding of raw materials), and 177.73 minutes for work
elements 5-15, which represent the standard time for processing one box of tofu. These findings
show that the cooking process (work element 7) and mold closing (work element 13) are the
activities with the largest standard time durations, at 35.46 minutes and 71.47 minutes respectively,
making them the critical points (bottlenecks) in the tofu production process.

Figure 2. Tofu Product of the XYZ Tofu and Tempeh Factory Nabire
Source: XYZ Tofu and Tempeh Factory Nabire Documentation (August 2025)

Determination of the Number of Workers

The tofu production demand that must be met each day is 8 boxes, so the number of workers
(JTK) required is calculated by dividing the workload by the total effective working time. The
initial workload (2 workers, 6 boxes) is calculated as (6 x 177.73) + 34.49 = 1,100.87 minutes,
while the improved workload (8 boxes) is calculated as (8 x 177.73) + 34.49 = 1,456.33 minutes.
With a total effective working time of 9.35 hours (561 minutes) per day, JTK = 1,456.33 / 561 =
2.6 = 3 workers.

Based on these calculation results, the workforce requirement for tofu production is 3 people,
an increase from the initial condition of 2 people, so tofu production can be increased from 6 to 8
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boxes per day. A comparison of the workload before and after the improvement in the number of
workers is presented in Table 10.
Table 10. Improvement in the Number of Workers and Workload

Work Initial Initial Workload Improved ;‘:ﬂ;‘;ﬁ:ﬁ
Element Workers (Minutes/Worker) Workers (Minutes/Worker)
Tofi
o 550.435 3 485.443
Production

Source: Data Processing Results. Initial workload = 1,100.87 : 2 = 550.435 minutes; improved workload = 1,456.33
: 3 =485.443 minutes.

Adding one worker reduces the workload per worker from 550.435 minutes to 485.443
minutes, while simultaneously increasing production capacity from 6 to 8 boxes of tofu per day.
As a result, the daily production target can be met and the workload of the tofu production
workforce is significantly reduced.

Figure 3. Tofu and Tempeh Production Process at the XYZ Factory Nabire

Source: XYZ Tofu and Tempeh Factory Nabire Documentation (August 2025)
Scenario Analysis and Productivity

Scenario analysis was carried out to compare the impact of workforce policies on wage costs
and factory income. Scenario one is the initial condition with 2 workers without a production
increase; scenario two is 2 workers with an additional 4 hours of overtime per day, following the
provisions of Law No. 35 of 2021 on Job Creation (overtime wage of 1.5 times the hourly wage),
to reach a production of 8 boxes; and scenario three is an increase to 3 workers without overtime
to reach a production of 8 boxes. The calculation results for wage costs and income for the three
scenarios are presented in Table 11.
Table 11. Results of Cost and Income Scenario Analysis

Monthly Wage Monthly

Scenario Workers Daily Production Cost Income
é&ndig?én) 2 people, no overtime 6 boxes (384 pieces) IDR 3,000,000 g;ﬁ 60,000
2 (Overtime) f) Vpe?gee;lfyhours 8 boxes (512 picces) IDR 4,925,280 11?5,9 54720
%gggri;ional 3 people, no overtime 8 boxes (512 pieces) IDR 4,500,000 11?23 80,000

Source: Data Processing Results
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Productivity across scenarios is calculated using the formula Productivity = [(New Income
— Old Income)/Old Income] % 100%. The comparison between scenarios 1 and 2 yields a
productivity of 32%; the comparison between scenarios 1 and 3 yields a productivity of 32.7%;
while the comparison between scenarios 2 and 3 yields only a 0.36% difference in productivity. A
recapitulation of the productivity calculation results is presented in Table 12.
Table 12. Productivity Across Scenarios

Comparison Income Difference Productivity
Scenario 1 vs Scenario 2 IDR 28,794,720 32%
Scenario 1 vs Scenario 3 IDR 29,220,000 32.7%
Scenario 2 vs Scenario 3 IDR 425,280 0.36%

Source: Data Processing Results

The analysis results show that scenario three, namely adding one worker to make a total of
3 people to achieve a production of 8 boxes of tofu, provides the highest income of IDR
118,380,000 with a wage cost of IDR 4,500,000, and is more profitable than either scenario one
or scenario two. Although scenario two (overtime) can also achieve the target production of §
boxes, the overtime cost that the factory must pay is higher, while its productivity is only 0.36%
behind scenario three, so adding workers remains a more efficient and sustainable policy compared
to continuously relying on overtime hours.

Ergonomics and Workforce Scheduling Review

The workload assigned to employees directly affects company operations, because workload
arises from task demands, the work environment, worker capability, and interactions among
employees. Before the improvement, the two tofu production workers bore an average workload
0f 550.435 minutes per worker without any rest period from the beginning to the end of the process,
unlike tempeh workers who have a break during the boiling process. This condition is consistent
with physical ergonomics theory, which states that excessive physical workload sustained
continuously without recovery time can cause fatigue, decrease work performance, and increase
the risk of musculoskeletal disorders. After adding one worker, the workload per worker decreased
to 485.443 minutes, so from an ergonomic standpoint the distribution of workload across three
workers becomes more balanced, and the risk of work fatigue can be reduced, while still being
able to meet the increased production target from 6 to 8 boxes of tofu per day.

From the workforce scheduling perspective, the results of this study confirm that scheduling
relates to the allocation of the right resources, namely determining the right number of workers
(right number), with the right specifications (right people), in the right place (right place), and at
the right time (right time). Adding one worker to the tofu production section is a form of
rescheduling the allocation of human resources that not only increases resource utilization and
reduces process waiting time, but also reduces the risk of delays in meeting consumer demand.
Compared with the option of adding overtime hours in scenario two, the option of adding workers
in scenario three proved to be more profitable as well as more ergonomic, because it does not
repeatedly burden the same workers with additional working hours, but instead distributes the
workload to new workers, thereby better preserving long-term productivity sustainability.
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Engineering Analysis Using the Need-Know-How-Solve Method

Engineering analysis using the Need-Know-How-Solve (NKHS) method was used to
systematically formulate a solution for determining the number of workers. In the Know aspect, it
is known that two workers were only able to produce 6 boxes of tofu (64 pieces per box) within a
working time of 9.35 hours. In the How aspect, the time and motion study methodology was used
to determine the standard time and workforce requirements in a measurable way. In the Solve
aspect, the result of determining the number of workers shows that by adding one worker, the
factory can produce more than 6 boxes, namely 8 boxes of tofu, within the same working hours.
This finding confirms that determining the number of workers based on time and motion study can
be an effective and efficient solution for small-to-medium-scale tofu and tempeh factories in
meeting production demand without sacrificing worker welfare.

CONCLUSION

Based on the analysis and data processing conducted in this time-and-motion study at the
XYZ tofu and tempeh factory in Nabire, it can be concluded that the standard time for the entire

tofu production process was 212.22 minutes, consisting of 177.73 minutes for the production
process per box of tofu and 34.49 minutes for initial production activities performed only once.
The workload calculation results showed a decrease from 550.435 minutes per worker with two
workers to 485.443 minutes per worker after increasing the workforce to three workers, which
simultaneously increased production capacity from six to eight boxes of tofu per day. The
improvement scenario involving three workers producing eight boxes of tofu resulted in wage
costs of IDR 4,500,000 and income of IDR 118,380,000, making it more profitable than Scenario
1, with a productivity increase of 32.7%, and Scenario 2, involving overtime work, which only
resulted in a productivity increase of 0.36%. Therefore, adding one worker was identified as the
most optimal policy for the factory to meet production demand without overburdening existing
workers. Based on these findings, it is recommended that the XYZ tofu and tempeh factory in
Nabire periodically evaluate workload distribution and workforce requirements in each production
unit to ensure that labor needs remain aligned with dynamic market demand. In addition, the
factory may consider balancing workloads through worker rotation between the tempeh and tofu
production units as a short-term alternative before recruiting additional workers, thereby reducing
operational costs without compromising production capacity or worker welfare.
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