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Abstract

This research implemented management indicators to increase productivity at the ice plant, seeking
to align with SDG 9 through the construction of resilient infrastructure, promoting sustainability and
innovation. The overall objective was to improve plant productivity through the application of
management indicators. The research was applied, with a quantitative approach and a pre-
experimental design, analyzing production records. Results showed a 52.49% increase in production
and a 107.65% increase in gross profit, with 52.50% of production capacity being utilized. These
improvements were attributed to the implementation of a balanced scorecard, standardization, the
Kanban board, enhanced maintenance management, and staff training. Additionally, raw material
productivity increased by 7.66%, labor productivity by 130.02%, and total productivity by 53.37%.
These improvements were demonstrated through inferential testing, yielding a p-value of 0.006 (p <
0.05), thus confirming the hypothesis. In conclusion, the establishment of management indicators
enabled the implementation of significant improvement actions within the organization.

Keywords: indicators; productivity; production

1. Introduction

Currently, ice production industries have established a crucial role in processes requiring
product preservation. Furthermore, meeting the demand for ice blocks has become a challenge for
organizations in the sector, which seek not only to increase productivity but also to guarantee a
product that meets the required specifications [1]. Within this context, promoting SDG 9 through the
identification and application of management indicators is relevant, aiming to optimize production
processes, strengthen the industry’s competitiveness, and promote innovative practices.

Globally, organizations sought to align their indicators with strategic management, which led to
overexertion, operational deviations, and a misconception of success or failure . This was the case in
European companies, where 66% reported lacking clear indicators to align their organizational
performance [2]. 62% of leaders were overwhelmed by the large amount of data generated, hindering
their ability to analyze their performance, and only 23% had a real-time system for robust data
analysis [3].

At the national level, public investment projects have reflected a lack of alignment between
management indicators and project objectives, as the investment level was only 62.1%, demonstrating
alack of planning and delays in monitoring progress [4]. Similarly, the productivity rate of companies
in Peru decreased by 11.12% in 2020, due to the impact of the global health crisis on organizations
and government entities [5].

This research was conducted at an industrial ice production plant that supplies the fishing, agro-
industrial, and food industries. Currently, the ice plant is experiencing low productivity in its
operations. Among the causes are a lack of measurement, control, and analysis of its performance,
resulting in unplanned decisions based on experience, which in turn leads to poor production
planning. Another cause is the bottlenecks identified in the process due to failures in one of the plant’s
three compressors, caused by a lack of preventive maintenance. This has resulted in reduced

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2050.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2025 d0i:10.20944/preprints202512.2050.v1

2 of 24

production capacity, increased costs, overtime, and delays in order delivery to customers. Delays and
errors in order delivery have also been identified as contributing factors, as there is no standardized
process for fulfilling orders. This leads to delays in locating orders and allowing vehicle access to the
plant. Likewise, it has been identified that there is no defined production plan establishing monthly
goals in relation to projected demand and operational capacity, leading to disorganization and a
backlog of shipments until late at night. It should also be noted that the use of electricity and water
is constant, but because consumption rates are not monitored, hidden costs are being incurred that
impact the company’s profitability. Furthermore, production objectives are not defined, nor is there
any comparative monitoring of production against demand, resulting in low staff commitment and
reduced organizational performance.

The research question was formulated as follows: How does the application of key performance
indicators (KPIs) increase the productivity of an ice plant? Similarly, the general objective was
established as: To determine how KPIs increase the productivity of an ice plant, and specifically: To
diagnose the current state of the ice plant; To evaluate the current state of productivity of the ice
plant; To design and implement improvements in the ice plant ; and To analyze productivity after
the implemented improvements. The hypothesis was established as: The application of KPIs
increases the productivity of an ice plant.

2. Materials and Methods

The research was applied, as it sought to generate change or influence variables through the
application of improvement tools and/or methods [6]. Regarding the approach, this study was
considered quantitative since the resulting information was handled through statistical analysis [7].
The research design was pre-experimental, as the application of improvement methods to the
selected group allowed for a comparison of their results [8]. It also had an explanatory scope, as
actions were developed to understand how events occur at the ice plant.

Management indicators are tools that enable the deployment of organizational objectives and
strategies aimed at demonstrating results, fostering a leadership culture to achieve greater impact
and planned success [9]. Operationally, they are grouped through strategic indices for organizations,
providing a corporate vision and mission [10]. The dimensions defined are diagnosis,
implementation, control, and improvement.

Productivity reflects performance by referencing the interaction between inputs and outputs in
production processes. It is also noted that calculating productivity in the service sector is more
complex due to its variability and diverse characteristics across sectors [11]. Operationally, it
expresses the quality of processes by making appropriate use of resources [12]. Its dimensions include
raw material productivity, labor productivity, productive and unproductive activities, and total
productivity.

The population selected for analysis consisted of weekly productivity records from 2025. This
included records from that year and the weeks in which production processes took place. The sample
comprised records from six weeks within the months of May and June for the pretest, six weeks from
September and October for the posttest, and the improvement implementation was carried out
during the six weeks of July and August, using non-probability convenience sampling.

The techniques and instruments used in this study included direct observation, which was used
to analyze the causes of the problem using instruments such as diagrams, flowcharts, and checklists
for the management indicators variable; while for the productivity variable, the documentary
analysis technique was applied using instruments such as a productivity registration form and a
management indicators registration form.

Following data collection, the collected information was analyzed to obtain the results. The data
were entered into tables for refinement and to generate graphs that would provide a clear view of the
research findings. Programs such as Microsoft Excel and later SPSS version 29 were used to obtain
the frequency distributions necessary for the descriptive analysis.
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Regarding ethical considerations, participants in the research were informed and provided their
voluntary consent, with the assurance that data confidentiality would be maintained and that it
would not be disclosed to third parties. Similarly, the documentation and citation of sources were
properly supported to ensure transparency and ethical conduct throughout the research process.

3. Results
3.1. Diagnosis of the Current State of the Ice Plant

As shown in Figure 1, the block ice production process has 18 operating activities, 4
transportation activities, 2 inspection activities, and one delay activity, with a total of 25 activities
covering the process.

The survey results revealed the difficulties the company faces in measuring its performance and
taking action, as the use of KPIs has not been established in its core processes. While some areas do
have consumption metrics, these are not tracked regularly, are only performed at management’s
request, and are not aligned with organizational objectives.
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Figure 1. Process analysis diagram.
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Figure 2. Results of the interview conducted with the leaders.

The details of all the causes were visually elaborated by placing them in the Pareto diagram
(Figure 3) where the impact of the problem is represented based on 80/20, within which there are 04
main causes, which are: the lack of performance measurement, the lack of monitoring of consumption
indices, the existence of processes that are not standardized, and the lack of action in preventive

maintenance.
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Figure 3. Identification of causes using the Ishikawa diagram.

A total of 38 complaints were received during the six weeks evaluated, resulting in an average
customer satisfaction rate of 87.26%. The complaints primarily stemmed from delays in service and
shipping errors. Furthermore, the third week of May and the fourth week of June saw the highest

number of complaints from customers.

As shown in Figure 5, in the pre-test period it can be seen that the capacity used has been 3808
tons of ice, considering that the company established a total capacity of 6300 tons of ice in the
evaluated period and that only 60.44% of the total is being used on average.
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Figure 5. Level of utilization of production capacity (pre-test).

3.2. Evaluation of Initial Productivity

With the development of the registration forms, it was possible to consolidate the initial
productivity within the six weeks investigated, thus determining the productivity of the raw
materials and labor of the company.

Table 1. Pre-test determination of raw material productivity.

Week Month Production (t) Quantity of raw material used (™) Rawplif[)it:::ln(tt}/,m )
3 May 620.00 868.00 0.714
4 May 468.00 558.00 0.839
1 June 410.00 372.00 1.102
2 June 674.00 744.00 0.906
3 June 818.00 868.00 0.942
4 June 818.00 1116.00 0.733
Average 0.873

The productivity of the raw material reached an average of 0.873 tons per cubic meter of raw
material used for the production of ice blocks. This result indicates a productivity below the
company’s expected target of 1.48 tons per cubic meter of raw material used.

Table 2. Pre-test determination of labor productivity.

Week Month Production (t) ma(r;;l;{o)urs LI;I:;‘H((;I/‘II;Z)

3 May 620.00 455 1.36
4 May 468.00 420 1.11
1 June 410.00 350 1.17
2 June 674.00 420 1.60
3 June 818.00 490 1.67
4 June 818.00 525 1.56

Average 1.41

Labor-related productivity averaged 1.41 tons produced per man-hour, a low level for the
organization. This result fell short of senior management’s target of 3.87 tons per man-hour.

Table 3. Pre-test determination of total pre-test productivity.

WeekMonth Production value Energy cost Costof Labor cost Other costs Proit;i:lvuy

(S/) (S)  material (S/) (S)) (S) )
3 May 65,100.00 17,832.97  3,160.13  5,052.50  8,405.76 1.89
4 May 49,140.00 17,832.97  3,160.13  5,052.50  8,405.76 1.43
1  June 43,050.00 12,631.94 390325 637238  8,226.13 1.38
2 June 70,770.00 12,631.94 390325 6,372.38  8,226.13 2.27
3 June 85,890.00 12,631.94 390325 6,372.38  8,226.13 2.76
4  June 85,890.00 12,631.94 390325 6,372.38  8,226.13 2.76
Average 2.08

The pre-test of total productivity over the eight weeks evaluated showed that for every sol
invested by the plant, it generated S/ 2.08 in production. The first week of June showed the lowest
total productivity, while the last three weeks of June showed the highest.
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3.3. Design and Implementation of the Improvement

A schedule of activities was established that allowed the organization to monitor the stages
planned for this investigation:

The implementation of the balanced scorecard was developed with management support to
identify the objectives the company has set for improving its processes. These objectives are grouped
according to their financial perspective, customer-related aspects, processes, and the learning and
growth of their employees.
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Figure 6. Integrated dashboard design.
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Figure 7. Financial outlook of the ice plant.

The financial outlook for the ice plant’s dashboard for 2025, as of May and June, shows that total
sales in the pre-test period reached S/399,840,000, with a gross profit of 5/206,400,000, resulting in a
positive margin for the organization. Production costs represented 36% of sales, indicating efficient
cost management. The design of these indicators demonstrates that the plant maintains controlled
costs during this period.
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Figure 8. Customer perspective of the ice plant.

The customer perspective of the ice plant’s dashboard for the year 2025 in the months of May
and June, highlighting the level of service satisfaction of 87.26%, within the complaints it was evident
that dispatch errors are predominant, followed by delays in service, this showed problems in
fulfilling the deliveries of orders to customers.

The performance dashboard for the ice plant in May and June of 2025 showed that plant
utilization reached only 60.44%, with a raw material productivity of 0.87 tons per cubic meter. This
indicated that while the plant has adequate installed capacity, its low utilization level limited its
ability to reach maximum overall productivity. Furthermore, the dashboard revealed areas for
improvement in maintenance activities to ensure the efficient use of resources.

Figure 10 shows the learning and growth perspective of the staff in the ice plant’s dashboard for
2025, specifically for the months of May and June. During the pre-test, labor productivity reached
1.41 tons per man-hour, and no training had been conducted or scheduled during that period. While
the plant has managed to maintain labor productivity, the lack of training presented an opportunity
to strengthen skills and ensure process productivity.
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As part of the standardization stage, it was identified that the company currently does not have
documented processes, so the operational processes were identified where there is a need to be able
to prepare documents that allow the organization to standardize the way of carrying out operational

work.
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A flowchart was developed for the raw material receiving process, including the verification of
received supplies and the steps to ensure they meet quality requirements. Similarly, a flowchart for
ice production was created, describing the operational steps performed in the production tanks.
Finally, a flowchart for the dispatch of finished products was developed, outlining the steps for
delivering the products to the end customers.
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Figure 11. Flowchart of the raw material reception process.
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Figure 12. Flowchart of the industrial ice production process.
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Figure 13. Flowchart of the product dispatch process.

To organize the tasks performed in the ice plant’s production process, the Kanban board was
implemented as a visual management tool to organize and control operational activities. This tool
aimed to improve coordination among operators, facilitating the assignment of responsibilities and
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the monitoring of daily tasks.
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Figure 14. Establishment of the Kanban board.

The implementation of the dashboard has also enabled more effective integration of
management indicators such as task cycle time, adherence to activity schedules, availability and
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optimal utilization of human resources, and analysis of rescheduled or interrupted tasks. Monitoring
these indicators alongside Kanban created a stronger, more reliable foundation for decision-making.
This allowed the Production Manager to more precisely supervise tasks, allocate resources according
to process needs, and ensure operational continuity. This implementation not only improved
organization within the ice plant but also fostered communication and collaboration among
operators.

Currently, the ice plant lacks a preventative maintenance program to ensure the proper
functioning of the equipment, which is a vital part of the production process. Therefore, a failure
analysis was conducted on the equipment comprising the three ice plant tanks.
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Figure 15. Summary of maintenance performed on plant equipment.

During the evaluation period, a total of 36 maintenance activities were performed. Seventeen
maintenance activities were carried out in pond 1, six in pond 2, and thirteen in pond 3. Of these, 92%
were unscheduled, and only 8% were scheduled. The equipment with the highest failure rate was the
compressor with 10 incidents, followed by the mill and the winch with nine incidents each. Therefore,
it is necessary to establish a maintenance program to monitor and control planned activities in order
to guarantee the proper functioning of the assets.

Next, the criticality of the ice plant’s assets was analyzed using the following matrix, which
values the frequency of failures and the consequences they may cause in order to determine the level
of criticality.

Table 4. Criticality analysis of the ice plant equipment.

8 o F : g
s 2 c
zg 858 ££ ¢ § § £
Pool Teams ¢35 &% w2 g & s 9
SE g8 23 2 w @ 7
g Eg g E @ & O
~ < o
=
Compressor P1 3 10 4 4 4 48
Receiving tank P1 1 1 1 1 0 2
1 Evaporator P1 1 10 4 2 6 48
Capacitor P1 1 10 4 2 6 48
P1 Lifting Winch 1 4 2 2 0 10
Ice Mill P1 1 1 1 1 0 2
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P2 Compressor 3 10 4 4 4 48
Receiving tank P2 1 1 1 1 0 2
” Evaporator P2 1 10 4 2 6 48
Capacitor P2 1 7 4 2 6 36
P2 Lifting Winch 1 4 2 2 0 10
Ice Mill P2 1 1 1 1 0 2
P3 Compressor 3 10 4 4 6 50
Receiving tank P3 1 1 1 1 0 2
3 Evaporator P3 1 7 4 2 6 36
Capacitor P3 1 10 4 2 6 48
P3 Lifting Winch 1 4 2 2 0 10
Ice Mill P3 1 1 1 1 0 2

By analyzing the criticality of the equipment, it was possible to identify those pieces of
equipment that, due to their importance within the process, must be kept available for operation. In
tank 1, compressor P1 had a rating of 144, indicating a high level of criticality, followed by evaporator
P1 and condenser P1, which reached a medium level of criticality with a rating of 48 points for both
pieces of equipment. In tank 2, condenser P2 shows a rating of 144 points, followed by evaporator
P2. In tank 3, the compressor is the piece of equipment with the highest rating at 150 points, indicating
a critical level, followed by condenser P3 with 48 points, indicating a moderately critical level.

With the identification of the critical equipment in each of the pools, the failure analysis was
carried out using FMEA for each of the 03 compressors identified as critical equipment for the block
ice production process.

As shown in Table 5, the FMEA has made it possible to identify the most critical components
that make up the compressor system, such as the head with a high risk index (504 points), followed
by the piston with high risk (567 points) and the electrical panel with a high risk level of failure
occurrence (567 points); followed by the oil pump (441 points) and the safety valve (168 points) with
a medium risk level.

Table 5. Failure Mode and Effects Analysis of Compressor Pool 1.

2 g
2 = o
g= & £ Riskind
Component Failure mode Effect g Causes | 9 15K theex
5 S £  (SxPxD)
0 E a
Worn valves The refrigerant is 9 The equll?ment s o 4
not compressed. not working.
Head Temperature
Disch
iscnarge increase in load 5 increase in the 6 5 150
pressures .
printhead
Worn rings Working tir.ne or 6 Unc-ompressed 7 7 204
Pist lack of lubrication refrigerant
iston
Worn Absence of 9 Uncompressed 9 7
connecting rods movement refrigerant
High oil Cracked oil pan 9 Rupture fiue to 3 4
Sump pressure overheating
P £
resence o Boiling of the oil 8 Compressor 4 5 160
frost shutdown
W Pi ith
Crankshaft o ston without 6 Broken pistons 3 5
crankshaft movement
It's not i il and coolant
Oil pump Worn sprockets S not pumping 7 Ol, and cootan 9 7 441
oil. mixture
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As shown in Table 6, the FMEA has made it possible to identify the most critical components
that make up the compressor system 2, such as the crankcase with a high risk index (504 points),
followed by the crankshaft with high risk (576 points); followed by the cylinder head (336 points), the
piston (315 points), the oil pump (448 points) and the safety valve (486 points) with a medium risk

level.

Table 6. Failure modes and effects analysis of compressor pool 2.
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Refrigerant
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faulty welds poor welding
performance
Loss of Excessive
Piston Wear, breakage, pressure,. 9 .fI'ICtIOI‘l, 5 ” 315
damaged seals  compression inadequate
failures lubrication
Oil leaks
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Sump Cracks, wall wear structural 9 Material fatigue, 8 7
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failure
Wear. fatioue Engine failure, Excessive load,
Crankshaft o rangue catastrophic 9 insufficient 8 8
breakage .
damage lubrication
Blockace. wear Damage to Lack of
Oil pump age, weat, components, 8 lubrication, 8 7 448
electrical failure . .
overheating overheating
Risk of
Obstruction, aclzi(d(;nt Overpressure
Safety valve mechanical or g g - VeIP ¢ 9 486
. . damage to risk of explosion
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As shown in Table 7, the FMEA has made it possible to identify the most critical components
that make up the compressor system 3, such as the head with a high risk index (504 points), followed
by the oil pump with high risk (504 points); and the components with a medium level of criticality
are the piston (160 points), the crankcase (126 points), the crankshaft (192 points) and the electrical

panel (180 points).
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Table 7. 1Failure Mode and Effects Analysis of Compressor Pool 3.
g 2§ g
Component  Failure mode Effect E’ Causes e o 15k mdex
& 2 & (SxPxD)
n E a
Structural . .
Head Ammonia leaks Pressure fatigue 8 7
crack
E -
Piston W);(:rsswe Loss of compression 8 Poor lubrication 5 4 160
. Contamination and .
Sump Oil leaks . 7 Defectiveseals 6 3 126
loss of lubrication
Vibrati d I t
Crankshaft Misalignment ora 10.ns an g neorree 6 4
mechanical damage assembly
Oil pump P1.1mping Qverheating and 9 Obstruction or 7 g
failure internal damage wear
Excessive pressure Obstruction or
Safety valve  No opening . P . ! 10 mechanical 5 2
risk of explosion )
failure
A lated
Oil cooler Obstruction ~ System overheating 8 diiiumu are 5 3
trol load
Electrical panel C(.m o System shutdown 9 Over. cacor 4 5 180
failure humidity

The maintenance program in Table 8 has been structured according to the components of each
of the compressors that work in the ice plant, considering the preventive activities to be carried out,
as well as the frequency and responsibility in each activity, also including the necessary resources,
the method of execution and the acceptance criteria for the execution of each preventive maintenance.

Table 8. Maintenance program for compressors.

Preventive . Resources Execution Acceptance .
No. Component | FrequencyResponsible L Observations
Activity Needed Method Criteria
Crack . . .
. . . Torque Visual inspection Seamless, torque .
inspection and Mechanical o Record in
1 Head Monthly . wrench, and torque within
screw Technician . o . logbook
. . flashlight verification specification
tightening
. Clearance Clearance within
Checking . . . .
. Mechanical Micrometer, measurement tolerance, Replace if there is
2 Piston wear and Quarterly . . X X
L Technician lubricant and lubricant ~ adequate excessive wear
lubrication o o
application lubrication
. Visual inspection .
Check seals Maintenance Seals, level No leaks, correct Record oil
3 Sump . Monthly and .
and oil level Operator gauge level consumption
measurement
Alignment L . Verification with = .
. Specialized ~Alignment . Within alignmentRequires
4 Crankshaft and wear Biannual . . caliper and
) . Technician tools, caliper tolerance scheduled stop
inspection aligner
Pressure within .
. . Pressure Pressure and Replace if there
. Function and Mechanical range, normal
5 Oil pump Monthly . gauge, current are any
pressure test Technician . power .
multimeter  measurement . abnormalities
consumption
Opening test ) Test bench, . o
Security Overpressure ~ Opening within Record test
6  Safety valveand Quarterly . pressure . . .
. . Supervisor simulation nominal pressure results
calibration gauge
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Cleaning and . Brush, . . Adequate flow,
. Maintenance . Physical cleaning Record measured
7 Oil cooler flow Monthly pressurized . without
. Operator and flow testing . flow rate
verification water obstructions
Verification of Voltage No loose
Electrical  connections . Multimeter, measurement  connections, Label cables
8 Monthly Electrician . . .
panel and screwdriver and protection operational correctly
protections check protections

Following the implementation of improvements in maintenance management, the following
indicators were established, allowing for the analysis of the performance of the equipment that makes
up the plant.

Table 9. Analysis of maintenance indicators.

Type of indicator Indicator Pretest Posttest
Equipment failures Total number of failures 36 26
. . Preventive (%) 13.89 84.62
Dist t Maint T
istribution by Maintenance Type . ;oo (o) 86.11 1538
. . Scheduled (%) 8.33 84.62
Maint hedul
amtenance scheduing Not scheduled (%) 91.67 15.38
Cost of maint Total cost (S/) 29591.87 2469.16
ost of maintenance
Average cost (S/) 822.00 94.97

Likewise, in order to reinforce the knowledge of the staff, a training schedule was established
with topics aimed at understanding the dashboard, the indicators and the production process.

Table 10. 2Training Program.

. August

Issue Addressed Duration o152 93 od
Management indicators Administrative staff 1 hour X
Productivity control and monitoring Administrative staff 1 hour X
Operating procedures Operational staff 1 hour X
Preventive maintenance Technical staff 1 hour X
Order and Cleanliness Operational staff 1 hour X
Concepts of occupational risks Operational staff 1 hour X
Use of power machines Operational staff 1 hour X

The post-test DAP (Data Analysis Process) was developed considering the application of the
improvements, where a reduction in process time can be observed, decreasing from 87,004 seconds
to 86,840 seconds, a reduction of 164 seconds. Among the activities that saw improved times are:
filling the dispenser tank, for which a responsible operator was assigned to ensure the correct
execution of the task, reducing the time by 4 seconds (from 84 to 80 seconds); also, in filling the molds
with water, the time reduction is due to assigning responsibility to an operator according to a
schedule for controlling the filling, which allowed a reduction of 6 seconds (from 68 to 61 seconds);
in transporting the molds for demolding, responsibility is assigned to two operators for carrying out
the task, reducing the time by 2 seconds (from 45 to 43 seconds). Regarding the detachment of the
blocks, this activity transitioned from a waiting activity to an operational one, as the staff performs
the detachment of the blocks in the post-test using a metal fork tool that allows them to remove the
block from the molds, with a reduction of 70 seconds (from 190 to 120 seconds), thus eliminating the
waiting activity for detachment; finally, in the transport of the ice blocks to the crushing machine, the
time has been reduced by 2 seconds (from 99 to 97 seconds). This reduction is supported by the
organization of tasks through the adoption of Kanban, where specific tasks were assigned to the
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operational staff, with one being responsible for the transport to the crushing machine for delivery to
the client or to storage in the cold room.
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Figure 16. Process analysis diagram.
3.4. Productivity Analysis After the Implemented Improvement

During the six-week post-test period between September and October 2025, raw material
productivity averaged 0.94 tons of ice per cubic meter of raw material used. Production in September
ranged from 924 to 1028 tons of ice, while in October it increased to 978 tons. This reflects a positive
trend in raw material productivity in line with the increase in production. This improvement is
attributed to a reduction in process errors and waste, as well as improved operational efficiency of
the ice pits thanks to preventive maintenance.

Table 11. Post-test determination of raw material productivity.

Productivity
Raw Material (t/m 3)
1  September 1028.00 1075.00 0.96

Week Month Production (t) Quantity of raw material used (™3)
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2 September 928.00 971.00 0.96
3  September 924.00 966.00 0.96
4  September 978.00 1023.00 0.96
1 October 978.00 1075.00 0.91
2 October 971.00 1075.00 0.90
Average 0.94
Table 12. Post-test determination of labor productivity.
Productivity
Week Month Production (t) mat;l;;)urs Labour
(HH) (t/HH)
1 September 1028.00 280 3.67
2 September 928.00 315 2.95
3 September 924.00 350 2.64
4 September 978.00 298 3.29
1 October 978.00 298 3.29
2 October 971.00 264 3.67
Average 3.25

During the six-week post-test period between September and October 2025, labor productivity
averaged 3.25 tons per man-hour worked at the plant, attributed to greater optimization of human
resources. Man-hours fluctuated between 264 and 350, with a reduction observed in October.

Table 13. 3Pre -test determination of total post-test productivity.

Value of Energy Cost of material Labor Other Total Productivity

Week Month quction (/) cost (S) (S/) cost (S/) costs (S/) (S/)
1 September 107,940.00 2425730 226668 402250 1,667.81 335
2 September 97,440.00 24,257.30 2,266.68 4,022.50 1,667.81 3.02
3 September 101,640.00 24,257.30 2,266.68 4,022.50 1,667.81 3.16
4 September 102,690.00  24,257.30 2,266.68 4,022.50 1,667.81 3.19
1 October 102,690.00  24,849.28 2,051.95 3,871.75 2,530.71 3.08
2 October 11166500 2484928  2,05195 387175 2,530.71 3.35

Average 3.19

The post-test of total productivity over the eight weeks evaluated showed that for every sol
invested by the plant, S/ 3.19 in production was generated, representing a significant improvement
compared to the pre-test. An increase was evident after the implementation of the improvement. A
consistent trend was observed, fluctuating between S/ 3.02 and S/ 3.35 for every sol invested by the
organization.

The implementation of management indicators has made it possible to show information on the
main processes, whose pre-test and post-test data allowed the organization to control and monitor
management. Table 18 shows the implemented indicators and their results in the evaluated period.

Table 14. Summary of the results of the management indicators.

Guy Indicator Pretest Posttest Variation

Total sales (S/) 399840.00624065.00 A 56.08%

Financial Gross profit (S/) 206402.50428600.45 107, 65:/0
Production (t) 3808.00 5807.00 A 52.49%

Production costs (S/) 193437.50195464.55 A 1.05%

Customer % satisfaction 0.87 098 A 12.21%
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Number of complaints received 38.00 5.00 V¥ -86.84%
Capacity utilization (%) 60.44 92.17 A 52.50%
Productive activities (%) 80.00 84.00 A 5.00%
Unproductive activities (%) 20.00 16.00 ¥ -20.00%
Processes - .
Raw Material Productivity (t/m3) 0.87 094 A 7.66%
Total productivity (Soles/ for each sol 208 319 A 53.37%
invested)
Training completion (%) --100.00 --
Learning and growth . . A
Labor Productivity (production/HH) 1.41 3.25
130.50%
Total number of equipment failures 36.00 26.00 v
Preventive maintenance (%) 13.89 84.62 A
Eaui ; Corrective Maintenance (%) 86.11 15.38 v
uipmen
d .1p Scheduled maintenance (%) 8.33 84.62 A
maintenance -
Unscheduled Maintenance (%) 91.67 15.38 v
Total maintenance cost (S/) 29591.87 2469.16 \
Average maintenance cost (S/) 822.00 94.97 v
. % standardized processes -- 100.00 -
Implementation o : - - o
Jo completion of implementation activities - 100.00 --

Overall, the results show that the implementation of management indicators has significantly
contributed to the plant’s productivity, optimizing the use of resources, improving the quality of care,
and strengthening operational efficiency.

3.5. Determine how key management indicators increase productivity

Table 15. Comparison of total productivities.

. Total pre-test productivity Total productivity Post-test
Period

(S/) (S/)
1 1.89 3.35
2 1.43 3.02
3 1.38 3.16
4 2.27 3.19
5 2.76 3.08
6 2.76 3.35

Development of the normality test for hypothesis testing . For this test, Shappiro-Wilk was
selected because the resulting data amount was 6 weeks, considering an error index of 0.05 to assume
normal distributions.

Table 16. Normality test.

Shapiro-Wilk
Statistical gl Next.
Total Productivity PRETEST ,877 6 ,256
Total Productivity POSTEST ,907 6 ,419

The resulting normality value was 0.256 in pre-test and 0.419 in post-test, both indices exceed
the error value, so it can be confirmed that there is a normal distribution among the data, because
the selected hypothesis test was Student’s T.

According to the results shown in Table 17, the significance index was 0.006, which is less than
the established value of 0.05. Therefore, there is sufficient evidence to reject the null hypothesis and
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accept the alternative hypothesis, which is: the application of key management indicators increases
the productivity of an ice plant.

Table 17. Student’s t-test.

Paired samples test

Paired differences

95% confidence interval of the

L Average Error . t gl Sign (bilateral)
Average Dev. Deviation o difference
Deviation
Lower Superior

Productivity
PRE

-1,11000 ,58863 ,24031 -1.72772 -,49228 -4,619 5 ,006
Productivity
POST

4. Discussion

Regarding the first specific objective, diagnosing the initial situation of the ice plant, observation
techniques and analysis of historical documents were used to identify the root causes of the problem,
as well as to calculate the satisfaction level and the level of utilization of productive capacity. The
results determined the need for a mechanism to measure the performance of the ice plant and to take
action to improve its processes. The problem analysis identified 11 causes of the low productivity
levels. Furthermore, the analytical process diagram identified 25 activities that comprise the
industrial ice production process, resulting in a process time of 24.17 hours for the manufacture of 1
ton of ice. The initial satisfaction level reached 87.26%, with a total of 38 complaints during the pre-
test period. The utilization capacity achieved reached 60.44% of the total production established by
the organization. The data are consistent with the findings of [13], who, through a diagnosis of
production problems, determined a low compliance rate with the maintenance program, reaching
only 61.15%. Failures were analyzed to determine a new program tailored to the equipment’s needs.
Similarly, the data coincide with the findings of [14], who, through a diagnostic process to establish
better KPIs for the process, obtained a customer satisfaction index of 81.40%, providing relevant
information for implementing organizational improvements.

Regarding the second specific objective, the current state of productivity at the ice plant was
determined by calculating labor and raw material productivity. This was based on production theory
[15], which focuses on the productive factors of organizations and their efficient combination for the
generation of goods and services, seeking optimization in production and maximizing profits. The
results showed that the organization achieved an initial raw material productivity of 0.873 tons
produced per cubic meter of raw material, while initial labor productivity reached 1.41 tons per man-
hour worked, and total productivity averaged S/ 2.08 for every sol invested in production. These
results coincide with those found by [16], who achieved an initial raw material productivity of 58%
and a labor productivity of 69%, figures considered below the organization’s expectations. The data
also coincide with what was studied by [17] who identified an initial productivity of the raw material
of 31% due to the generation of waste in the processes.

For the third specific objective, improvements were designed and implemented at the ice plant,
based on the establishment of indicators for organizational management. This was theoretically
supported by [18] and systems theory, which emphasizes the importance of identifying systems to
understand their complexity through the measurement of processes that must be conceived in an
integrated manner within the organization, adapting to its environment. As a result of the
improvement implementation, activities were established for implementing quality tools, such as
creating a dashboard tailored to the organization’s context. The financial perspective consisted of
sales and gross profit indicators; the customer perspective was based on the satisfaction index; the
process perspective was comprised of indicators for capacity utilization, raw material productivity,
and maintenance compliance; and finally, the learning and growth perspective was comprised of
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training completion and labor productivity. Similarly, standardization was developed through
process documentation, implementing procedures for receiving raw materials, ice production, and
dispatching finished products. In addition, the ice plant’s organizational chart was updated.
Regarding compliance with the equipment maintenance program, it was identified that the
organization performs unscheduled maintenance 92% of the time. The equipment with the highest
failure rate was the compressor (28%), followed by the winch and mill (25%). Criticality analysis
determined that the three compressors have high criticality compared to the other components. A
maintenance program was also developed for the eight components that make up the compressors.
Finally, a training program was implemented for administrative and operational personnel, covering
topics related to management indicators, productivity, operational guidelines, and production
procedures. Based on the above, we can conclude that the applied methods address the root causes
of the problem and help improve productivity levels. These results align with the findings of [19],
who, in their diagnostic assessment, identified the need for implementing indicators, defining 29 KPIs
for their processes and monitoring productivity, staff efficiency, and machine performance. Similarly,
the results are similar to those of [16], who identified problems in process control and monitoring,
such as lack of supervision, equipment failures, and service delays, highlighting the need to develop
a dashboard for productivity and maintenance execution.

For the fourth specific objective, productivity was analyzed after the implemented
improvements at the ice plant. Raw material and labor productivity were determined after the
improvements were applied. This analysis was supported by [20], who presents Edwin Locke’s goal-
setting theory, which focuses on establishing specific and defined goals to improve motivation,
efficiency, and productivity, emphasizing the importance of understanding and continuous
monitoring. The results showed a post-test raw material productivity index of 0.94 tons of ice
produced per cubic meter of raw material; labor productivity reached an index of 3.25 tons per man-
hour; and overall productivity showed that for every sol invested, S/ 3.19 soles in production was
generated. These results align with the findings of [21], who, through the development of indicators
in their management system, achieved a 33.4% increase in staff productivity by establishing a KPI
dashboard, standardizing their documentation, and implementing controls for their ISO system. The
data also agree with the findings of [22], who, by monitoring their operations through a dashboard,
achieved an 87.5% increase in productivity, demonstrating an improvement for the organization.

Finally, the overall objective was to determine how key management indicators increase the
productivity of an ice plant. This was supported by [23], who states that Theory Z is based on
employee stability and trust in leaders to achieve business objectives such as productivity. In this
theory, the value of employees becomes a pillar for the organization, and a corporate culture is
developed. The results obtained through the normality test determined that the data had a normal
distribution. The Student’s t-test was applied, and the resulting significance level (0.006 < 0.050) was
lower than the established threshold, thus accepting the alternative hypothesis that the application
of key management indicators increases the productivity of an ice plant. Regarding the increase in
raw material productivity, it reached 7.66%, while labor productivity increased by 130%, and finally,
total productivity increased by 53.19%. The results are consistent with those found by [19], who
established 29 production indicators and, through various improvement strategies, achieved a 10%
increase in productivity in operational areas. The results also align with those found by [24], who
established indicators using a dashboard, lean service, and Kanban to achieve a 12.88% increase in
raw material productivity.

5. Conclusions

Management indicators were established at the ice plant with the aim of increasing productivity.
The improvement was evaluated inferentially using the Student’s t-test, where the significance
reached a level of 0.006, which is less than 0.05, thus confirming the alternative hypothesis: the
application of key management indicators increases the productivity of an ice plant—Chimbote, 2025;
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likewise, there was a 7.66% increase in raw material productivity, a 130.50% increase in labor
productivity, and finally, total productivity increased by 53.37%.

A diagnostic assessment of the current state of the ice plant was conducted, revealing an average
customer satisfaction rate of 87.26%, while only 60.44% of the plant’s total production capacity was
being utilized. Furthermore, management indicated that KPIs would enable them to implement
improvement measures to mitigate risks and facilitate production monitoring.

It was determined that the initial productivity of the raw material reached an average of 0.873
tons per cubic meter of raw material and the labor productivity reached an initial level of 1.41 tons
produced per man-hour of the personnel, whose rates were found to be below the standard
established by the company.

The improvement was designed and implemented by establishing a dashboard comprised of a
total of 22 indicators, for the financial, customer, process, and staff learning and growth perspectives;
the standardization of processes implemented three flowcharts of the activities of: receiving raw
materials, ice production, and dispatch of finished products, in addition to updating the
organizational chart; a failure analysis of the equipment and a maintenance program were also
developed to address the components that make up the freezing system of the ice plant, and finally,
a training program was developed to reinforce the knowledge of the administrative and operational
staff.

Productivity was analyzed after the implementation of the improvement, where a raw material
productivity of 0.94 tons produced per cubic meter of raw material was obtained; in relation to labor
productivity it reached an index of 3.25 tons per man-hour worked and with respect to total
productivity it was found that for every sol invested S/ 3.19 was generated in production
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