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ABSTRACT

This study proposes the application of a ludic and 
practical experience, which includes the use of the 
standard operation sheet tool for the purpose of 
improving the teaching and learning of standardized 
work. In this way, the study helps to solve the problem 
of the communication of standards in companies, and 
improve the capabilities and competences of Industrial 
Engineering students.

The study is applied and relational. It was aimed at 
comparing the difference in the assembly cycle time of 
a pegboard before and after teaching and learning the 
operation sheet standard, by means of a parametric 
repeated measures test, in order to verify if the assembly 
cycle time decreases.

The results obtained confirmed the research hypothesis, 
reduced the variability of communication of the standard 
and improved the integration of teamwork.

Keywords: standard operating sheet; standardized 
work; lean manufacturing; games.

INTRODUCTION

What thought is triggered in the brain when we talk about stand-
ardization? Perhaps it evokes industrial engineers implementing 
new rules on how to achieve a compliant product or process. Is 
there something wrong with that thought? That will depend on 
how that rule was born and what is the concept of standard and 
standardization.

According to Rother (2010), a standard is a description of how a 
process should operate. It is a rule that injects order and provides 
clear elements on how a product or process should be made in 
order to minimize waste and/or maximize added value.

Standards should not be promulgated by decree, imposed, 
thoughtless, speculative, or become a dead letter. As Liker and 
Meier (2006) state, standards should also not be used as a whip 
to flog employees for poor performance or as a bait to exceed 
that pattern.

According to the Lean Enterprise Institute (2014, p. 82), stand-
ards should be the result of standardized work, that is to say, 
of the establishment of precise procedures for each operator 
working in a production process. These procedures should be 
designed based on three elements: (1) the takt time, (2) the ex-
act sequence of work performed by the operators within the takt 
time, and (3) the standard inventory including the items needed 
on the machines to keep the process running smoothly.

Standard operating procedures (also called job aids), as well as 
standard operating sheets, are often used to establish standard-
ized work.

Job aids are conventional tools that set out sequentially and or-
derly the set of instructions on how each activity should be carried 
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out at work. Meanwhile, standard operating sheets 
are tools that promote the design of processes so 
that employees know what they must do, what order 
or sequence they must follow, how they must pro-
ceed, and why the tasks must be performed the way 
they have been defined. Standard operating sheets 
are advantageous tools because they explotan la 
gestión visual y destacan habilidades sui generis 
requeridas para realizar el trabajo de manera segu-
ra, conforme y eficiente [exploit visual management 
and highlight sui generis skills required to perform 
work safely, compliantly, and efficiently] (Lean En-
terprise Institute, 2014, p. 86).

The Productivity Press Development Team (2002) 
states that frecuentemente en las empresas sur-
gen problemas porque la información en los pro-
cedimientos operativos estándar es oscura, incom-
pleta, contiene términos técnicos y complejos que 
no resultan de utilidad para el operario [problems 
frequently arise in companies because the informa-
tion in standard operating procedures is obscure, 
incomplete, contains technical and complex terms 
that are not useful to the operator] (p.16).

Likewise, Spear and Bowen (1999) warn that if ac-
tivities are poorly specified and stated, that is, if the 
sequence, content, duration and outcome of oper-
ations are not well formulated, if supplier-customer 
processes are unclear and if product routings are 
inaccurate, then a series of problems will arise in 
the company as a result of a poorly projection and/
or standardization.

Furthermore, when the communication of standards 
and procedures is not precise, work relationships 
based on trust are also affected as it would be diffi-
cult to empower employees with confidence as they 
may not perform equally and would be misaligned 
on the stated purpose, which would also undermine 
leadership management in a company.

But who should create or improve standardized 
work? Shimizu (2004) found that at Toyota, 10% of 
productivity improvements and process standardi-
zation falls on production operators through quali-
ty control circles. The remaining 90% comes from 
industrial engineers, production supervisors and 
improvement team leaders as part of their duties. 
However, at Toyota, these groups are not divorced. 
According to Rother (2010), tanto el operario, cuan-
to los ingenieros industriales y líderes de equipos 
tienen incentivos para trabajar juntos en la mejora 
de los procesos [the operator as well as the indus-
trial engineers and team leaders have incentives to 
work together on process improvement] (p. 156). 
Therefore, it is healthy for industrial engineers to 

collect suggestions from operators when designing 
or improving standards.

Fleury et al. (2008) state that industrial engineering 
dates back to more than a century ago and arose 
through the standardization or economic rationali-
zation of production systems. However, from the 
first Taylorist systems to the present day, compa-
nies have faced dramatic changes. According to De 
Oliveira et al. (2013) hoy no es suficiente saber; an-
tes bien, se requieren profesionales expertos con 
competencias, saberes y atributos que los hagan 
capaces de enfrentar las exigencias actuales y 
proyectar soluciones de problemas multidiscipli-
narios y complejos [knowing is not enough these 
days. Instead, expert professionals are required to 
possess skills, knowledge and attributes that make 
them capable of facing current demands and pro-
jecting solutions to multidisciplinary and complex 
problems] (p. 21).

Isao Kato, a Toyota official, emphasizes that De-
sarrollar algo, exige desarrollar personas. Usted 
no consigue separar el desarrollo del sistema em-
presa, del desarrollo de las personas [Developing 
something requires developing people. You cannot 
separate the development of the company system 
from the development of people] (2006, as cited 
in Liker and Meier, 2007, p. 121). Liker and Meier 
(2007) underline that the simple implementation of 
standards, without the appropriate development of 
the capabilities and skills of the people who develop 
those standards, generates limited benefits, specifi-
cally regarding standardized work.

Thus, there is consensus on the need for profes-
sionals highly capable of standardizing, maintaining 
and perfecting business processes. Therefore, pro-
fessors should make every effort to ensure that fu-
ture industrial engineers achieve high levels of com-
petence in designing, developing, and maintaining 
standardized work.

The contribution of this article is to propose a ludic 
method that incorporates the use of the standard 
operating sheet tool to improve the teaching and 
learning of standardized work. The proposed game 
will help both undergraduate and graduate schools 
of Industrial Engineering and manufacturing organ-
izations in the creation, maintenance and improve-
ment of standards and their communication.

The contribution of this article is innovative because 
it enhances the capabilities and competencies of 
industrial engineering students and/or company 
employees by means of a game. This methodology 
provides students with the opportunity to learn and 
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apply the concepts of standard and standardization 
in real time and in a fun, spontaneous, and motiva-
tional manner. As a result, the knowledge construc-
tion is more meaningful.

Problem, Objective and Hypothesis

Based on the above and according to The Produc-
tivity Press Development Team (2002), there is ev-
idence of problems in the communication of stand-
ards and standardized work as the available tools 
for this task (such as job aids and standard oper-
ating sheets) do not provide the same level of add-
ed value in terms of information transmission. This 
motivated this investigation, which aims to propose 
a game to assemble a pegboard before and after 
teaching and learning the standard operating sheet, 
and to evaluate whether the teaching and learning 
of this tool reduces the pegboard assembly cycle 
time.

The research hypothesis is that the average of the 
differences in the cycle time of the assembly of the 
pegboard (before and after the teaching and learn-
ing of the standard operating sheet) is greater than 
zero.

Background

The background of this study are distributed into 
two categories. On the one hand, there is a great 
diversity of research that has promoted the applica-
tion of standardized work and has shown positive 
results in manufacturing companies. On the other 
hand, there are studies that use games as didactic 
strategies to enhance the learning experience of in-
dustrial engineering in class.

Bragança and Costa (2015) stand out within the first 
group and point out in their study that they managed 
to do more with less in the company where they im-
plemented work standardization, as they obtained 
an increase in flexibility and productivity on the plant 
floor without the need for high investments.

Through the standardization of work, Fazinga and 
Saffaro (2012) managed to disseminate a common 
goal for all those involved in the operating pro-
cesses. There were no autonomous actions by the 
operators because all replicated the sequence of 
operations stated in the standard operating sheet, 
which reduced variability in the civil construction 
processes.

Pereira et al. (2016) stated that standard operating 
sheets are essential but can pose problems if not 
effectively managed and controlled within organiza-
tions. The authors conducted a study where they 

developed and reconfigured the standardization of 
work in a company, which had positive impacts on 
product quality and productivity.

Through the standardization of work, De Freitas and 
Da Silva (2017) managed to reduce variability and 
improve the process quality of a manufacturing cell. 
They highlight the importance of integrating people 
for a successful consolidation of the standard, as 
well as the impact on the satisfaction of the opera-
tors resulting from their participation in the design of 
the standards and the simplification in their training.

In a more recent study, Dos Santos et al. (2021) 
reported that the activities within a company used 
to be disorganized, resulting in frequent bottle-
necks in the receiving and supply area. However, 
after the implementation of the standard operating 
sheet, there was improved harmony in operations, 
increased stability in the assembly line, enhanced 
throughput, reduced accumulated lead times, and 
higher process quality.

Regarding the second group of information consult-
ed, Possebon et al. (2012) should be referenced. 
They successfully developed a teaching and learn-
ing process for the standard operating sheet using 
a group dynamic based on a game developed in 
class. This approach enabled production engineers 
to better assimilate the theoretical concepts pre-
sented during class.

Có et al. (2008) also proposed a teaching and learn-
ing strategy based on a ludic experience with cards 
and on constructivist epistemology with the purpose 
of improving the competences of production engi-
neers regarding planning tools based on the lean 
manufacturing model. Students were able to formu-
late more efficient plans that improved the fulfillment 
order significantly.

The studies on improving the teaching and learning 
of industrial engineers is not limited to the tools of 
the lean model. Tapia (2014) develops a company 
game to improve the teaching and learning of op-
erations planning under the theory of constraints 
model. In his conclusions he states that games 
are tools that facilitate the learning process, which 
contributes to improved understanding of abstract 
issues.

Justification

Proposing a game to improve the teaching and 
learning of standardized work is justified due to the 
general use of this tool in education. Games allow 
people to exercise in various hard and soft skills 
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required for their integral development. Games are 
simulators that replicate real scenarios with the pur-
pose of practicing, strengthening, maturing, learn-
ing, or acquiring new knowledge.

Aguilar et al. (2018) argue that the purpose of 
games is to achieve academic quality and gener-
ate clear standards that allow establishing indica-
tors to evaluate the desired competence profile of 
a professional.

The justification for focusing on enhancing the tech-
nical competencies of industrial engineers in relation 
to standardized work is based on Masaaki (1986), 
who states that without standards and standardiza-
tion, it is impossible to initiate continuous improve-
ment processes within a company.

That is, an anomalous situation cannot be detect-
ed without prior standardization. Therefore, stand-
ards and standardization are essential to make 
non-standard conditions visible, so that preventive 
and/or corrective actions can be quickly triggered in 
order to standardize them and reduce waste.

METHODOLOGY

Type, Method and Design of the Research

This work is of an applied type, since, as point-
ed out by Hernández et al. (2014), the emphasis 
of the study is to propose a practical solution to 
the problem posed. The level of the research is 

relational, that is, it seeks to show probabilistic 
dependence between events, since the statistical 
objective is to compare two measures, one before 
and the other after the teaching of the standard 
operating sheet. The design is pre-experimental 
because it works with a single group, where the in-
tervention is applied (pre and posttest). According 
to Arnau and Bono (2008), the study also qualifies 
as longitudinal, of repeated measures on the same 
group, since its main characteristic is the sequen-
tial observation of the same dependent variable 
according to different treatments.

Inventory items required for implementing the 
pegboard assembly game

To run the game proposed, the items listed and 
shown in Figure 1 are required.

• 1 asymmetrical 20 × 23 cm wooden board 
with 42 holes.

• 50 wooden sticks 7 cm high and 0.5 cm in 
diameter. It should be noted that only 42 
wooden sticks are required to assemble the 
pegboard. However, there is a restriction 
in the game: if a stick falls out during the 
assembly, it cannot be reused because it is 
assumed to be contaminated. Thus, industrial 
engineers will have to consider these wastes 
to determine the stock of sticks that will be 
needed at the workstation.

Asymmetrical wooden 
pegboard Wooden sticks Acrylic cups Small plastic cups of 

6 × 3 cm

MDF trays of 
20.5 × 14 × 3.5 cm

Plastic trays of 
18.5 × 13.5 × 2 cm

Foil trays of 
19 × 14 × 4.5 cm

Plastic trays of 
14 × 11 × 2 cm

Figure 1. Inventory items required for implementing the pegboard assembly game.

Note: The type and number of containers used to organize the sticks before starting the assembly operation will be 
determined by the industrial engineers.

Source: Prepared by the author.
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• Trays of various types to organize the 
sticks prior to the assembly operation. The 
purpose of providing different containers is 
for industrial engineers to evaluate which is 
the most appropriate type and the number 
of containers to run the assembly operation 
easily and safely. 

Game configuration

The game consists of assembling the pegboard in 
a 50 second standard cycle time as shown in Fig-
ure 2. The game starts with the organization of the 
worktable with the items to be used and ends with 
the total assembly of the pegboard. The only restric-
tion is that if a stick falls out of the board during 
the assembly operation, it cannot be reused (it is 
assumed to be contaminated).

Population and Sample

The study population consisted of students enrolled 
in the Quality and Productivity Management course 
at the Graduate School of Industrial Engineering of 
a university of Lima, Peru.

The game dynamics involved dividing the students 
into two distinct groups, each with well-defined roles, 
and whose responses were based on non-proba-
bilistic directed samples. The group of industrial 
engineers consisted of 5 volunteer students, while 
the group of operators comprised the remaining 25 
students.

The group of industrial engineers was responsible 
for designing the standard procedure for the peg-
board assembly to be performed in a standardized 

cycle time of 50 seconds. This group was also in 
charge of timing the actual assembly cycle times 
and documenting the gap between the standard 
procedure designed and the actual one executed.

On the other hand, the group of operators was re-
sponsible for executing the pegboard assembly 
operations according to the standard procedure de-
signed by the industrial engineers.

Pegboard Assembly Rounds

Two assembly rounds were designed for the unas-
sembled pegboards as follows:

• The first round was executed by the group 
of operators based on the job aid designed 
by the group of industrial engineers. The 
industrial engineers were asked to develop 
a procedure to assemble the pegboard in 
a cycle time that lasted 50 seconds. The 
procedure had to contemplate the items to 
be used, their organization on the worktable 
and the filling of the pegboard. The group of 
industrial engineers was told that they could 
take into account the ideas provided by the 
group of operators to create the job aid.

• The teacher then gave a 50-minute class on 
the standard operating sheet, in which it was 
explained what a standard operating sheet is, 
what it is used for, its format, how to create 
one, and the sections that conform it.

• Then the second assembly round was carried 
out by the group of operators following the 
standard operating sheet designed by the 

Figure 2. Pegboard to Assemble.

Note: The unassembled pegboard is shown on the left and the assembled one is shown on the right.
Source: Prepared by the author.



109

Production and Management

Flor de María Milagros Tapia Vargas

Ind. data 26(1), 2023

group of industrial engineers. This time, the 
members of the group of industrial engineers 
were no longer told that they could take into 
consideration the ideas provided by the group 
of operators to make the standard operating 
sheet. They were told in class that one of the 
strengths of the standard operating sheet 
design is that it incorporates the participation 
of the operators in its outline.

RESULTS

Evaluation of the Job Aid and the Standard Op-
erating Sheet Prepared by the Industrial Engi-
neers for the First and Second Pegboard As-
sembly Rounds

Table 1 shows a checklist evaluation of the in-
struments designed by the industrial engineers to 
standardize the pegboard assembly process. This 
checklist was completed at the end of both rounds 
by the students and the teacher in order to make the 
students aware of what they were able to achieve 
and what they still need to consolidate.

Table 1 shows several weaknesses observed in the 
procedure developed with the job aid during the first 

round. Although the industrial engineers outlined the 
logical sequence of operations, the operators faced 
challenges regarding the arrangement of items on 
their worktable (including the position of the peg-
board and trays) and the organization of sticks in 
the trays. The industrial engineers did not incor-
porate visual training or symbology to emphasize 
crucial points for task execution. Furthermore, they 
did not provide justifications for why tasks should 
be performed as described, nor did they determine 
whether operators should work while standing or 
sitting. Limited integration with the group of oper-
ators was observed during the creation of the job 
aid. As a result, there was an increased degree of 
freedom and variability during the execution of the 
first round, as shown in Figure 3. These factors also 
influenced the achieved assembly cycle times, as 
shown in Table 2.

In contrast, Table 1 shows the results with the 
standard operating sheet designed by the industri-
al engineers for round 2. There was more precision 
in describing what tasks should be performed, how 
to do them and why they should be done that way. 
In addition, they exploited visual management, 
which made it easier for the group of operators to 

Table 1. Qualitative Assessment by Means of a Checklist of the Job Aid and Standard Operating Sheet Elaborated at 
the End of the Two Experimental Rounds.

Item
Procedure with 

job aid

Procedure with 
Standard Operating 

Sheet

YES NO YES NO
Describes the operations necessary to do the job.  
Indicates the filling sequence of each hole in a clear, complete and simple manner.  
Explains why the operations must be done according to the standard. X 
Uses visual training (graphs, drawings) to explain how to perform operations. X 
Uses symbology to highlight key or critical points when performing certain operations. X 
Lists inventories and types of inventories that will be required to execute operations.  
Lists the resources required to execute operations.  
Specifies position and orientation of trays in the work center. X 
Specifies the number of sticks to be contained in each tray.  
Specifies how to arrange the sticks in each tray. X 
Specifies how to position the pegboard on the worktable. X 
Specifies the inclination that the peg board should have. X X

Specifies whether the operator must execute the operation standing or sitting. X X

Specifies how the operator has to use each hand to execute the operation. X 
Specifies what to do if a stick is dropped.  
Specifies the standard cycle time for the assembly operation.  
There is integration between the industrial engineers and operators in making the standard. X 

Source: Prepared by students and teacher at the end of both assembly rounds.



110

Production and Management

Ludic ExpEriEncE using LEan Manufacturing standard OpErating shEEt tOOL tO iMprOvE thE tEaching and LEarning Of standardizEd WOrk

Ind. data 26(1), 2023

perform the tasks. There was also greater stand-
ardization both in the arrangement of the items on 
the worktable and in the assembly operation itself, 
but, above all, there was full integration between 
industrial engineers and operators to prepare the 
standard operating sheet, which can be seen in 
Table 3.

Statistical Results

1. Normality Test

First of all, the statistical analysis was carried out 
in SPSS Statistics version 22 to assess whether 
the random variable difference in assembly cycle 
time of the pegboard (before − after) responds to a 
normal distribution. These data (before − after) are 
shown in Table 2. The significance level chosen 
was 5%, and the test statistic used was Shapiro 
Wilk, since there was a total of 25 data. A p-val-
ue of 0.9396 was obtained, as shown in Table 4, 
so it can be affirmed with a probability of 93.96% 
that the distribution of the random variable does 
respond to a normal distribution. Next, the para-
metric test was carried out to compare averages in 
repeated measures.

2. Student’s t-statistic Procedure for Repeated 
Measures

Approach: The pegboard assembly cycle time was 
measured in a group of students before and after 
the teaching and learning of the standard operating 
sheet through a game. Did the teaching and learn-
ing of the standard operating sheet decrease the 
pegboard assembly cycle time?

The first statistical-descriptive results obtained by 
running the normality test through SPSS are shown 
in Table 5, in which the confidence intervals for 
the mean at 95% have been consolidated. Table 6 
shows the details of the statistical-ritual hypothesis.

To validate research hypothesis H1, the Student’s 
t-test for related samples or repeated measures 
was run in SPSS. The results obtained are shown in 
Table 7. The p-value obtained by SPSS is 0.000298 
and corresponds to a two-tailed test. However, since 
the test performed is a one-tailed test, we proceed 
to divide the p-value by two, from which we obtain a 
p-value = 0.000298 / 2 = 0.000149. Since the p-val-
ue obtained is less than the significance level of 5%, 
then the research hypothesis is accepted, as shown 
in Table 6.

Figure 3. Variability in the organization of the Required Items on the Worktable and in the Assembly Operation Based on 
the Job Aid Prepared by the Industrial Engineers.

Note: All operators used the trays and number of sticks specified in the job aid, however the arrangement of the sticks on the work table 
was very different because it was not specified in the procedure. The photo on the left also shows an operator working standing up, 
while in the last two photos the operators performed the assembly operation sitting down. All of this had an impact on the amount of 

waste and the assembly cycle time.
Source: Prepared by the author.
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Table 2. Assembly Cycle Times of the Pegboard Achieved in the First and Second Rounds.

Operator
Assembly cycle time 

with job aid (first 
round)

Assembly cycle time with
standard operating sheet (second 

round)

Pegboard assembly cycle time 
difference (before − after)

1 48.83 44.36 4.47

2 47.09 50.36 −3.27

3 47.96 39.57 8.39

4 48.07 45.56 2.51

5 56.68 50.14 6.54

6 46.22 50.36 −4.14

7 51.23 49.05 2.18

8 50.36 40.77 9.59

9 49.16 37.17 11.99

10 47.96 43.16 4.8

11 54.06 49.16 4.9

12 50.58 47.96 2.62

13 51.45 43.16 8.29

14 48.83 41.97 6.86

15 50.36 49.16 1.2

16 48.07 46.76 1.31

17 46.22 46.76 −0.54

18 51.45 47.96 3.49

19 50.58 50.36 0.22

20 54.06 47.96 6.1

21 47.96 46.87 1.09

22 48.83 50.36 −1.53

23 49.16 46.76 2.4

24 50.36 47.96 2.4

25 47.96 46.76 1.2

Source: The times were measured by the group of industrial engineers supervised by a professor.
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Table 3. Standard Operating Sheet Elaborated by the Group of Industrial Engineers in Coordination with the Group of 
Operators for the Second Pegboard Assembly Round.

STANDARD OPERATING SHEET
Procedure description: Pegboard assembly
Cycle time  : 50 seconds
Items required : 1 pegboard of 20 × 23 cm with 42 holes
   46 sticks of 7 cm high and 0.5 cm in diameter
   2 flat plastic trays of 14 × 11 × 2 cm
Tools or resources required : 1 worktable

TASKS
(WHAT)

KEY POINTS
(HOW)

REASONS
(WHY)

VISUAL TRAINING

1. Position the pegboard in 
the center of the worktable as 
shown in the visual training 
section.

1. Pay attention to the vertical 
orientation of the board (6 × 7).

1. It facilitates the filling of the 
board because it synchroni-
zes the work of both hands. 
()

2. Arrange the 2 trays adja-
cent to the pegboard.

2. The trays should be very 
close to the pegboard and 
perpendicular to it.

2. It saves the displacement 
of both hands.

3. Arrange 23 sticks in each 
tray. ()

3. The sticks should be in the 
orientation shown in the visual 
training section (parallel to the 
board).

3. It facilitates the assembly 
operation. The hands will lift 
the sticks in the position that 
they need to be assembled. 
()

4. Take one stick from the left 
tray with the left hand, and 
one stick from the right tray 
with the right hand and place 
them into the A3 and A4 holes 
respectively. ()

4. Use both hands simultane-
ously and synchronized. Press 
the sticks lightly into the board. 
If a stick falls off the board do 
not pick it up because it is con-
taminated and repeat step 4.

4. It prevents downtime.

5. Repeat step 4, but this 
time fill the A2 and A5 holes 
with the left and right hands 
respectively. ()

5. Do this simultaneously and 
press the sticks lightly into the 
pegboard.

5. It makes it easy to fill the 
board and the collision of 
both hands. ()

6. Repeat step 4, but this time 
fill holes A1 and A6 with the 
left and right hands respecti-
vely. ()

6. Do this simultaneously and 
lightly press the sticks into the 
peg board.

6. It makes it easy to fill the 
board and the collision of 
both hands. ()

7. Repeat steps 4, 5 and 6 for 
each remaining row, taking 
care to fill the holes with the 
same logic. ()

7. Do this simultaneously and 
press lightly.

7. It makes it easy to fill the 
board and the collision of 
both hands. ()

Critical points to remember 
Critical
inspection 

Check 
quantity 

Be careful, you 
could get hurt 

It facilitates the 
work

Source: The preparation of the original document was done freehand by the students.

Table 4. Normality Test.
Normality Tests

 
Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Before 0.152 25 0.14 0.913 25 0.035

After 0.218 25 0.004 0.892 25 0.012

Difference = before − after 0.131 25 .200* 0.983 25 0.9396
* This is a lower limit of true significance
a. Lilliefors correction
Source: Results obtained in SPSS statistics version 22.
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DISCUSSION 

Based on the results obtained through inferential 
statistics, it can be affirmed that there is a decrease 
in the pegboard assembly cycle time after the teach-
ing and learning of the standard operating sheet, 
since the confidence interval for the difference of 
the assembly cycle time does not contain zero.

This is supported by the p-value obtained since it is 
less than the 5% significance level, which confirms 
that there is a significant difference in the pegboard 
assembly cycle time before and after the teaching 
and learning of the standard operating sheet.

The results of the qualitative assessment of both 
tools (Table 1) also show that the standard oper-
ating sheet is a tool that allowed a more complete, 
detailed, and clear structuring of the information, 
since the design of the tool itself requires stating the 

tasks to be performed, identifying key points and 
justifying why the activities should be performed in 
a certain way. The tool also incorporates a visual 
training section that facilitates the understanding of 
how the activities should be executed. The tool and 
its processes helped reduce the variability of the 
pegboard assembly process.

The Productivity Press Development Team (2002) 
argues that knowing what to do and how to do it is 
not enough. It is important to understand why tasks 
should be performed the way they must, otherwise 
the established procedure could be weakened over 
time through the informal incorporation or suppres-
sion of operations, which would reduce the quali-
ty of a product or process or even impact on other 
processes of the company without being aware of 
the impact of these actions. With the standard oper-
ating sheet this risk is minimized or totally eliminat-

Table 5. Confidence Intervals for the Mean (95%).

Measures Pegboard assembly cycle time 
before (seconds)

Pegboard assembly cycle time 
after (seconds)

Time difference in pegboard as-
sembly cycle time (before − after) 
(seconds)

Mean 49.74 46.42 3.32

Standard error 0.50 0.73 0.79

CI 95% lower limit 48.71 44.91 1.70

IC 95% upper limit 50.77 47.92 4.95

Source: Results obtained in SPSS statistics version 22.

Table 6. Statistical-Ritual Hypothesis.

Hypotheses
H0: The average difference of the pegboard assembly cycle time is less than or equal to zero 
(μd (cycle time before-cycle time after) ≤ 0)
H1: The average difference of the pegboard assembly cycle time is less than or greater than zero
(μd (cycle time before-cycle time after) > 0)

Significance level (alpha) α = 5%

Test statistic  Student’s t-test for repeated measures

p-value = 0.000149

Decision: With a probability of error of 0.0149%, the average difference of the pegboard assembly cycle time is greater than zero

Source: Prepared by the author.

Table 7. Student’s T-Test for Related Samples or Repeated Measures.
Paired Samples Test

 

Paired Differences t df Sig. (2-tailed)

Mean Std. Deviation Std. Error 
Mean

95% Confidence Interval 
of the Difference

Lower Upper
Pair 1 before − after 3.322 3.931 0.786 1.699 4.945 4.225 24 0.000298

Source: Results obtained in SPSS statistics version 22.
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ed, since this tool requires explaining why the work 
must be performed as it has been standardized.

An important aspect to highlight, as shown in Table 
1, is that the suggestions of the group of operators 
were considered in the preparation of the standard 
operating sheet, which made teamwork more effec-
tive and more productive. This was possible becau-
se the tool recommends the active participation of 
the operating team in the formulation of the stan-
dardized work.

Similar to the findings of Có et al. (2008), it was 
observed that the industrial engineers who par-
ticipated in this game were able to question their 
prior knowledge and enhance their understanding 
of lean manufacturing. The students improved their 
perception and training in using tools for process 
standardization, and they analyzed the advantages 
of working with the standard operating sheet from a 
statistical perspective.

It was also observed that, as Possebon et al. 
(2012) stated, the game dynamics in class favored 
the consolidation of theoretical content, stimulated 
group work, and fostered discussion of the results 
obtained.

Finally, as highlighted by De Figueiredo (2010), ga-
mes are instruments that not only motivate students 
in their learning process but also serve as valua-
ble tools for tackling the complexities encountered 
when studying various theories. They are valua-
ble strategies for educators to effectively transmit 
knowledge.

CONCLUSIONS

The standard operating procedures or job aids are 
tools that enable work standardization. However, 
with the dynamics applied in this research, it has 
been possible to appreciate that the standard oper-
ating sheet is an instrument that, due the nature of 
its structure, symbology and visual elements, helps 
to communicate more clearly a standard and this is 
reflected in the operation cycle time, as it has been 
verified.

The results obtained in this article can be replica-
ted in other academic environments, for which other 
academic settings and teaching colleagues are 
encouraged to replicate methodology and experi-
mental rounds described in this article in classroom 
settings, since this provides a simple and very eco-
nomical way to reinforce knowledge in an experien-
tial, practical and fun way.

The proposed results can also be validated in ma-
nufacturing companies by using the proposed game 
to train employees in the creation and dissemina-
tion of standardized work, so that the company per-
sonnel can be made aware of the advantages of the 
standard operating sheet with respect to conventio-
nal procedures.

It is expected that this work will encourage manufac-
turing and service companies to adopt the standard 
operating sheet not only for clearer transmission of 
standards but also for promoting integration between 
the front and back offices within the company.

RECOMMENDATIONS

Future research is encouraged to improve and en-
rich this game by reapplying it to work standardiza-
tion, but with other tools, such as the standard op-
erating combination; standard work sheet for work 
center; standard work sheet for each workstation, 
etc., as well as other lean principles.
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