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Resumen

Esta investigacion presenta el procedimiento para validar un cuestionario/instrumento de medida
(IM) por medio de juicio de expertos, el IM fue disefiado a partir de la identificacion de factores o
criterios a traves de una revision sistematica de literatura. Asi, se determinaron 54 factores, los
cuales se discriminaron con la aplicacion de un Meta Anélisis que permitié reducirlos a 29.
Posteriormente, un grupo de cinco profesionales expertos en equipos de trabajo y Seis Sigma
evaluaron el cuestionario a partir de dos criterios: calidad y coherencia. Los resultados indican
que, en una escala del uno al cuatro, al 52.6 % de los items se les evalud con calificacién de 4.
Luego, a través del analisis estadistico de Friedman se confirmé el desacuerdo para los dos criterios
evaluados. En consecuencia, el instrumento de medicion fue revisado, mejorado y aplicado a otro
grupo de cuatro expertos, por lo que se repitio la prueba de Friedman y en la segunda evaluacion
se obtuvo un valor de P mayor que 0.05. Por tanto, se concluye que existe acuerdo entre los
expertos por los 29 items del IM y que este es valido (adecuado), de ahi que se pueda continuar

con su aplicacion.
Palabras clave: validacion de instrumento de medicion, juicio de expertos, validacion de

contenido, factores, Seis Sigma.

Abstract

This research presents the validation of a Questionnaire-type Measurement Instrument (MI)
through expert judgment, the IM was designed from the identification of criteria or factors through
a Systematic Literature Review, determining 54 factors, which as they were discriminated by
Meta-Analysis, reducing to 29 factors. Subsequently, a group of five professional experts in Work
Teams and Six Sigma evaluated the questionnaire on two criteria: quality and coherence. The
results show that, on a scale from one to four, 52.6% of the items were evaluated with a grade of
four. Subsequently, through Friedman's statistical test, the disagreement was confirmed for the two
criteria evaluated; then, the measurement instrument was reviewed, improved and applied to
another group of four experts, repeating the Friedman test and obtaining a P value greater than
0.05 in the second evaluation, concluding that there is agreement between the experts on the 29

items of the M1 and that it is valid (adequate) so it may be used can be continued.
Keywords: Measurement Instrument Validation, Expert Judgment, Content Validation, Factors,

Six Sigma.
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Resumo

Esta investigagdo apresenta a validagdo de um Instrumento de Medida (IM) do tipo Questionario
por meio do julgamento de especialistas, a MI foi elaborada a partir da identificacao de critérios
ou fatores através de uma Revisdo Sistematica da Literatura, determinando 54 fatores, que ao
serem discriminados por Metandlise, reduzindo-se para 29 fatores. Posteriormente, um grupo de
cinco profissionais especialistas em Equipes de Trabalho e Seis Sigma avaliou o questionario em
dois critérios: qualidade e coeréncia. Os resultados mostram que, em uma escala de um a quatro,
52,6% dos itens foram avaliados com nota quatro. Posteriormente, por meio do teste estatistico de
Friedman, confirmou-se a discordancia para os dois critérios avaliados; em seguida, o instrumento
de medida foi revisado, aprimorado e aplicado em outro grupo de quatro especialistas, repetindo-
se o teste de Friedman e obtendo-se um valor de P maior que 0,05 na segunda avaliacgdo,
concluindo-se que ha concordancia entre os especialistas nos 29 itens da MI e que 0 mesmo é

valido (adequado) para que possa ser utilizado continuado
Palavras-chave: Validacdo de Instrumentos de Medigdo, Opinido Especializada, Validacdo de

Conteldo, Fatores, Seis Sigma.
Fecha Recepcion: Marzo 2023 Fecha Aceptacion: Enero 2024

Introduction

Companies apply the Six Sigma (SS) methodology with the objective of improving
operations through the use of statistical tools in quality management (Goh and Xie, 2004), since it
the reduction of process variability and elimination of activities that do not add value (Bafiuelas et
al., 2005; Rodriguez-Medina et al. , 2021). In the industrial practice, this methodology is
implemented through projects led by work teams (Lloréns-Montes and Molina, 2006), and it is
fundamental for success. However, despite its wide use, some literature reports that are lower than
those projected, so it is pertinent to examine the literature to identify and evaluate results of
benefits are success factors and determine their relative importance.

This work, therefore, focuses on the validation of a measurement instrument (MI) in the
form of a questionnaire through the judgment of a group of experts, which will be used to collect
data for the development of a predictor model of the effectiveness of work teams in projects that
apply the SS methodology.

Critical Success Factors (CSF) are variables, characteristics or conditions that significantly

affect the success of organizational projects (Milosevic and Patanakul, 2005), represent areas of
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interest so that those responsible can implement effective measures for the project administration,
focusing attention on those factors and make informed decisions (Suérez and Diaz, 2013).

During the research phase, are identified effectiveness factors of SS work teams in
manufacturing industry projects. To do this, a search was carried out for scientific articles (figure
1) published between 2017 and 2021, this literature is analyzed by the PRISMA methodology.
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Figure 1. PRISMA Diagram for Systematic Literature Review
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Records excluded (n=44)

Reports excluded (n=23):

Reports assessed for eligibility (n=84)

No relevance to the issue of effectiveness and work teams (n=6)
No relevance to the topic SS work teams (n=5)

No relevance to the topic SS implementation (n=12)

Total studies included in review (n=61)

)

In total, a total of 139 articles were reviewed, of which 61 were selected. The remainder
were excluded as they were considered not relevant, obtaining a list of 54 factors These articles
were studied through Meta-Analysis to determine factors that contribute to the success of SS

projects and their relationship with the effectiveness of the work team. Table 1 presents the 29

factors.

Source: Valles Chévez et al. (2023)
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Table 1. Factors identified by Meta-Analysis.

No. Factor Frequency
1 Management participation * 20
2 Senior management commitment S)
3 Organizational infrastructure 15
4 Cooperation, effective communication and internal transmission. 13
5 Cultural change management (resistance to change) 6
6 Strategic planning 8
7 Project prioritization and selection 12
8 Selection, monitoring and review of the SS project 6
9 Alignment of the SS project with the organization's objectives 5
10 Integration of SS to financial benefits 5
11 Link SS with clients * 19
12 Link SS with suppliers 10
13 Linking SS with human resources management 6
14 Performance recognition program 7
15 Approach based on short and long term objectives 7
16 Investment of adequate resources 9
17 Tools and techniques of the SS methodology 12
18 System adaptable to the implementation of SS 6
19 Metric-Focused SS 6
20 Data analysis system and statistical methods 9
21 Coordination with management systems and knowledge exchange 7
22 Training and continuous training of specialized multifunctional teams | 15
23 Project leader selection 7
24 SS methodology role structure 5
25 Collaborative team 11
26 Teamwork 11
27 Participation and empowerment of members of the SS work team 9
28 Synergy between senior management and the SS project work team 9
29 Executive leadership skills 9

Source: Valles Chavez et al. (2023)

Measurement is a procedure used to link abstract concepts, identified as assumed constructs
or latent variables. To measure these concepts, it can only be done through observable variables
(Cupani, 2012), which is achieved through a measurement instrument (MI) in the form of a
questionnaire, understood as the resource that researchers use to record data and generate
information of the research variables.

It is a set or series of questions about one or several variables to be measured. Therefore,
the MI must meet three essential requirements: be Objectivity, Validity and Reliability (Hernandez

Sampieri et al. , 2014). Objectivity refers to the level to which Ml is influenced by tendencies and
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biases that could be generated by the researchers who manage, rate, and interpret it. To reinforce

the objectivity of the IM, its standardized application is recommended, that is, with the same

instructions and conditions for all judges, as well as in the evaluation of results. Furthermore, it is

suggested that the M1 be administered by personnel with knowledge, training and experience.

Validity is described as the degree to which an MI effectively measures the desired
variable. The literature reports three approaches to validity: content-related, criterion-based, and
construct-related. In this instrument, validity is understood as the degree to which the M1l measures
the variable in question according to the expert's criteria.

Reliability refers to the level at which the MI provides consistent results, revealing the
degree of confidence. This means that, if applied repeatedly, similar results should be obtained
(Mondy and Noe, 2005). It is important to note that even if an Ml is reliable, it is not necessarily
valid. Therefore, it is necessary to demonstrate both reliability and validity to guarantee the
certainly of the results (Hernandez Sampieri et al. , 2014).

For the validation of the M, the data is analyzed using non-parametric statistics such as
the Friedman test, which, according to Granato et al. (2014), is presented as an alternative to

analyze the variance between two factors.

Methodology

The methodology used in this research was quantitative, since data was collected for
hypothesis testing, based on numerical measurement and the use of statistical analysis. This
approach involves a series of research processes that range from the collection, analysis,
integration and discussion of quantitative data with the objective of obtaining a greater
understanding of the phenomenon studied through the inference of the results of the information
obtained (Malhotra, 2008; Hernandez Sampieri et al. , 2014).

Materials
For this research, articles and publications available in various databases selected for their
recognition and informative quality were used, as well as the number of articles found, such as
Springer, Sciencedirect , IEEE, Elsevier, Emerald , among others, during the period between 2017
and 2021, also including publications from previous years. To evaluate the factors, an MI was
designed in the form of a questionnaire, derived from the systematic review of literature and the

application of Meta-Analysis. Statistical data analyzes were carried out with Minitab® version 18.
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Methods

Following a procedure similar to previous studies (Garcia Martinez et al., 2021; Rodriguez
Medina et al., 2021), and given that the measurement seeks to establish relationships between
abstract concepts and empirical data that record information about variables, the MI records
observable data representing the concepts or variables of the study. This research was planned in
three steps: identification of factors, design of the IM, and validation of the IM by expert judgment
(Figure 2).

Figure 2. Methodology for validation of the Ml

N N
Identification of . Validation of MI
. Measuring
factors in the . content by Expert
: Instrument Design
literature Judgement

J

Source: self-made

The first step consisted of identifying the factors that impact the effectiveness of Six Sigma
(SS) teams through a literary review of the state of the art and consultation with expert advisors in
the application of the SS methodology. In this way, a first approximation to the critical factors that
should be included in the MI was achieved.

In the second step, the MI was designed based on the information obtained and considering
the 29 factors identified by the Meta-Analysis. The items to be included in the questionnaire were
written, and a draft was prepared. For this purpose, the operationalization of constructs was carried
out, which is a theoretical concept used to define relationships ( Hair et al. , 1999). As a result, 7

constructs were obtained, which are presented in Table 2.

-: BY Vol. 14, No. 28 January — June 2024, e604



~J(

Revista Iberoamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

Table 2. Operationalization of constructs

No. | Construct Definition

1. Project leader It seeks to determine to what extent the project leader is one of
the most important factors for the effectiveness of the SS work
team.

2. Six Sigma Project | It seeks to determine some indicators that an SS project work

Team team should know.
3. Organizational It mainly seeks to determine the resources and organizational
infrastructure structure necessary for the project to be immersed in an
organization that gives it the necessary support.

4. Top Management It seeks to determine the commitment and participation of senior
management for and adequate deployment of a SS project and to
assure the adequate selection and prioritization of the project.

5. Customer and | Seeks to determine the connection of the organization's

supplier integration | commercial strategy with its customers and suppliers

6. Six Sigma project | Seeks to determine the adequate planning, monitoring and

management measurement of the SS project, as well as the performance of the
tools and technigues implemented

7. Deployment of the | It seeks to determine the administrative elements that

Six Sigma project management must consider that foster an adequate environment
for the implementation of the project.

Source: self-made

Finally, in the third step, the validation of the content of the MI was carried out using the
judgment method of experts on the subject. The collaboration of a group of experts was requested
to evaluate the IM in terms of clarity and coherence, accordingly to the methodology proposed by
Escobar-Pérez and Cuervo-Martinez (2008). In this research, the two categories mentioned above
are evaluated, taking advantage of the results of the Meta-Analysis (MA) as evidence to integrate
the findings of several previous studies.

The validation by expert judgment (EJ) was carried out using non-parametric tests, because
nominal data are used. To determine differences in center location (median) and test the analysis
recursively with three or more dependent samples (Granato et al. , 2014), the Friedman statistical
test is applied to determine the level of agreement between the experts and calculate the P value,
thus discriminating between the two hypotheses in relation to the data collected.

Ho : There is significant agreement among the experts.

Hq: There is no significant agreement among the experts.

In addition, two researchers from the Department of Industrial and Manufacturing Engineering at

IIT-UACJ were asked to review the list of items proposed for the IM and provide comments on it.

Vol. 14, No. 28 January — June 2024, e604
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Results

To evaluate the impact of these factors, an initial list of items was prepared to be included

in the draft of the MI, which included seven criteria and preliminary twenty-nine conditions to be

evaluate measure (Table 3).

Table 3. Items for the IM draft

Dimension

Item

SS Team
Leader

Manage the project, its personnel, resources, control, organization, etc.

Encourages member participation for teamwork.

Has the following skills: negotiation, communication, decision making and
conflict resolution.

Establishes a synergistic relationship between senior management and the
SS project work team

SS Project
Team

Team members must be collaborative among themselves, fostering a
harmonious work environment.

Team members have the ability to build good relationships with clients,
suppliers and functional areas in the company.

Team members must be empowered with some autonomy

(e0)

Team members must have roles structured according to the SS methodology

Organizational
infrastructure

The company has an organizational culture aimed at continuous
improvement

10

The company has a continuous and systematic training program

11

The company has an established system to select leaders for SS projects

High direction

12

Senior management is involved with the company's continuous
improvement system

13

Senior management links SS with the company's strategic objectives

14

Senior management integrates SS with financial benefits

15

Senior management exercises its management with a results-based approach

16

Senior management exercises adequate process management

17

Senior management invests in improving manufacturing infrastructure

18

Senior management assigns a budget to finance SS projects

Clients and
suppliers

19

There is active collaboration of suppliers in the product design and/or
redesign process

20

There is active customer collaboration in the product design/redesign
process

SS Project
Management

21

SS projects are selected according to their strategic impact

22

The formulation of an SS project includes the establishment of clearly
defined objectives, responsibilities and allocation of resources.

23

During the execution of the SS project, the performance of team members is
continually evaluated.

24

Performance of SS projects is measured through a results report

SS project
deployment

25

There is a structured SS procedure, applying tools and techniques of the SS
methodology

Vol. 14, No. 28 January — June 2024, e604
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26 | SS is metrics-centered

27 | There is coordination of the quality management system and knowledge
exchange

28 | Data is analyzed with statistical methods for decision making

29 | The company's work system adapts to the implementation of SS

Source: self-made
The result of the second step (in IM design) was the preparation of the 1M that was presented to
the expert evaluators, starting from the previously prepared list and taking into account the
comments and adjustments (figure 3).

Figure 3. Measuring Instrument for Validation by Expert Judgment

|UNIVERSIDAD AUTONOMA DE CIUDAD JUAREZ Clarkied | Coheracia | Olseriachones

INSTITUTO DE INGENIERIA Y TECNOLOGIA
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NOMBRES Y LIDOS DEL JUEZ:
FORMACION ACADEMICA.

AREAS DE EXPERIENCIA PROFESIONAL.
TIEMPO_ CARGO ACTUAL
INSTITUCION

organizacional

De acuerdo con los siguientes indicadores califique cada uno de los items segiin corresponda

CATEGORIA CALIFICACION | INDICADOR
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El item se comprende ficilmente
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acien
de Proyectos 55
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e trabayo ¢ la empresa se adapia a la imp lntacion de

=]

Source: self-made

In the third step, which corresponds to the validation of the IM by experts, a total of five

specialists were selected, who had to meet three criteria: have at least five years of work

experience, have a doctorate degree in engineering or a related field, have as academic training

and experience in SS topics. These experts evaluated the instrument in two different categories:

clarity and coherence. During this step, one expert's responses were discarded due to
inconsistencies.

In an initial exploration of the two criteria, the results of the evaluations showed that, of

the 232 assignments of a value to the items, the judges agreed in assigning a value of 4 52.6% of

the time and a value of 3 in 34.5%. These results empirically show a disagreement between the

judges (figure 4).
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Figure 4. Pareto initial exploration of item evaluation by the experts
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For example, in the clarity criterion , the experts (A, B, C, D) established a value between
1 and 4 for each item, according to their appropriate consideration (table 4).

Table 4. Evaluation of the clarity criterion by JE

Item/expert A |B |C |D Item/expert A |B |[C |D
1 3 |3 |3 |3 16 4 1 |3 |3
2 3 |4 |4 |3 17 4 1 |3 |4
3 4 |4 |4 |3 18 4 1 |4 |4
4 4 4 4 2 19 4 1 3 4
5 4 |4 |3 |3 20 4 |2 |3 |4
6 4 |14 |3 |2 21 4 |3 |3 |3
7 4 |14 |2 |2 22 4 |4 |3 |3
8 4 |3 |4 |3 23 4 |2 |3 |4
9 3 |3 |3 |3 24 3 |3 |2 |3
10 4 |4 |4 |3 25 4 |4 |4 |4
11 4 |14 |4 |2 26 4 |4 |4 |3
12 4 4 4 3 27 3 1 4 3
13 4 4 4 3 28 4 1 4 4
14 4 |4 |3 |3 29 4 1 |3 |3
15 4 |4 |4 |3

Source: self-made
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Subsequently, the data presented in Table 5 were statistically analyzed with software
Minitab, version 18, using the statistic Friedman. In this phase the following hypotheses were
proposed :

Ho: The treatment effects are equal to zero.
Hq: Not all treatment effects are equal to zero.

Table 5. Friedman test of the clarity criterion (Minitab* results)

Treatment_Cjz N Median Sum of classifications
1 29 |3.75 91.0

2 29 |3.50 68.0

3 29 |3.50 73.5

4 29 |[3.25 57.5

General 116 |3.50

Method G.L. | Chi-square | p value

Not adjusted for ties | 3 12.18 0.007

Adjusted for ties 3 18.68 0.000

Source: self-made
Also, the Friedman statistical test was performed for the coherence criterion. Table 6
shows the results for S (adjusted for ties).

Table 6. Friedman statistical test for the clarity and coherence criteria

Clarity Coherence

Statistician S | 14.41 75

G.L. 3 3

P value 0.000 0.000
Source: self made

Table 6 shows that the results of the statistical data analysis reveal that for both the clarity
and coherence criteria, the test statistic S has a P value less than the alpha value of 0.050 (which
is not adjusted for ties), therefore, there is sufficient evidence to reject the null hypothesis (Ho). In
both criteria, the hypothesis that treatment effects are equal to zero is refuted by the data. In other
words, there is no agreement among experts on the elements under analysis. Due to this, a review

of the questionnaire is required, and improvements are made to these criteria.
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Discussion of results

After the first review, a second evaluation is carried out with 4 different experts than the
first. Again, both criteria (clarity and coherence) are evaluated. In this case, the S test statistic had
a P value greater than the alpha value of 0.05 (not adjusted for ties), indicating that there is
insufficient evidence to reject the null hypothesis (Ho). For example, in the clarity criterion, the S
value was 0.33 and the P value was 0.954, which means that there is agreement between the
experts.

Figure 5. Results of the second evaluation of the items by JE
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Figure 5 shows that 96.6% of the items were evaluated with a score of 4, which allows us
to conclude that, as there is agreement between the experts, the Ml is valid for its application.
Empirically, this research work reflects that 96.6% of the items received an assigned rating of 4,
considered the highest value on a scale from 1 to 4. The Friedman test used for statistical analysis
confirms the agreement between the expert evaluators. Therefore, the questionnaire (annex) is
considered valid to measure the effectiveness factors of work teams in Six Sigma projects (Alvarez
etal., 2021).

Finally, when the criteria to be evaluated are specified with a systematic literature review,
validation by expert judgment is applied and statistical analysis is used, such as the Friedman test,
it can be stated that it is possible to achieve validation of an instrument more efficient

measurement.
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Conclusions

This research was based on the assumption that the lack of a validated and reliable
measurement instrument (M) could have a negative impact on the identification and quantification
of the critical factors of Six Sigma (SS) teamwork effectiveness. This objective is considered
fulfilled, since an MI has been developed in the form of a formal questionnaire, which facilitates
its use for both SS practitioners and academia and has been appropriately validated by expert
judgment.

It is important to highlight that, in the stage of selecting experts to participate in the
evaluation of the M, it is crucial that they have knowledge of the theory and practice of SS.
Furthermore, it is recommended to define in advance the number of participating experts in relation
to the characteristics of the test and the statistical analysis to be applied.

A limitation of this research work is that the first validation of the MI by expert judgment
was carried out in person, while the second evaluation was carried out virtually, so the results
should not be generalized. However, since the stages and results have been presented clearly and
concisely in the validation method, this procedure can be applied for the development of

instruments.

Future lines of research
This work is part of the second stage of the research project aimed at developing a
predictive model for the effectiveness of work teams in Six Sigma projects. Therefore, the next
step will focus on the evaluation of the reliability, or internal consistency, of the measurement
instrument (MI) using Cronbach's alpha coefficient in a pilot run. This will be carried out by taking
a sample of the target population. In addition, the application of factor analysis and structural
equation modeling is contemplated.
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