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ABSTRACT

Objective: To build and validate an instrument to evaluate Lean Healthcare in healthcare institutions.

Method: Methodological study conducted in three stages: 1) Instrument construction; 2) Content validity using the Delphi technique
with 14 experts; and 3) Construct validation using Structural Equation Modeling with sample consisted of 113 professionals with
experience in Lean Healthcare. Data collection carried out from October/2020 to January/2021 using a digital form. Data analysis
performed with the SmartPLS2.0/M3 software.

Results: Items were developed after an integrative review and divided into the dimensions Structure, Process and Outcome,
according to Donabedian’s theoretical framework. Content validation in two rounds of the Delphi technique. Final instrument, after
model adjustment, containing 16 items with Cronbach’s alpha of 0.77 in Structure, 0.71 in Process and 0.83 in Outcome.
Conclusion: The instrument presented evidence of validity and reliability, enabling its use in healthcare institutions to evaluate Lean
Healthcare.

Descriptors: Nursing. Validation study. Data accuracy. Health evaluation. Health management. Total quality management.

RESUMO

Objetivo: Construir e validar um instrumento para avaliar o Lean Healthcare nas instituicGes de satde.

Método: Fstudo metodoldgico realizado em trés etapas: 1) Construgdo do instrumento; 2) Validade de contetido pela técnica Delphi
com 14 especialistas; e 3) Validade de constructo por Modelagem de Equagdes Estruturais, em amostra de 113 profissionais com
experiéncia no Lean Healthcare. Coleta de dados realizada de outubro/2020 a janeiro/2021 por formuldrio digital. Andlise de dados
realizadas com o software SmartPLS2.0/M3.

Resultados: lItens elaborados apds revisdo integrativa e divididos nas dimensdes Estrutura, Processo e Resultado, conforme
referencial tedrico de Donabedian. Validacao de contetido em duas rodadas da técnica Delphi. Instrumento final, apds ajuste do
modelo, contendo 16 itens com alfa de Cronbach de 0,77 em Estrutura,0,71 em Processo e 0,83 em Resultado.

Conclusdo: O instrumento apresentou evidéncias de validade e confiabilidade, permitindo seu uso nas instituicdes de satde para
avaliar o Lean Healthcare.

Descritores: Enfermagem. Estudo de validacdo. Confiabilidade dos dados. Avaliacdo em sadde. Gestdo em satde. Gestdo da
qualidade total.

RESUMEN

Objetivo: Construiry validar un instrumento para evaluar Lean Healthcare en instituciones de salud.

Método: Estudio metodoldgico realizado en tres etapas: 1) Construccién del instrumento; 2) Validez de contenido mediante
técnica Delphi con participacion de 14 expertos; 3) Validez de constructo mediante Modelado de Ecuaciones Estructurales con
muestra compuesta por 113 profesionales con experiencia en Lean Healthcare. La recopilacion de datos se realizé de octubre/2020 a
enero/2021 mediante formulario digital. El andlisis de datos se realiz6 con el software SmartPLS2.0/M3.

Resultados: ftems elaborados después de revisin integradora y divididos en las dimensiones Estructura, Proceso y Resultado, segin
referencial tedrico de Donabedian. Validacion de contenido en dos rondas de la técnica Delphi. Instrumento final, después del ajuste
del modelo, contiene 16 ftems con alfa de Cronbach 0,77 en Estructura,0,71 en Proceso y 0,83 en Resultado.

Conclusidn: El instrumento presentd evidencias de validez y confiabilidad, permitiendo uso para evaluar Lean Healthcare.
Descriptores: Enfermeria. Estudio de validacion. Exactitud de los datos. Evaluacion en salud. Gestion en salud. Gestién de la calidad total.
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Bl INTRODUCTION

After World War Il, Japanese manufacturers faced short-
ages of material, financial and human resources. To counter
this scenario, Toyota leaders, Eiji Toyoda and Taiichi Ohno de-
veloped a disciplined process-oriented management system
known as the Toyota Production System (TPS), which was
called Lean from 199172, Lean is a management philosophy
that was adapted for use in the healthcare sector, called Lean
Healthcare and its first publications in this area emerged in
the United Kingdom in 2001 and in the United States in 2002.
Lean Healthcare presents an expectation of reducing costs
and optimize resources by reviewing processes to generate
value for the patient/user®.

Changes are constant in the healthcare field and its main
objective is to achieve quality care®. In this systematic man-
agement approach, the objective is to do more with less,
that is, organizations must seek to develop high-quality
services or products, avoiding waste, reducing costs and time
to perform the service®. The three terms used to describe
wastein Lean are: 1) Muda — activity that consumes resources
without creating value for the customer; 2) Mura — variation
in the process that makes control difficult and generates
intense peaks of work and, later idle moments; and 3) Muri
- overloading of people and equipment,

Lean Healthcare provides tools and practices that enable
professionals to think and develop solutions to improve the
efficiency, quality and sustainability of the organizations
they are part of. In its management model, it values all
professionals involved and seeks the root cause of prob-
lems together with those who most implement actions.
Professionals are encouraged to reveal situations that require
improvements, as this is the first necessary condition to
fix them. This allows professionals to participate in solving
problems within the workplace, which contributes to their
professional satisfaction and, in the practice of Lean, it is up
to leadership to engage the team®.

Evidence points out to positive outcomes with the
practice of Lean Healthcare, such as: reduction in surgical
cancellation and increase in installed service capacity®,
reduction in waiting time®, reduction in hospitalization
time®, increased satisfaction of patients and employees‘,
increased operational efficiency and time optimizationt'".

In the Brazilian scenario, the Lean Healthcare philosophy
has contributed to reducing waste and improving quality
in the healthcare field"'. Continuous improvement and
maintenance of achieved results are challenges for manage-
mentin the use of Lean in healthcare practice. Better results
occur as the team gets involved in the change process,
modifying and maturing a new way of thinking about their
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work process'™. Itis up to health management to periodically
evaluate and monitor Lean to sustain the results achieved
in its implementation.

The Donabedian model, based on the evidence, strength-
ens the healthcare evaluation process, enabling to identify
the factors involved in the management models and a better
understanding of service quality through existing criteria
in each of the proposed dimensions of structure, process
and outcome'®.

There are some instruments available to evaluate Lean
implementation only. For the healthcare field, the following
instruments stand out: Lean in Healthcare Questionnaire
(LiHcQ), aimed specifically at primary health care"and the
Employee Perception to assess Lean Implementation Tool
(EPLIT), which applies to the Lean implementation™®. There
is a lack of instruments to monitor/evaluate Lean Healthcare
outcomes over time in hospital services. Given the above, the
present study aimed to build and validate an instrument to
evaluate Lean Healthcare in healthcare institutions.

B METHOD

Methodological study conducted in three stages: 1)
Instrument construction; 2) Content validity using the Delphi
technique; and 3) Construct validation using Structural
Equation Modeling to evaluate the measurement model
and the structural model.

In the first stage, of instrument construction, a literature
review was performed!'?, and consultation of other existing
instruments, the opinion of experts and the experience of
the target audience for: a) items construction ; b) distribu-
tion by dimensions, according to Donabedian’s theoretical
framework® (structure, process and outcome); ¢) instrument
layout development; e) proposition of a bidirectional Likert re-
sponse scale with five points (1=strongly disagree, 2=partially
disagree, 3=neutral, 4=partially agree, 5=strongly agree)®.

The first items were developed based on the findings
of the literature review!?and other existing instruments.
The opinion of experts and the target audience were also
consulted through a focus group conducted with partici-
pants in a research group on nursing management. Three
meetings lasting two hours were held, until opinions were
exhausted regarding the items necessary to compose the
instrument, as well as the appropriate dimension for each
item, considering Donabedian’s theoretical framework!®.

For the second stage of the study, using the Delphi
technique, a panel of experts was formed after invitations
on national digital platforms that gather professionals
with experience in Lean. The inclusion criteria were: 1)
Having a minimum of five years of experience with Lean
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Healthcare; and/or 2) Holding Green Belt certification;
and/or c) Having experience with research related to
instrument construction.

Two rounds of the Delphi technique were necessary, con-
ducted remotely between January and June 2020. Originally,
a feedback was requested within 14 days, but this occurred
after 36 days for the first round and 22 days for the second
round and the interval between rounds was 54 days.

The experts who expressed interest in participating
in this second stage of the study received a formal email
invitation, which outlined the objectives, and theoretical
concepts adopted in the study and included files of the
Informed Consent Form, the instrument, and the guidelines
for completing the analysis of the instrument in the content
validation process. From the 23 professionals who met the
inclusion criteria, 60.8% (14 professionals) adhered to this
stage and only one expert did not complete the second
round of the Delphi technique.

The representativeness and clarity of each item were an-
alyzed using the Content Validity Index (CVI). The calculation
was based on a four-point ordinal Likert scale, and judges
could mark the following responses for representativeness:
1 = not representative, 2 = item needs major revision, 3
= item needs minor revision, or 4 = representative item.
To assess comprehensiveness, clarity and relevance, the
following options were used: 1 = not clear, 2 = unclear, 3 =
quite clear, 4 = very clear. ltems with CVI below 80% should
be reviewed, as suggested by experts©@".

Finally, in the third stage, the measurement model and
the structural model were analyzed for construct valida-
tion. Data collection for construct validity was carried out
using the free online platform Google Forms and the data
collection period was from October 2020 to January 2021.
The study population consisted of members of the multi-
disciplinary team working in healthcare services that adopt
Lean Healthcare.

The recruitment of professionals was conducted by in-
vitations on the social medias Instagram, Facebook and
LinkedIn, to groups of healthcare professionals working
and researching on Lean; to members of SOBECC (Brazilian
Association of Surgical Center Nurses, Anesthesia Recovery
and Material and Sterilization Center — Associagéo Brasileira
de Enfermeiros de Centro Cirurgico, Recupera¢do Anestésica e
Centro de Material e Esterilizacdo) and REBRAENSP (Brazilian
Network of Nursing and Patient Safety — Rede Brasileira de
Enfermagem e Seguranc¢a do Paciente). The invitations includ-
ed a request for widespread dissemination of the research.

It was decided to send an invitation to members of
SOBECC and REBRAENSP as they are official groups with
professionals working in hospital services with great potential

to meet the inclusion criteria of the study. Furthermore, the
use of Lean philosophy has been the subject of scientific
events and discussions organized by both groups due to
their focus on continuous improvement. In this context,
there was a lack of any official Brazilian certification, group
or platform that registered healthcare services adopting
Lean Healthcare.

The inclusion criterion adopted was three months of
previous experience with Lean Healthcare and no partic-
ipants were excluded. The minimum sample required for
validation was calculated using a significance level of 0.05,
medium effect size and statistical power of 0.80, using the
free software G*POWER. The resulting value was 55 cases
for using the estimation model??,

For participant characterization, the following informa-
tion was sought: 1) Profile of the institution in which they
work (public, private or philanthropic); 2) Brazilian state of
institution location; 3) Position; 4) Professional role; 5) Work
area; 6) Sector in which works; 7) Age; 8) Gender; 9) Time of
experience working with Lean Healthcare; 10) Time working
with Lean Healthcare in current job.

The data collected in Google Forms were exported to
a spreadsheet in Microsoft Excel and imported into the
Statistical Analysis System® (SAS) software version 9.4. Data
adherence was checked using Mardia’s PK test based on its
distribution to check whether the statistical tests would be
parametric or non-paramedtric.

It was used the Structural Equation Modeling (SEM)
technique, more specifically the second-order confirmatory
analysis??with the SmartPLS 2.0 M3 software. This technique
was chosen because the instrument contains three con-
structs defined by the Donabedian model®(O - Outcome,
S - Structure and P — Process) and the data do not adhere
to a multivariate normal distribution. Using the SEM, the
measurement model and the structural model were an-
alyzed. The measurement model evaluated: convergent
validity, reliability, discriminant validity and significance of
correlations and regressions. In the structural model, the
following were evaluated: the path coefficients, the Pearson
determination coefficients— R2, the effect size— f2and the
predictive validity— Q2

Once the initial model was calculated by the SEM, seven
stages were followed to adjust the model. In the first stage,
convergent validity was analyzed considering the AVE value
> 0.50 (AVE - Average Variance Extracted). Regarding reli-
ability, Composite Reliability (CR) and Cronbach’s alpha were
evaluated, and it was defined that both measures should
be greater than 0.70%%, Discriminant validity was verified
using the Fornell and Larcker criterion by comparing the
value of the AVE square root of each construct, which should
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present a higher value than the correlations of the AVE with
the other constructs®?. The significance of correlations and
regressions were evaluated using the resampling module
(bootstrapping) of the smartPLS software, with calculation
of Student’s t(reference — t > 1.96)@2.

After adjusting the measurement model, the structural
model was analyzed using Pearson'sdetermination coeffi-
cients (R?). For the field of social and behavioral sciences,
Cohen (1988) suggests thatR?=2% be classified as a small
effect, R?=13% as a medium effect and R*=26% as a large
effect®. For the effect size(f?) of the constructs, values
of 0.02, 0.15, and 0.35 were considered small, medium
and large respectively to weigh the importance of each
construct in the model. Finally, the predictive validity(Q?),
or accuracy of the model, was evaluated with reference
to Q>0

The study was approved by the Research Ethics Committee
under opinion 3,739,373 (CAAE 20454519,2,0000,5404).
Professionals from the expert panel and other participants
accepted the ICF. The confidentiality of participant identifi-
cation and data confidentiality was ensured, in compliance
with Resolution No. 466/12.

B RESULTS

First stage: Instrument construction

The first version of the instrumentwas developed based
on an extensive literature review, consultation of other in-
struments and focus groups with experts and members of
the target population (professionals with experience in Lean
Healthcare) resulted in the construction of 54 items. We had
the participation of 16 professionals in this stage. From the
total items, 47 items were created based on the results of
the literature review and consultation of other instruments,
while eight (8) items emerged from the focus groups. In
total, there were three focus groups, in which participants
were also able to give their opinion on the 47 items present
in the instrument.

In the distribution by dimensions, conceptual aspects
of Donabedian’s theory!'®, discussed in the focus groups,
were considered: a) Structure: items about resources, norms,
routines, system of values and expectations; b) Process: items
about the assistance actions provided to patients/users; and
¢) Outcomes: items that demonstrated the consequences of
the activities performed by healthcare professionals. From
54 items, 18 were allocated to the Structure dimension, 17
to Process and 19 to Outcome.
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Second stage: Content validity using the Delphi
technique

In the content validation stage, two rounds of the Delphi
technique were carried out. The first round took place with
14 experts, seven nurses, two hospital administrators, a con-
sultant pharmacist and four engineers, all with experience in
Lean. The experts'response time varied from 10 to 36 days.

Out of the 54 items in the instrument, related to repre-
sentativeness, 14 items (Q11,Q17,Q18,Q19,Q21,Q25, Q26,
Q30, Q33,Q37,Q38, Q39, Q41, Q43) obtained a CVI below
80%. Regarding clarity, 14 items (Q1, Q2, Q3, Q6, Q19, Q25,
Q27,Q28,0Q38,041,042,0Q47,Q50 and Q51) obtained a CV!
below 80%. Of these items, four (Q11,Q18,Q21 and Q30) were
excluded due to low representativeness and because they
were covered by other items. There was also the inclusion of
an item.Therefore, at the end of the first round of the Delphi
technique, the instrument contained a total of 51 items.

Still in the first round of the Delphi technique, experts
were asked to indicate, among the alternatives presented
(structure, process and outcome), the dimension in which
each item best fit. There was agreement with the proposed
dimension for 45 items (83%). From the analysis of diver-
gences for the remaining nine items, a change in dimension
was made for five items (Q1, Q9, Q12, Q26 and Q50) and
maintenance of the dimension originally proposed for four
items, according to the theoretical framework.

Inthe second round, 51 items, along with the title, filling
instructions, and response options, were sent for analysis
to the experts. This round took place 54 days after the first
round and involved 13 experts, as one judge had COVID-19
and was unable to participate in this stage. Return time in
the second round varied from seven to 22 days. The CVI
for clarity in the title was 82%, for filling instructions it was
89%, and for answer options, 89%. Therefore, there were no
changes made to these elements.

In this second round, all 51 items had a CVI greater than
80% for representativeness and 50 items obtained a CVI
greater than 80% for clarity. ltem Q24 obtained a CVI of 71%
and had its wording changed, reformulated from: “In my
sector there is standardization of conduct (protocols, norms)
between professionals in the same category” to “In my sector
there is standardization of conduct (protocols, norms) between
professionals of the same category, such as nursing, physicians,
cleaning and others” The experts suggested changing the
wording of three other items (Q5, Q30 and Q51), which
was accepted.

At the end of this stage, the 51 items evaluated were
grouped as follows: 19 items in the Structure dimension, 17
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items in the Process dimension and 15 items in the Outcome
dimension (Chart 1). With the high degree of agreement
among expertsin validating the content of the instrument’s
title, the abbreviation IALEH is used to refer to the Lean
Healthcare Evaluation Instrument.

Third stage: Construct validation through
Structural Equation Modeling to evaluate the
measurement model and the structural model

In the third stage of the study, 113 professionals par-
ticipated, the majority (76.1%) female, aged between 23
and 67 years old, an average of 42.2 years old and a me-
dian of 40.0 years old. From these, 62% from the state of
Sao Paulo, 14% Rio de Janeiro, 7% Minas Gerais, 7% Ceara,
4.4% Rio Grande do Sul and other states (Santa Catarina,
Pernambuco, Parana, Espirito Santo, Distrito Federal and
Bahia — 0.9% in each state).

The majority of participants held positions as Managers
or Coordinators (58.5%), the others worked as Support
Professionals (17.7%), Directors/Administrators (8.8%),
Consultants (6.2%), Quality Analysts (5.3%) and Advisors
(3.5%). Regarding their educational background, 66.3%
were Nurses, 19.4% were administrative professionals,
4.4% Physicians, 2.6% Pharmacists, 2.6% Engineers, Nursing
Technicians (1.7%), Psychologist, Quality Technical Assistant,
and Assistant (0.9% each).

Participation was obtained of professionals from the
hospital area (94.7%), Basic Health Unit (1.8%), Support and
Diagnosis (1.8%), Consulting (0.9%) and Outpatient (0.9%).
The representation of the participants' work sectors, in de-
scending order, was: Surgical (35.4%), Quality (24.8%), Clinical
(14.1%), Support areas (11.5%), Urgency/ Emergency (9.7%),
Intensive Care (2.6%), Basic Health Unit (1.7%).

Once the sample characterization was completed, valida-
tion through Structural Equation Modeling (SEM) began. The
verification of convergent validity, obtained by observing AVE
> 0.50, was carried out in six rounds of Structural Equation
Modeling, until all items with AVE < 0.50 were removed
from the instrument (Table 1). In the fifth round of SEM, the
Structure dimension presented AVE < 0.50, with variables
removed from the model. The sixth round resulted in model
adjustment, with AVE > 0.50 in all dimensions.

The final analysis model containing the 16 items that
remained in the instrument (Figure 1) resulted in statisti-
cally acceptable values and can be considered adjusted.
The analysis of the path coefficients (between the arrows
that connect the constructs) shows that these values can
be considered high, suggesting a good fit of the model.
Composite Reliability and the Cronbach’s Alpha (AC) test
presented values above 0.70 (Table 2).

Through the correlation between the constructs of the
instrument, it was identified discriminant validity, as the
square roots of the correlation between the constructs
(square root of the AVE) have a higher value than the cor-
relation with the other constructs. The square roots obtained
were Structure=0.726; Process=0.733 and Outcome=0.709.
For the other correlations, the following were obtained:
Structure-Process=0.604; Structure-Outcome=0.705 and
Process-Outcome=0.574.

Moving on to the analysis of the structural model, the
values of Pearson'’s coefficients of determination(R*- R Square)
present high values, showing that the model has strong
relationships between the constructs (Table 2). The signifi-
cance (Student’s t) of the regressions and correlations were
calculated using the resampling (bootstrapping) module
of the SmartPLS 2.0/M3 software. In this process, Student’s
t values >1.96 were identified for all item:s.

Table 1 - Values of Average Variance Extracted in rounds of Structural Equation Modeling for the 51 items of the instrument.

Campinas, Sao Paulo, Brazil, 2022

Models Structure Process Outcome
1% Round 0.309 0.284 0313
2"Round 0.370 0.362 0427
39Round 0417 0455 0475
4" Round 0.429 0.491 0.503
5" Round 0.446 0.528 0.503
6™ Round 0.527 0.537 0.503

Removed items

501,510,512, 519,
P01, P02, P03, PO7, P09, P13, 002,008, 010,011 e O13

S05,513,515,517,518, P06, P08, P11, P12, R06 € O12
S14,P17,004
S08,P10e P16
S04,511e516

Source: Research data, 2022.
Legend: S — Structure; P — Process; 0 — Outcome (dimensions of the instrument).
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Chart 1 - Description of the 51 items and dimensions corresponding to the Lean Healthcare Evaluation Instrument.
Campinas, Sao Paulo, Brazil, 2022

ITEMS

SO1 Q1 The infrastructure of my sector was changed to facilitate service flows
S02 Q2 Professional performance evaluation is used positively to correct failures/problems
<03 3 The cglture of continuous improvement in my sector, with investments in infrastructure,
material resources and personnel development, favors my professional development
S04 Q5 Continuing education focuses on the demands of patients/users
S05 Q6 Continuing education focuses on the demands of professionals
S06 Q7 The physical structure (flow organization and layout) enhances work performance
S07 Q16 | feel safe in my work environment
S08 Q17 I have good conditions to perform my job
S09 Q24 My team is always encouraged to incorporate new knowledge into practices
S10 Q25 My team is open to new information/knowledge
S11 Q26 In my institution there is a training and updating program for professionals
<15 029 In my sector, Fhanges regarding improvement processes are the exclusive responsibility
of my supervisors
S13 Q30 In my sector, quality indicators are available and/or easily accessible to the entire team
S14 Q32 My sector has material resources in quantity and quality to meet healthcare demands
<15 033 My sector has technological resources in quantity and quality to meet
healthcare demands
16 038 Quality in.dic.ators (costs, process and patients/users) are presented to the
team periodically
S17 Q43 | feel that my opinion is valued to promote change
S18 Q44 | feel satisfied working in this sector
S19 Q46 | am encouraged to report incidents related to patient/user safety
PO ol The stahdardization of healthcare promotes physical and emotional safety for
the patient/user
P02 012 Active participation in change processes in the sector is part of the routine of medical
team members
P03 014 In my sgctor there is standardization of conductv(protoco'ls,. standard;) between
professionals in the same category, such as nursing, physicians, cleaning and others
P04 Q18 There is a routine for the team to periodically discuss the sector’s quality indicators
P05 Q19 I am part of a team that maintains continuous communication on a daily basis
P06 Q20 Materials are requested and used without excess or surplus in the sector

Rev Gatcha Enferm. 2024:45:e20230061
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Chart 1 - Cont.

ITEMS

PO7 Q21 My work process is centered on value to the patient/user

P08 023 My supervisor encourages positive discussions about errors, difficulties and
lessons learned

P09 Q27 Overall, the team | work for makes decisions together

P10 Q31 Flow mapping enables discussions on continuous improvement in my sector

P11 Q34 The patient/user is promptly attended to in this sector

P12 Q35 The work process flows without interruptions

P13 037 The use of st.andardize.d‘ pro;edures and actions increased the recording and
documentation of activities in my sector

P14 Q41 Action plans for improvement projects are discussed with the team periodically

P15 Q48 I am sure that now my functions/attributions are very well defined

P16 Q49 All sectors are involved in continuous improvement

P17 050 We work to reducg waste in service, su;h as: unnecessary inventory, no waiting queues,
no excess production, no rework, no failures and no lengthy transport

001 04 The culture of continuous improvement has contributed to increasing productivity year
after year

002 08 Continuous improvement in healthcare is the result of the work of the team in
each sector

003 Q9 Continuous improvement, based on Lean principles, is part of the routine in my
work sector

004 Q10 My team is recognized for good results in their work

005 Q13 Currently my sector is more organized and efficient

006 Q15 I would feel safe being served in this sector

007 Q22 My sector had immediate positive results with the implementation of Lean

008 Q28 In my sector, improvements in service and organization are only discussed during audits

009 Q36 Teamwork improved after implementing Lean in our sector

010 Q39 Patients/users recognize this institution for its excellence

O11 Q40 | participate in decisions made in my sector

012 Q42 Little or nothing changed in my sector after implementing Lean

013 Q45 Problem solving with long-term projects is valued by the team

014 Q47 We have less waste in the sector compared to last year

015 Q51 Lately, the perception of value delivered to the patient/user by workers has improved

Source: Research data, 2022.
Legend: S — Structure; P — Process; 0 — Outcome (dimensions of the instrument)/ Q — Question
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Table 2 - Values of model fit quality tests. Campinas, Sado Paulo, Brazil, 2022

Dimensions Ave:(gt:a\::i:nce i::ri‘:';;i:; Cronbach’s Alpha
Structure 0.527 0.847 0.774 0.794
Process 0.537 0.822 0712 0.630
Outcome 0.503 0.875 0.833 0.818

Source: Research data, 2022.
Note: R2 values of 0.02, 0.13 and 0.26 are considered small, medium and large, respectively.

Figure 1 - Final model of the Lean Healthcare Evaluation Instrument. Campinas, Sdo Paulo, Brazil, 2022

Source: Research data, 2022.

Regarding predictive validity (Q2), the values obtained
were Structure=0.419, Process=0.333, Outcome=0.402 and
IALEH=0.302. The effect size values were Structure=0.294,
Process=0.227, Outcome=0.334 and IALEH=0.302. The final
instrument consisted of 16 items, with five items in the
Structure dimension (S_02, S_03, S_04, S_06, S_07), four
items in the Process dimension (P_05,P_09,P_14,P_15)and
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seven items in the Outcome dimension (O_01,0_03,0_05,
0_07,0_09,0_14,0_15) (Chart 2).

The score obtained from the application of IALEH can
vary from 16 to 80 points, where higher scores (closer to
the value of 80) indicate a better perception of the team in
adopting Lean Healthcare. For the dimensions, the scores
can vary from 5 to 25 for Structure; 4 to 20 for Process; and
7 to 35 for Outcome.
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Chart 2 - Final version of the Lean Healthcare evaluation instrument. Campinas, Sao Paulo, Brazil, 2022

IALEH - Lean Healthcare evaluation instrument

Instructions: Please answer the items below considering the extent 2 cu >
to which you agree that they are present in your sector or area of work. % v %‘ v =: %
Physicians and other healthcare professionals who are not assigned to 2R 8 e -
i i i i i g€V | c 2 © €
a single unit must respond based on their experiences in the workplace S5 | &5 > -
where they spend most of their time. Y Y
ITEMS
Professional performance evaluation is used positively to
1 . 1 2 3 4 5
correct failures/problems
The culture of continuous improvement in my sector, with
2 | investments in infrastructure, material resources and personnel 1 2 3 4 5
development, favors my professional development
3 | Continuing education focuses on the demands of patients/users 1 2 3 4 5
4 The physical structure (flow organization and layout) enhances . 5 3 4 5
work performance
5 | Ifeel safe in my work environment 1 2 3 4 5
I'am part of a team that maintains continuous communication on a
6 ) . 1 2 3 4 5
daily basis
7 | Overall, the team | work for makes decisions together 1 2 3 4 5
8 Action plans for improvement projects are discussed with the . 5 3 4 s
team periodically
9 | Iam sure that now my functions/attributions are very well defined 1 2 3 4 5
10 The culture of continuous improvement has contributed to . 5 3 4 s
increasing productivity year after year
. Continuous improvement, based on Lean principles, is part of the : 5 3 4 s
routine in my work sector
12 | Currently my sector is more organized and efficient 1 2 3 4 5
My sector had immediate positive results with the implementation
13 1 2 3 4 5
of Lean
14 | Teamwork improved after implementing Lean in our sector 1 2 3 4 5
15 | We have less waste in the sector compared to last year 1 2 3 4 5
Lately, the perception of value delivered to the patient/user by
16 ) 1 2 3 4 5
workers has improved

Source: Research data, 2022.
Legend: S — Structure (items 1-5); P — Process (items 6-9); 0 — Outcome (items 10-16) — dimensions of the instrument.
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B DISCUSSION

In the first stage of this study, an integrative review(?, was
conducted, consulting other existing instruments on Lean
Healthcare and the opinion of experts, with the objective
of contemplating different evaluative aspects to produce a
reliable and appropriate instrument®’. For content valida-
tion, success depends on the size of the expert panel, their
qualifications and experience. The number of experts in other
studies is variable and heterogeneous®. In this regard, the
study had the participation of 14 experts in the first round
and 13 experts in the second round, all with different back-
grounds and experiences.

The remote implementation of the Delphi Technique
enabled the participation of experts from different locations,
without the need for traveling, avoiding unnecessary costs
and facilitating the sending of suggestions. The online model
and anonymity allowed everyone to express themselves freely
and comfortably, as did studies that also used the Delphi
technique®”.The return rate at each stage of performing the
Delphitechnique is variable, generally around 35 to 87%%.
In this study, the return rate was 60.8% for the first round
of the Delphi technique and higher than expected for the
second round, in which 92.8% of experts sent their feedback.

Researchers, in general, faced several intervening factors
due to the Covid-19 pandemic. Restrictions regarding social
contact, access to healthcare services, staying in closed
spaces, overcrowding in hospitals, among others, impacted
research. However, it enabled technological advancement
in several areas, including data collection®,

Data collection took place during the Covid-19 pandemic,
which was the only alternative at the time. During the four
months of collection, 321 professionals were interested in
participating in the study, with 113 professionals meeting the
inclusion criteria. It is believed that more professionals would
have participated in the study if it were not for the atypical
period experienced, which substantially changed the work
routine®), and also a trivialization of web-based research®®,

The sample consisted of 113 professionals from different
categories, all with experience in Lean Healthcare for more
than three months, was substantial for IALEH validation
considering that, in Lean Healthcare, the involvement and
commitment of professionals is one of the main factors for
achieving satisfactory results®.

Regarding the position, most participants were Nurses,
Managers and/or Service Coordinators in the hospital area.
However, there was participation from other team mem-
bers. This diversification is relevant in validating IALEH as it
confirms the engagement of all professional categories in
the practice of the Lean philosophy. Professional education
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and training of team leaders are also essential for success
in Lean management, as it reflects on the engagement of
other team members?.

Representatives from various areas participated in the
research (Surgical/Sterilized Material Center (SMC), Quality,
Clinical Units, Support areas, Urgency/Emergency, Intensive
Care and Basic Health Unit), as occurred in other studies on
the implementation of the Lean Healthcare®,

Moving towards validation, the SEM was used to analyze:
convergent validity, reliability, discriminant validity, signifi-
cance of correlations and regressions, Pearson’s coefficients of
determination - R2, predictive validity— Q%and effect size— f2.
For convergent validity, AVE is the average of the squared
factor loadings and indicates how positively the variables
correlate with their respective constructs or latent variables.
Therefore, when AVEs are greater than 0.50, it is assumed that
the model converges to a satisfactory outcome®?.

Each dimension, in the final model (6™ round of the SEM),
was greater than 0.50 for all dimensions and inferential sta-
tistics continued. The traditional indicator used for reliability
analysis is Cronbach’s alpha, which is based on intercorrela-
tions of the variables, while Composite Reliability prioritizes
the variables according to their reliability, not being sensitive
to the number of variables in each construct like the alpha
of Cronbach. Both indicate whether the sample is free from
bias or whether the responses are reliable, measuring what
is proposed. As Cronbach’s alpha is more sensitive to the
number of variables in each construct, joint analysis with
CRis justified??.

For the analysis of internal consistency, CR measures
ranged from 0.82 t0 0.88 and Cronbach’s alpha ranged from
0.70 to 0.77, as well as other studies in relation to the reli-
ability of scales, which can be interpreted as satisfactory and
demonstrating that the sample is free of bias®). These findings
are similar to those found in a Swedish instrument on team
perceptions regarding the application of Lean Healthcare,
also with 16 items in its final version, in which internal con-
sistency with Cronbach'’s Alpha ranged from 0.60 to 0.86"".

The discriminant validity of the SEM is an indicator that
the constructs or latent variables are independent on of each
other®, Regarding discriminant validity of the instrument,
the values obtained were greater than the correlations of the
constructs, showing that the model has discriminant validity
according to the Fornell-Larcker criterion®®. With discriminant
validity, the analysis of the measurement model is concluded,
and the analysis of the structural model begins using linear
correlation tests between observed variables and latent vari-
ables foranalysis of Pearson’s coefficients of determination(R?)
and the significance of the model with Student’s t, a useful
measure also in the analysis of the measurement model.
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For the field of social and behavioral sciences, Cohen
(1988) suggests thatR?=2% be classified as a small effect,
R?=13% as a medium effect andR?>=26% as a large effect. In
the final model of SEM, R?values represent a medium-large
effect, showing strong relationships between the con-
structs. The Student’s t of the model greater than 1.96 shows
its significance®?.

Relevance or Predictive Validity(Q?) and Effect size(f?) are
other indicators analyzed to adjust the model. Q?evaluates
the quality of prediction or accuracy of the adjusted model
and ranges from zero to 1.In this study, the values obtained
forQ?ranged from 0.30 to 0.42, demonstrating accuracy®,
The effect size(f?) is obtained by including and excluding
constructs from the model one by one, evaluating how
"useful”each construct is for adjusting the model. Values of
0.02,0.15and 0.35 are considered small, medium and large,
respectively??. In this study, the values obtained demonstrate
that all constructs are important for the overall adjustment
of the model.

In its final version, the instrument contains 16 items
distributed across the dimensions Structure (items 1 to 5),
Process (items 6 to 9) and Outcome (items 10 to 16). The
performance of the scale in validity and reliability analyses
aligns with recommendations. The items that remained in
the instrument measure the following elements: a) Structure:
characteristics of the physical structure, evaluation of profes-
sionals'performance, investment in infrastructure, acquisition
of necessary resources, ongoing education focused on the
patient and safety in the work environment; b) Process:
communication, teamwork, action plans with everyone’s
involvement and the need for definitions in the respon-
sibilities of each professional; and c¢) Outcome: culture of
continuous improvement, reduction of waste and perception
of value delivered to the patient. Thus, the three dimensions
proposed based on Donabedian’s theoretical framework
were addressed‘®,

These elements corroborate findings from other studies
that highlight the importance of generating support and
resources, “flow review” and “pull’, where it is necessary to
include the entire team and use standardized work, in addi-
tion to eliminating waste and practice of activities that add
value to the quality of healthcare, aligned with the principle
of seeking perfection to advancement of the Lean philosophy
throughout the institution®.

Itis worth noting that the findings of this study refer to the
perception of different professionals, with different realities,
all with experience in Lean Healthcare. The implication of
the study for the advancement of scientific knowledge is the
relevance of systematic monitoring of the implementation

of Lean Healthcare. The main reasons for Lean failures are
generally associated with inappropriate problem-solving
strategies and the pursuit for quick and timely solutions®”,

The main limitation of the study is the change in the
dynamics of healthcare services due to the COVID-19 pan-
demic, which interfered with the performance of Lean in
institutions and in the routine of healthcare professionals.
Therefore, it is suggested that the instrument be applied
to other samples and working conditions, continuing to
evaluate its psychometric properties. Its application is also
recommended in healthcare institutions with different stages
of Lean Healthcare adoption.

Other limitations, or aspects of improvement for future
studies using IALEH, refer to the possibility of methodical
analysis of cut-off points for interpreting the score obtained
by applying the scale, in addition to the need to create an
official group that records healthcare services that adopt
the Lean Healthcare philosophy in their strategic planning.

Il CONCLUSION

The objective of the study was achieved by following
internationally recommended methodological steps for the
construction and validation of the Lean Healthcare Evaluation
Instrument (IALEH), consisting of 16 items, and divided into
three dimensions (Structure, Process and Outcome).

For nursing and healthcare management, the instrument
can be useful in different scenarios/sectors in identifying
weaknesses that compromise the maintenance of the results
achieved in the implementation of Lean Healthcare. The ap-
plication of IALEH is quick and easy, therefore, it can occur pe-
riodically, enabling continuous improvement to be achieved,
which is one of the principles of the Lean philosophy.
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