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Abstract
Purpose – This paper aims to identify the relationships among critical success factors (CSFs) for lean six
sigma (LSS) implementation in higher education institutions (HEIs).
Design/methodology/approach – An extensive literature review was conducted to design the survey
instrument, which the authors later administered inMexican public HEIs to identify the existing relationships
among the CSFs and their impact on the benefits obtained from implementing LSS projects. The data were
empirically and statistically validated using exploratory and confirmatory factor analysis. Additionally, the
authors applied the structural equation modeling (SEM) technique on SPSS Amos to validate the nine
hypotheses supporting the research.
Findings – The results suggest that the success of LSS projects in HEIs is highly bound to a serious
commitment from topmanagement and several interrelated factors.
Research limitations/implications – The main limitations of the study are that the research is cross-
sectional in nature and regional in focus. Namely, the data used to validate the structural model were gathered from
a small representative subset of the study population – i.e. Mexican public HEIs – and at a specific point in time.
Practical implications – The results reported here represent a reference framework for HEIs worldwide
that wish to continuously improve their processes through LSS improvement projects.
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Originality/value – This study proposes a statistically validated model using the SEM technique that
depicts the relationships among LSS CSFs in HEIs.

Keywords Higher education, Improvement projects, Lean six sigma, Structural equation modeling

Paper type Research paper

1. Introduction
Higher education institutions (HEIs) are organizations providing postsecondary or third-
level education. Over the years, higher education has played a key role in the social,
economic and political development of countries(Ah-Teck and Starr, 2013); however,
nowadays, HEIs face great challenges as a result of globalization, international
competitiveness, reforms and restrictions in government funds (Alshubiri, 2021). All of these
factors demonstrate that there is a latent need to improve the quality of services offered in
universities and colleges (Kolar et al., 2018).

HEIs have been continuously striving for higher quality under the constant pressure of
public scrutiny, tight budgets and cuts in private, state and federal funding
(Bandyopadhyay and Lichtman, 2007). Additionally, HEIs require innovative quality
systems to improve their fundamental administrative processes and services. In this sense,
lean six sigma (LSS) is a methodology for continuous quality improvement that aims to
eliminate waste and reduce variation in any type of process; LSS is necessary because
organizations and people need a methodology to improve and solve problems since the
processes do not improve by themselves. In fact, if they are not periodically improved,
processes deteriorate over time (Snee, 2010). As a management philosophy, LSS is suitable
for any organization, including HEIs, and offers a wide range of quality-related benefits
(Antony et al., 2018; Hess and Benjamin, 2015; Isa and Usmen, 2015; Oko and Kang, 2015)
and according to Cudney et al. (2020), the introduction and implementation of this strategy
may improve the quality of higher education and add value that continuously enhances the
customer (student) satisfaction.

HEIs around the world embark on LSS projects to increase the quality of their services
by reducing waste and costs, thus increasing market share and improving process
performance. The success of any LSS project is bound to a series of elements, commonly
referred to as critical success factors (CSFs). If the objectives of an LSS project are not
aligned with these factors, the project is most likely destined to fail (Rockart, 1979). The
CSFs for LSS implementation systematically highlight the key areas that should be carefully
considered by HEIs to attain the expected performance goals. By understanding these CSFs,
colleges and universities can successfully identify the issues that adversely affect their
processes to subsequently avoid or reduce the occurrence of any factors leading to such
issues (Alkarney and Albraithen, 2018). In addition, CSFs may address the challenges
associated with LSS implementation that Cudney et al. (2020) describe in their research.

The novelty of the present work is to propose a statistically validated model using the
SEM technique that depicts the theoretical relationships among LSS CSFs in HEIs, to
support these organizations in achieving the desired results in their processes by realizing
improvement projects within the LSS philosophy. Hair et al. (2014) stated that perhaps the
strongest type of theoretical inference a researcher can draw is a causal inference, which
involves the proposition that a dependence relationship is actually based on causation. A
causal inference involves a hypothesized cause-and-effect relationship. If we understand the
causal sequence between variables, then we can explain how a certain cause determines a
given effect. So, in this case, through our proposed causal model, top management (TM) can
better understand how these CSFs interact, and this knowledge can help the institution to
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obtain the desired results. Thus, if some organizations have failed to implement this
strategy (Antony et al., 2019), our results could provide these institutions with some insights
to restructure the implementation strategy they are following.

1.1 Research gap
Although multiple studies have successfully managed to model LSS implementation for
different purposes in higher education contexts (Sunder and Antony, 2018; Tetteh, 2018), a
statistically validated model that comprehensibly establishes the relationships among CSFs
for successful LSS implementation in HEIs has not yet been proposed. As such, in this
study, a set of theoretical relationships between the CSFs of LSS is first proposed after an
extensive literature review to define the hypotheses that are later statistically validated
through a structural model; this model numerically presents how CSFs interact in LSS
projects at HEIs, and how the correct approach to such CSFs can help universities and
colleges to reach their goals. Thus, taking the aforementioned as a reference, the
contribution of our study is to provide new insights on continuous improvement in HEIs by
providing a model that depicts the theoretical relationships between CSFs and the benefits
of LSS, which will undoubtedly represent relevant information for HEIs staff that are
interested in developing improvement projects under the LSS methodology. Thus, with the
intention of resolving this research gap, data were collected to test certain theoretical
relationships through a structural model addressing the following research questions:

RQ1. What are the causal relationships that arise between LSS CSFs in HEIs?

RQ2. What is the effect of CSFs on LSS benefits in HEIs?

2. Literature review and hypotheses
One of the first studies that proposed LSS implementation in HEIs was conducted by
Antony et al. (2012). The researchers critically evaluated whether LSS could be an
improvement methodology for HEIs. Then, two years later, Antony (2014) identified the
factors required for the successful introduction and development of an LSS initiative in the
higher education sector. LSS can be applied to facilitate process improvements in curriculum
delivery, commercial and auxiliary services, admissions and registration management and
research. While there are obstacles to the implementation of LSS, the resulting process
improvements and cultural changes (CCs) are worthwhile and notable (Hess and Benjamin,
2015). A study conducted by Sunder (2016) identified the key attributes of the higher
education system, which should be understood to instill excellence and quality. The study
also provided an idea of the possible application of LSS and the benefits that it can bring to
HEIs.

In previous research, a conceptual framework of LSS leadership was proposed, which
sets the grounds for testing LSS leadership representations in HEIs. The results suggested
that LSS leadership has advantages for HEIs to overcome current problems and challenges
(Lu et al., 2017). Additionally, Sunder and Mahalingam (2018) conducted an empirical
validation of LSS implementation in HEIs and highlighted the practical challenges and
benefits of LSS in educational environments. Antony et al. (2018) explored the fundamental
challenges and CSFs of an LSS initiative in a British university. Ultimately, the authors
found a clear lack of support and commitment from senior management to the sustainability
of LSS projects. In this regard, the authors argued that the university seemed to not
understand the benefits of LSS in the educational sector, nor was it familiar with LSS tools
that can help to solve effectiveness and efficiency problems in processes.
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Sunder and Antony (2018) discussed the implementation of LSS in higher education
services and suggested a conceptual framework for LSS implementation in HEI contexts
with six main stages: LSS readiness, establishing a need through leadership, developing a
strategy, educating with the right skill set, team formation, identifying and initiating the
LSS project and finally, reviewing and closure. Similarly, Haerizadeh and Sunder (2019)
demonstrated the ability of LSS to improve the educational system at a university in Iran,
improving student satisfaction levels and the overall grade by 10%; they also reduced wait
times for communication with students by 15% and increased tuition by 5%. Finally, Li
et al. (2019) introduced a case study in which LSS was implemented to improve the service
process in an HEI, finding that the service process contained a large component of human
behavior, which dramatically increases the unpredictability and complexity of the entire
service delivery and makes it difficult for improvement teams to identify the root cause of
the problem. The following paragraphs thoroughly discuss such CSFs and present our
research hypotheses.

According to Henderson and Evans (2000) and Laosirihongthong et al. (2006), TM must
demonstrate leadership and commitment as organizations and institutions embark on new
improvement projects. Moreover, TM involvement and commitment must be perceived
through actions such as organizational restructuring, promoting CC among employees and
financial support. Without a commitment from managers and top administrators, any LSS
project plan is a waste of energy and time (Antony et al., 2012). As researchers have pointed
out, improvement strategies under the LSS philosophy should not consist of isolated actions.
They must be linked with organizational strategies and priorities, which, in turn, must aim
at improving customer satisfaction and fulfilling financial and operational goals (Antony
et al., 2012; Cheng, 2013; Pande et al., 2000). Similarly, as Antony et al. (2012) claim, HEIs
leaders must establish a clear vision of the direction of the LSS projects. It is also essential to
ensure that each LSS project is properly aligned with the institution’s strategic goals to
finally recognize and reinforce successful improvements. Näslund (2013) and Sunder and
Antony (2018) also support the claim that improvement strategies and decisions are bound
to senior management commitment. García-Alcaraz et al. (2018) mentioned that managerial
commitment is required to design an implementation strategy. Similarly, Ali et al. (2020)
mentioned that TMs are those who can integrate LSS in their organizations and create
strategies to successfully implement this methodology. That is, a quality-driven
organizational culture and mindset for excellence must start from senior management and
cascade down the organization so that every level experiences them. Finally, in their study,
Laureani and Antony (2012), as key findings highlighted that TM and LI are two of the most
important factors for the effective implementation of LSS. Following this discussion, we
propose the first research hypothesis as follows:

H1. TM has a positive effect on Link LSS with institutional strategy (LI) for
implementing LSS in HEIs.

Successful CC is led by communication, motivation and quality education (Antony and
Banuelas, 2002; Harry and Schroeder, 2000). According to Antony et al. (2012), an
organizational culture evidences employee behavior and helps organizations identify the
strategies that can be managed to support organizational goals. Multiple HEIs, especially
community colleges and private universities, use the principles of continuous quality
improvement to guide their quality cultures (Holmes et al., 2015). In this sense, the
institution’s strategy should be to promote LSS as a culture of continuous improvement
since its advantage is in the synergy between promoting CC (that is, changing the way of
working by changing processes) and educating people in new ways of understanding
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processes and solving problems (Antony et al., 2012). Finally, while the institution’s strategy
of LSS implementation is not free of obstacles and challenges, it can serve as an agent of CC
for public and private institutions (Hess and Benjamin, 2015). From this perspective, our
second research hypothesis is as follows:

H2. LI has a positive effect on CC for implementing LSS in HEIs.

According to Pande et al. (2000), multifunctional project and management teams function as
a force that breaks down barriers between groups. Team members and teamwork (TW)
should be selected based on their skills, such as analytical thinking and knowledge transfer
(Delgado et al., 2010). Additionally, according to Antony (2014), the most talented employees
should be strategically assigned to projects that provide measurable and quantifiable
results. On the other hand, Antony et al. (2018) claimed that when embarking on
improvement projects, employees and all relevant staff need to be made explicitly aware of
not only the purpose of the initiative but also how will the initiative be beneficial and how it
will change daily work. In this sense, our third research hypothesis is as follows:

H3. LI has a positive effect on TW for implementing LSS in HEIs.

Link LSS with human resources (HR) helps organizations to promote the desired attitudes
among employees and attain the desired goals. If HEIs perceive the achievements of
improvement projects as both a performance measure and an opportunity for rewarding
employees, successful completion of such projects will follow (Henderson and Evans, 2000;
Jeyaraman and Teo, 2010). The power of LSS to create a culture of continuous improvement
lies in its ability to change the way work is done through changing processes, as well as in
educating people in new ways of understanding processes and solving problems (Antony
et al., 2018). As pointed out by Zu et al. (2010), by developing a group culture, organizations
can promote participation, trust and concern for human development as their fundamental
values. Finally, as Szeto and Tsang (2005) claimed, employee training allows organizations
to set new goals and prepares employees to think differently, try new things and participate
in new behaviors. The fourth hypothesis of this research is proposed as follows:

H4. CC has a positive effect on HR for implementing LSS in HEIs.

TW refers to the collaboration between all involved and the creation of multifunctional
teams to solve problems (Llor�ens-Montes and Molina, 2006). Chakrabarty and Tan (2007)
and Singh and Rathi (2019) stated that the use of LSS in organizations enhances TW among
all involved. They also stated that TW improves employee job satisfaction. Therefore, it is
of utmost importance for companies to use the skills of all employees and get people from
various departments to work as a team in any problem-solving initiative. Echoing Ahmed
and Idris (2020), it is important to highlight that staff must be recognized for their
contribution and must feel part of the organization. In addition, it is important to mention
that an organization is a system of highly interdependent parts; that is, TW is the main axis
in continuous improvement. Thus, our fifth hypothesis is as follows:

H5. TW has a positive effect on HR for implementing LSS in HEIs.

According to Antony et al. (2012), one of the most important requirements is to develop
human capital by providing education and training (ET) to employees. These employees
must be equipped with project management tools, a set of process improvement tools and
change management tools. On the other hand, Hanaysha (2015) indicated that teams in
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organizations are usually made up of employees who acquire the necessary skills to achieve
desired objectives. In this sense, all team members have the opportunity to teach each other
how to perform a particular task with skill and professionalism. TW allows people to help
each other, improve their individual skills and get positive feedback without any conflict. In
addition to this, Taghizadegan (2006) mentioned that it would be very difficult to achieve
improvement-based objectives without TW and adequate training of the entire organization.
Finally, according to Antony (2014), one of the main implications of the LSS is that
organizations must select and train the right people to execute projects at all levels
throughout the institution. In this sense, our sixth research hypothesis states as follows:

H6. TW has a positive effect on ET for implementing LSS in HEIs.

According to Boyd and Gessner (2013), employees must participate as coauthors in the
design phase of the measurement system. Employee participation at this stage will promote
goodwill and give workers greater authority and control, as well as a genuine interest in the
system. On the other hand, Jenicke et al. (2008) mentioned that when projects are developed
under quantitative and measurable objectives, the results can be used as indicators to
evaluate the success of the projects and their benefits. Finally, Hietschold et al. (2014)
claimed the relevance of human resource management by associating it with organizational
performance. Following this discussion, the seventh research hypothesis states as follows:

H7. HR has a positive effect on Clear Performance Metrics (CM) for implementing LSS
in HEIs.

Employee ET are pillars of human capital development in organizations (Antony et al.,
2012). Likewise, establishing goals that are measurable and quantifiable makes it easier for
HEIs to both assess the magnitude of improvements and offer rewards to their employees
(Jenicke et al., 2008). From a similar perspective, Sunder (2014) highlighted that having an
information system creates a culture of measurement and helps to understand future areas
in which to collect data and select problems for continuous improvement. Finally, Bhat et al.
(2020) stated that data-based validation and solid inferences require reliable data, which is a
problem faced by some organizations. In addition, they mention that the problem can be
overcome by training all team members on the data collection and validation methodology
before the beginning of each phase of the improvement methodology. This approach, along
with the brainstorming method, helps the team to customize their data collection plan
according to the requirements of each organization. In this sense, our eighth research
hypothesis can be stated as follows:

H8. ET has a positive effect on CM for implementing LSS in HEIs.

The benefits of LSS (B) are an important factor since they are associated with a positive
action or outcome that favors people and organizations. The benefits of LSS implementation
revolve around quality and productivity. These could be academic benefits (Gupta et al.,
2020), organizational benefits and customer benefits (Haerizadeh and Sunder, 2019). In
educational contexts, research has found that long-term strategic objectives reflect the
ability of a HEI to promote itself, maintain sufficient financial resources, recruit and retain
high performing students and maintain a professionally qualified faculty staff (Jenicke et al.,
2008), which ultimately are all performance metrics. For Antony (2014), LSS performance
metrics are set to demonstrate to stakeholders the results and benefits from using their
resources. Similarly, Yadav and Desai (2017) mention that proper data collection and
analysis assure quality. Following this discussion on the importance of effective
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communication among HEI departments and LSS project monitoring, our ninth research
hypothesis is therefore formulated:

H9. CM has a positive effect on B for implementing LSS in HEIs.

Figure 1 illustrates our conceptual model, which shows the hypothetical structural
relationships among the CSFs for LSS implementation and the LSS benefits in HEIs. In the
following sections, this model will be statistically validated.

3. Methodology
This section describes the stages followed to achieve the research goal. In Figure 2, we
present a flow chart that summarizes the steps of the methodology used in the present
study, which was adopted by Hair et al. (2014).

3.1 Ethics statement
We designed the survey instrument on an electronic platform and allowed the participants
to remain anonymous. The first page of the survey requested participants’ consent for their
participation, specifying that all responses would be voluntary and remain anonymous. The
research conforms to the provisions of the Declaration of Helsinki (World Medical
Association, 2021), and all ethical guidelines were followed as required for conducting
human research, including adherence to the legal requirements of Mexico. This procedure
was approved by the Head of the Faculty of Engineering, Architecture and Design of the
Autonomous University of Baja California (UABC, by its Spanish acronym).

3.2 Survey development
As a research instrument, our questionnaire allows collecting the necessary information
to test and validate the LSS implementation model. Questionnaires aim at measuring
constructs, which are unobservable or latent concepts that can be defined in conceptual
terms but cannot be directly measured. Similarly, Ben Ruben et al. (2020) mentioned that to
obtain the inputs for each latent variable, some indicators have to be converted into the form
of a questionnaire to ensure that each indicator is assigned with a quantifiable input. The
constructs measured in our questionnaire corresponded to the CSFs for LSS implementation
identified after a literature review and discussed in the previous section. Each CSF was
operationalized through a series of five-point Likert items, taking into account multiple
references (Antony, 2014; Cudney et al., 2014; Desai et al., 2012; Habidin and Yusof, 2013;
Hess and Benjamin, 2015; Ho et al., 2008; Holmes et al., 2015; Isa and Usmen, 2015;
Jeyaraman and Teo, 2010; Laosirihongthong et al., 2006; Lu et al., 2017; Oko and Kang, 2015;
Ray et al., 2012; Sunder, 2016; Yi-zhong et al., 2008). The Likert scale can be found in the vast
majority of previous factor studies, probably due to its inherent nature of measuring attitude
values. The survey’s five-point Likert scale format is as follows: never (1), rarely (2),

Figure 1.
Theoretical model
representing the

structural
relationships among

LSS CSFs and
benefits in HEIs
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sometimes (3), frequently (4) and always (5). The items corresponding to the TM factor are
shown below as an example.

TM of the Academic Unit:
� TM1: Supports and actively participates in quality improvement activities (training,

project selection, review and evaluation of phase results).
� TM2: Has built an environment for learning, innovation and decision-making power.
� TM3: Assumes responsibility for the operation of the project
� TM4: Participates in the selection of team members based on the competencies of

the staff.
� TM5: Encourages the participation of staff at all levels in the implementation of

improvement projects
� TM6: Provides adequate budget and resources for the improvement project.

The final version of the instrument comprises five sections. The first three sections,
respectively, introduce the survey, request sociodemographic data of the HEIs and provide a
summary on quality improvement tools. Next, the fourth section requests information on the
CSFs for LSS implementation. Finally, the fifth section aims to collect data regarding the

Figure 2.
Flow chart
representing the steps
of the methodology
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benefits from LSS projects. This survey was validated in the study of Maciel-Monteon et al.
(2020), where the operationalization of the constructs was carried out first, followed by some
tests to later apply the survey and build the database. Finally, construct validation was
carried out through discriminant, convergent and nomological validation. In doing so, it was
ensured that each item really represents the theoretical latent variable it is designed to
measure.

3.3 Sampling
We administered the questionnaire in Mexican public HEIs. According to the Secretariat of
Public Education (SEP, by its Spanish acronym), public universities and colleges in Mexico
account for more than 70% of total domestic enrollment in higher education (SEP, 2018). In
Mexico, there are just over 600 public HEIs, with around 1,800 academic units. As the
population is finite and known, the procedure to be followed was derived from Spiegel and
Stephens (2009); hence, using a confidence level of 95% and an estimation error («) equal to
0.05, it was necessary to survey 317 academic units as a representative sample of the target
population. Based on simple random sampling, we collected more than 700 responses from
just over 400 different academic units, and thus the suggested sample size was met, with a
response rate of approximately 24%. Quality system coordinators and academic staff
experienced in conducting improvement projects were the target personnel surveying after
ensuring that they received training to execute and monitor the improvement projects.
Initially, the questionnaire was sent to HEIs in the northwest of Mexico to carry out a pilot
test. These responses were used to make some modifications to the questionnaire. After this,
the survey was sent electronically to the rest of the country. In addition, to increase the
response rate, it was necessary to contact some HEIs by telephone and visit some directly.

3.4 Data capture and screening
According to Hair et al. (2014 and Kline (2016), ensuring that the collected data are clean
before conducting further statistical analyses guarantees that such information is reliable
and valid for testing causality. Data screening usually involves conducting a series of tests
to check for outliers, univariate normality, multivariate normality and multicollinearity. We
used the Mahalanobis distance (p< 0.001) to find outliers in our data (Kline, 2016), removing
203 surveys as a result.

To check for univariate normality, we computed kurtosis and skewness indices. For
normality, kurtosis values within a range of 6 3 are required (Decarlo, 1997), while
skewness values within a range of6 2 are also needed (Curran et al., 1996). This assumption
was fulfilled since our results revealed kurtosis values between �0.60 and 1.18 and
skewness values between �1.20 and �0.29. On the other hand, we checked for multivariate
normality by computing Mardia’s coefficient of kurtosis (Mardia, 1970, 1974) on SPSS
Amos, which according to Khine (2013), values lower than p (pþ 2), where p stands for the
number of observable variables in the model are evidence of multivariate normality of data.
Once more, this assumption was not violated since results revealed a multivariate kurtosis
of 252.2, much lower than p (pþ 2) = 2,499. Finally, multicollinearity was also tested by
computing both the correlation and the variance inflation factors (VIF) indices. Usually, a
correlation coefficient lower than 0.85 (Khine, 2013) and VIF values lower than 10 are
accurate indicators of the absence of multicollinearity problems (Kline, 2016). Again, this
assumption was not violated since the maximum VIF and correlation index values were 6.25
and 0.81, respectively.

Furthermore, in the present study, we performed a test to verify the multigroup
invariance. This analysis was carried out in two stages – in the measurement model and the
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structural model. The first step was to divide the database into two groups, the first half
made up of the first responders to the survey and the second half containing the late
responders. The confirmatory factor analysis (CFA) was performed with the two groups,
and the findings were consistent. All factor loadings were similar and significant (p < 0.01),
which suggests that the model presented good configurational invariance. Then, the x2
statistic and comparative fit index (CFI) were verified; thus, the x2 value was statistically
significant in both groups, and the difference between the CFI indices was 0.0058, which
meets the criteria mentioned by Byrne (2016). According to Byrne (2016), once the
equivalence of the measurement model has been established, the next step is to test the
invariance related to the structural model. The same comparisons were also performed via
SEMmodels with satisfactory results.

3.5 Exploratory factor analysis
To determine the feasibility of exploratory factor analysis, we calculated the Kaiser–Meyer–
Olkin (KMO) index and performed Bartlett’s Test of Sphericity (BTS) to the complete data
matrix. According to Kaiser and Rice (1974), KMO values higher than 0.9 and BTS
statistically significant are reliable indicators of the feasibility to conduct factor analysis. In
this research, the KMO value was 0.982 and BTS was significant (p < 0.01). Finally, the
factor analysis consolidated eight constructs with eigenvalues greater than 1 using 49
variables with significant factors loadings.

3.6 Confirmatory factor analysis
We relied on CFA to provide a confirmatory test of our measurement theory. A
measurement theory specifies how measured variables logically and systematically
represent constructs involved in a theoretical model. A successfully validated model shows
both acceptable levels of goodness of fit (GOF) and satisfactory evidence of construct
validity. The values of any GOF are the result of a mathematical comparison between the
estimated covariance matrix (theory) and the observed covariance matrix (reality). The
closer the values of these two matrices are, the better the model is said to fit (Hair et al.,
2014). According to Hair et al. (2014) and Kline (2016), using three to four GOF indices
provides adequate evidence of model fit. It is necessary to report at least one incremental
index and one absolute index in addition to the x2 statistic. The most common GOF indices
include x2 statistics, the root mean square error of approximation (RMSEA) and the CFI or
the Tucker–Lewis index (TLI). All these metrics were computed using SPSS Amos 23. It is
important to highlight that, in our proposed model, all the latent constructs are predicted to
be reflective. That is, the direction of causality goes from the latent construct to a measured
variable (items).

3.6.1 Construct validity. Construct validity measures the degree to which a set of
measured variables actually represent the latent theoretical construct that they are designed
to measure. It is determined by both convergent and discriminant validity (Hair et al., 2014).
On the one hand, convergent validity measures the degree to which the different items
measure the same concept (Khan and Naeem, 2018), and it is estimated through average
variance extracted (AVE), with 0.5 as the minimum threshold (Hair et al., 2014). On the other
hand, discriminant validity measures whether one construct is different from another
(Kharub and Sharma, 2018). To this end, as Fornell and Larcker (1981) propose, we compare
the square root of the AVE values and the corresponding correlation between any pair of
latent constructs.
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3.7 Model evaluation and hypothesis testing
As a statistical technique, SEM adopts a CFA approach to analyze both the structural
relationships between two latent variables (Byrne, 2016) and relationships among multiple
variables (Khan and Naeem, 2018). The theoretical SEM model depicted in Figure 1 was
tested on SPSS Amos 23.

4. Results
With regard to the demographic data from the surveyed population (Table 1), some relevant
aspects can be observed, such as the percentages regarding the position, length of service
and gender of the respondents. It is important to mention that 100% of the respondents
stated that they had participated in improvement projects within their HEIs. In addition, the
respondents stated that they had knowledge of improvement methodologies, such as LSS
and ISO 9001. Regarding the position held by the surveyed personnel, the HEI personnel
with the highest participation level were the chiefs or coordinators and professors of the
different academic units. It is worth mentioning that the “others” category contains
responses from different profiles, such as deputy directors, administrative assistants and
library managers.

Table 1.
Demographic details

%

Position held within the academic unit
Administrator 6
Quality system coordinator 17
Executive 12
Chief or coordinator 33
Professor 20
Other 12

Length of service
Less than 2 years 30
2 to 5 years 30
From 5 to 10 years 22
Higher than 10 years 18

Gender of the respondent
Male 56
Female 44

Source:Authors’ own creation

Table 2.
Goodness of fit

estimates

GOF indices Recommended values Measurement model
Research model
and hypotheses

x2/df 3 or less (Bollen, 1989) 2.49 2.88
CFI Greater than 0.90 (Hair et al., 2014;

Schumacker and Lomax, 2016) 0.9522 0.9393
TLI Greater than 0.90 (Hair et al., 2014;

Schumacker and Lomax, 2016) 0.9478 0.9352
RMSEA Less than 0.08 (Browne and Cudeck, 1993) 0.0517 0.0582

Source:Authors’ own creation
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4.1 Data validation
Table 2 lists the GOF indices estimated for the model. As previously mentioned, these indices
are the most frequently reported in the literature, and all of them showed acceptable values.

As in Hair et al. (2014), we considered items with factor loadings higher than 0.5, but
preferably equal to 0.7, as significant for construct validity. In this sense, all items had a
factor loading higher than the threshold, with B1 being the item with the lowest factor
loading (0.6448). Regarding AVE values, Table 3 shows that all constructs had an
acceptable value (higher than 0.5). Hence, we concluded that all of the constructs from the
theoretical model have enough convergent validity. Regarding internal consistency, the
value of Cronbach’s alpha index was greater than 0.7 – the cutoff recommended by George
and Mallery (2016) – in all of the constructs. This demonstrated that our survey instrument
had internal consistency. Additionally, the results listed in Table 3 also demonstrate that the
latent variables had discriminant validity because the AVE values were greater than
the squared correlation between factors indicating that the constructs are independent of
one another. To ensure discriminant validity among constructs, some itemswere removed.

4.2 Assessing the structural model
According to Hair et al. (2014) and Kline (2016), to evaluate a structural model fit, the most
important indices are the x2 statistic, the CFI or TLI and the RMSEA since they will
generally provide enough and unique information to this end. These indices are presented in
Table 2 and suggest the model provides a good overall fit. Table 4 lists the results of the
SEM analysis, showing standardized regression weights, standard error, the critical ratio
(CR) and the significance value (p). As regard CR, Kline (2016) recommend absolute values
higher than 1.96, whereas our results exhibit values ranging from 3.66 to 23.68, thus
indicating that the structural parameter estimates were highly significant for the nine
research hypotheses.

Path analysis procedures provide estimates for each relationship (arrow) in a structural
model; the estimates can be used as regression coefficients to estimate the values of any
construct in the model. The sizes of these coefficients indicate the size of the impact that
each factor has on another, and this is in accordance with the hypotheses under verification.
In addition, when statistical inference tests are applied, the researcher can assess the
probability that the estimates are significant (not equal to zero). According to our estimates,
the structural model depicted in Figure 3 exhibited acceptable model fit, and the path
estimates for the nine hypotheses were significant in the predicted direction.

Table 4.
Structural model
analysis results

Hypotheses S.R.W. S.E. C.R. P Results

H1 TM ! LI 0.8491 0.0494 18.2747 *** Supported
H2 LI ! CC 0.7626 0.0366 14.6982 *** Supported
H3 LI ! TW 0.9146 0.0363 23.6855 *** Supported
H4 CC ! HR 0.1585 0.0626 3.6649 *** Supported
H5 TW ! HR 0.7747 0.0560 15.0071 *** Supported
H6 TW ! ET 0.8583 0.0425 22.4062 *** Supported
H7 HR ! CM 0.5835 0.0514 10.9708 *** Supported
H8 ET ! CM 0.3753 0.0466 7.6228 *** Supported
H9 CM ! B 0.8188 0.0422 17.7189 *** Supported

Note: ***Significant at 0.001 level
Source:Authors’ own creation
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The structural equation model aims to explain how LSS CSFs are interrelated and how LSS
has an impact on the performance of improvement projects conducted by public HEIs in
Mexico.

5. Discussion
5.1 Theoretical contribution
Sunder and Antony (2018) proposed a model for implementing LSS in HEIs, collecting
several CSFs and relating them to benefits gained; however, after a literature review, we
propose new factors, such as CC, HR and CM, which are very important to this study,
contributing to previous knowledge. So, our study makes an essential contribution to the
theory of continuous improvement by analyzing LSS application to HEIs and proposing
causal relationships between current reported and news CSFs identified and benefits
obtained. These relationships are validated by a structural equation model that proposes the
implementation process be begun only after the TM is sufficiently confident that adopting
this strategy will benefit the institution. Further, six additional CSFs and their respective
relationships are analyzed as mediating factors between TM and the benefits.

Our findings support the structuralist theory since it is demonstrated that everyone
within the HEIs has a specific and indispensable role in achieving organizational objectives.
Managers must seek a balance between these and all goals of their subordinates. However,
our findings also support systems theory since HEIs are open systems that react to their
context as the students’ and teachers’ curricular needs due to skills requirements, changes in
educational policy and technological advances in the teaching system.

Furthermore, although this is mostly a methodological contribution, it is important to
highlight that prior to this study, no model of LSS CSFs in HEIs using SEM had been
reported. This research represents a step forward in the knowledge of the application of LSS
in HEIs, since it uses already reported CSFs and identifies new ones, and relates them to the
benefits obtained, which is one of the best contributions. The quantification of these
relationships between the CSFs and the benefits obtained will allow managers to identify
which activities are the most important to achieve specific benefits, which will help them to
focus their resources according to their own needs, make better decisions and make better
use of their resources.

5.2 Interpretation and discussion of the result
Having successfully validated the constructs and their relationship in the model in the
context of HEIs, we proceed to interpret our findings as follows. First, we found that TM
involvement and commitment have a positive direct effect on Link LSS with institutional
strategy (LI) (0.84) and an indirect effect on the rest of the constructs. Such results are

Figure 3.
Standardized path
coefficients for LSS
CSFs in HEIs –
structural model
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consistent with the theory claiming that management commitment is the driving force and
the greatest enabler of quality improvement in HEIs, as mentioned by the Malcolm Baldrige
National Quality Award, the European Quality Award and the Deming Prize (Djordjevic
et al., 2018; Suresh et al., 2012). Active management leadership defines the goals of an
improvement strategy, ensures such goals are properly aligned with the institutional
strategy and defines LSS project groupmembers.

Likewise, LI has a positive direct effect on both Team members and TW and CC. First,
the strong relationship between LI and TW (0.91) can be explained by the fact that senior
management in HEIs consolidates multidisciplinary improvement project teams (Antony,
2014) only after making sure that the goals of an improvement project are clearly aligned
with the institution’s organizational strategy (Antony, 2014). The effect of LI on CC is
slightly less strong (0.76), and it is then followed by the effect of CC on Link LSS with HR
(0.15). Likewise, TW presented a significant effect on both HR (0.77) and ET (0.85). Such
results are consistent with the claims in Antony and Banuelas (2002), Dubey et al. (2016),
Kwak and Anbari (2006), Sunder and Antony (2018) and Szeto and Tsang (2005) that TM
sets the goals and vision of an improvement project, defines the strategies necessary to
attain such goals and clearly communicates such information to all staff members. In a
recent study, Sunder and Antony (2020) coincide with the aforementioned its authors
emphasize the importance of leadership for the sustainability of LSS and that the senior
management of HEIs must ensure that the LSS is an improvement strategy that continues to
be part of the university strategy.

Besides, according to our model, HR has a direct effect on CM (0.58); this result is
consistent with Boyd and Gessner (2013) since they mention that employee participation is
important for the measurement system and even according to Singh and Rathi (2019), some
metrics to be developed are related to HR metrics since they add value by clarifying various
information required to make solid decisions about talent. On the other hand, a significant
direct effect of ET on CM (0.37) was also verified; this is similar to that mentioned by Bhat
et al. (2020) that all members of the improvement team must receive training in data
collection and validation and certainly, solid training in the definition of correct and clear
metrics must be paramount to monitor more precisely how effective the activities and tools
applied are being to reach the objectives during the execution of any improvement project.

Metrics and data analysis are essential to the success of LSS since without precise
information, any decision-making process relies merely on subjective opinions and
intuitions. Moreover, in the context of LSS benefits, data analysis and metrics help to
understand whether progress is being made and to what extent, thus allowing organizations
to plan accurately and make changes when necessary to attain planned goals under the
cycle of continuous improvement. Our structural model exhibits the importance of metrics
and data analysis for HEIs, since the highly significant effect of CM on LSS benefits (B)
(0.81). Such findings support the research of Sunder and Antony (2018), in which the authors
claimed that it is important for organizations to rely on different types of metrics to define
success andmeasure progress.

All of the CSFs integrated in the structural model contribute, either directly or indirectly,
to obtaining the expected benefits of LSS projects. Overall, our findings indicate that LSS
benefits for HEIs can be divided into academic benefits, organizational benefits and
customer benefits. Academic benefits comprise increased student academic performance
and better exam results. In their research, Gupta et al. (2020) mentioned similar results
regarding academic benefits and demonstrated that the LSS methodology can be a viable
approach to reduce school dropout in HEIs. On the other hand, organizational benefits refer
to financial benefits, infrastructure and equipment improvement, increased TW and data-
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driven decision-making. Benefits for internal customers, such as HEI staff, include increased
satisfaction at work, better quality of services and processes, quality certifications across
academic programs and better positioning. This coincides with what was reported by
Haerizadeh and Sunder (2019), who managed to obtain benefits such as increasing student
satisfaction and reduced waiting times, which confirms the applicability of LSS in HEIs. In
turn, such benefits have a positive impact on external customers such as parents, employers
and society in general.

The structural equation model proposed in this research quantifies the causal
relationships among the CSFs for LSS implementation in Mexican public HEIs and explains
how such CSFs have an impact on the benefits obtained from LSS improvement projects.
Characterizing and understanding the relationships among CSFs for LSS allows Mexican
public HEIs to focus their efforts and resources on those factors that are more beneficial.
Until now, a statistically-validated model that comprehensibly establishes the relationships
among CSFs for successful LSS implementation in HEIs had not yet been proposed.

6. Conclusion
Studies about LSS in HEIs have been growing in the past decade; in the area of academic
research, a foreseeable future would include an increase in the cases of applications of this
methodology to HEIs, since it has been repeatedly demonstrated that it is feasible and that
with it, it is possible to obtain diverse benefits for all stakeholders involved in such
improvement projects carried out following the LSS guidelines. The present study could be
of help to increase the chances of a successful implementation of LSS in HEIs. The main goal
of this research was to identify and statistically validate the relationships among CSFs for
LSS implementation and the impact of such factors on the benefits of LSS projects. After an
extensive review of the literature and following the validation and testing of the model, we
found an overall significant positive relationship between CFSs for LSS and LSS benefits.
Our results support the conclusion that any improvement initiative begins with proper TM
involvement and commitment and is followed by a series of LSS implementation facilitators,
of which link LSS with institutional strategy (LI) stands out. In turn, after HEIs align the
goals of an improvement project with their organizational goals, mediating factors such as
cultural CC and team members and TW function as a link between link LSS with HR and
ET, which is ultimately monitored and reviewed through clear performance metrics.
Additionally, we found that the main benefits of LSS in HEIs revolve around educational
processes and student performance.

To propose the structural model, we first conducted an extensive literature review to
define the CSFs for LSS in higher education. Then, we developed a survey instrument to
collect information on LSS implementation and benefits in Mexican public HEIs. The
statistical validation of the survey was conducted by gathering data from public universities
in Mexico. Then, we proposed the LSS structural equation model based on the reviewed
literature and validated it with the collected data. Ultimately, our findings on the structural
model support the theoretical model. Therefore, our structural model is an important
contribution not only to the literature on LSS implementation in the education sector but
also to the literature on cost savings and quality improvement. The SEM technique was
used to validate this model, that is, to statistically test the proposed hypotheses that
represent the relationships of LSS CFSs in HEIs, which according to our literature review,
had not been done previously. This model is intended to serve as a support for decision-
makers in these organizations to make better use of available resources for the continuous
improvement of various processes by identifying in advance possible obstacles to the
implementation of LSS during the planning and execution of improvement projects and also
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to serve as a reference for the construction of future continuous improvement policies
seeking quality and excellence. Additionally, our findings represent a reference framework
for HEIs that are interested in developing improvement projects under the LSSmethodology
to gain a better competitive advantage and better social positioning. Quality in HEIs is
thoroughly scrutinized since universities and colleges are committed to the professional,
social and humanistic development of their students, who, to some extent, have the
responsibility to contribute to better living conditions and welfare in their communities. In
fact, this is an urgent world need, especially in developing countries.

7. Limitations and future research
This study is subject to some major limitations, which may suggest future research. First,
the study is cross-sectional in nature and regional in focus. Namely, the data used to validate
the structural model were gathered from a small representative subset of the study
population – i.e. Mexican public HEIs – and at a specific point in time. Hence, as suggestions
for future work, it would be suitable to conduct a longitudinal study of the same
phenomenon (LSS implementation and benefits in HEIs) to compare the behavior of the
relationships between LSS CSFs over time. Second, to change the regional focus, we suggest
replicating the study in other geographical contexts and among private HEIs to determine
whether cultural factors and context-related factors influence the model results. Finally, it
could be interesting to incorporate some new factors and hypothetical relationships into the
structural model according to the knowledge or experience of the researchers.
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