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Abstract:

Purpose: This study aims to examine the drivers of student satisfaction in higher education by distinguishing between
factors sufficient to influence satisfaction and those necessary for satisfaction to occur.
Design/methodology/approach: Survey data were collected from 394 undergraduate and graduate business students
at a Canadian university. The study employs Partial Least Squares Structural Equation Modelling (PLS-SEM) to
assess sufficiency relationships and Necessary Condition Analysis (NCA) to identify essential conditions for student
satisfaction.

Findings: The results show that educational support services are the only significant predictor of student satisfaction
and also constitute a necessary condition. In contrast, technology, infrastructure and social orientation do not exhibit
significant effects and are not necessary conditions. The NCA results further reveal that minimum support service
thresholds must be met to achieve higher levels of satisfaction.

Practical implications: The findings highlight the importance of prioritizing educational support services as a critical
foundation for student satisfaction. Institutions should focus on achieving minimum service thresholds rather than
uniformly increasing all service dimensions.

Originality/value: This study contributes to the literature by integrating sufficiency and necessity perspectives and
demonstrating that key drivers of satisfaction are not always equivalent to essential conditions, thereby offering a more
nuanced understanding of the formation of satisfaction in higher education.

Keywords: Student satisfaction; PLS-SEM; Necessary Condition Analysis.

I. Introduction

Student satisfaction has become a central performance indicator in higher education, reflecting not only the
perceived quality of educational services but also influencing student retention, institutional reputation, and long-
term sustainability (Arambewela & Hall, 2009; Buttle, 1996a). As universities increasingly operate in competitive
and market-oriented environments, understanding the drivers of student satisfaction has attracted substantial
scholarly attention. Prior research has identified multiple determinants, including teaching quality, support services,
infrastructure, and social integration (Ackerman & Schibrowsky, 2007; Buttle, 1996a; Haverila et al., 2021).
However, much of this research relies on linear, sufficiency-based approaches that assume that improvements in
service attributes proportionally increase satisfaction.

From a theoretical perspective, student satisfaction research is grounded in expectation—confirmation
theory (Oliver, 1977) and service quality frameworks such as SERVQUAL (Buttle, 1996a), which conceptualize
satisfaction as a function of perceived service performance relative to expectations. In addition, the resource-based
view (RBV) suggests that institutional resources—such as technological infrastructure and support services—can
create value for students when effectively deployed. While these perspectives have advanced understanding of
satisfaction formation, they largely emphasize sufficiency logic, overlooking the possibility that certain factors may
act as necessary conditions that must be present before satisfaction can occur.

This study addresses this limitation by integrating Partial Least Squares Structural Equation Modelling
(PLS-SEM) with Necessary Condition Analysis (NCA) to examine the drivers of student satisfaction in higher
education. While PLS-SEM identifies statistically significant relationships (i.e., sufficient conditions), NCA
introduces a complementary necessity logic that assesses whether specific factors are indispensable for achieving
desired levels of satisfaction (Dul, 2016; Richter et al., 2020). Despite growing recognition of NCA in management
and marketing research, its application in higher education service contexts remains limited.

Accordingly, the purpose of this study is to identify both the sufficient and necessary drivers of student
satisfaction. Specifically, the study focuses on three key service dimensions: technology and infrastructure,
educational support services, and social orientation, and examines their effects on overall student satisfaction. The
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study pursues three main objectives: (1) to assess the impact of these service dimensions on student satisfaction
using PLS-SEM; (2) to determine whether these dimensions constitute necessary conditions using NCA; and (3) to
compare the insights generated by sufficiency and necessity logics.

The study contributes to the literature by addressing a critical research gap. While prior studies have
identified key predictors of student satisfaction, they have largely neglected the distinction between constructs that
are merely influential and those that are essential. This distinction is particularly important in educational service
settings, where the absence of certain “must-have” elements may undermine satisfaction despite improvements in
other areas. By combining PLS-SEM and NCA, this research provides a more nuanced understanding of satisfaction
formation, extending recent methodological advancements in marketing and service research (Hair et al., 2022;
Sukhov et al., 2021).

The importance of this research is both theoretical and practical. Theoretically, it advances satisfaction
research by integrating sufficiency and necessity perspectives, offering a more comprehensive analytical framework.
In practice, it provides actionable insights for higher education managers by identifying which service elements
serve as critical thresholds for achieving student satisfaction, thereby supporting more effective resource allocation
and service design.

The remainder of the paper is structured as follows. The next section reviews the relevant literature and
develops the research hypotheses. This is followed by a description of the methodology, including data collection
and analytical procedures. The results of the PLS-SEM and NCA analyses are then presented, followed by a
discussion of the findings. The paper concludes with theoretical and managerial implications, limitations, and
directions for future research.

Il.  Literature review
Educational services

Educational services refer to the overall bundle of academic and non-academic offerings provided by
higher education institutions to facilitate student learning and development. These services encompass teaching
quality, institutional support, infrastructure, and the broader learning environment that shapes student experiences
(Aldridge & Rowley, 1998; Arambewela & Hall, 2009; Haverila et al., 2021). Within the service marketing domain,
higher education is widely conceptualized as a complex, high-contact service system in which value is co-created
through interactions between students and institutions (Grénroos, 2017).

Drawing on SERVQUAL (Buttle, 1996) and expectation—confirmation theory (Oliver, 1977), educational
services influence satisfaction through the alignment between expected and perceived service performance. More
recent perspectives also emphasize the role of service ecosystems and the student-as-customer logic (Goyzueta
Mejia et al., 2025), in which multiple touchpoints—including academic delivery, administrative processes, and
social integration—jointly determine perceived value (Plewa et al., 2016; Vargo & Lusch, 2016). However, prior
research has largely examined these elements in isolation, often overlooking how service components interact and
whether certain dimensions are indispensable for achieving satisfaction.

To address this complexity, the present study focuses on three key dimensions of educational services—
technology and infrastructure, educational support services, and social orientation—which are frequently identified
as critical determinants of student experiences (Arambewela & Hall, 2009; Elsharnouby et al., 2021).

Technology and infrastructure

Technology and infrastructure refer to the physical and digital resources that support teaching, learning, and
student engagement, including access to learning technologies, computer labs, teaching aids, and modern facilities.
These elements represent the tangible aspects of service delivery and are often considered foundational to
educational quality (Arambewela & Hall, 2009).

From a theoretical standpoint, this construct aligns with the resource-based view (RBV) (Kraaijenbrink et
al., 2010), which posits that institutional resources can create value by enhancing user experiences and supporting
learning outcomes. In addition, technology acceptance models (TAM) highlight the importance of perceived
usefulness and ease of use in shaping students’ attitudes toward educational technologies (Davis, 1989; Scherer et
al., 2019).

Empirical studies have consistently found that well-developed technological infrastructure positively
influences student satisfaction, particularly in digitally mediated learning environments (Al-Fraihat et al., 2020;
Limbu & Pham, 2023). However, recent research also suggests that the marginal impact of technology may diminish
once a basic threshold is met, implying that technology may function more as a hygiene factor than a primary driver
of satisfaction (DeShields et al., 2005; Herzberg, 2015; Pham et al., 2019). This raises important questions regarding
whether technology and infrastructure are sufficient or necessary conditions for student satisfaction.
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Educational support services

Educational support services refer to the administrative and academic assistance provided to students,
including course registration, academic advising, career services, library access, and institutional procedures. These
services help students navigate the educational system and achieve their academic goals (Hill, 1995).

Within service quality theory, support services are often categorized as functional quality elements that shape
the overall service experience through responsiveness, reliability, and accessibility (Parasuraman et al., 1988).
Furthermore, from a student engagement perspective, effective support services enhance students’ sense of
competence and institutional support, which are critical antecedents of satisfaction and persistence (Kahu & Nelson,
2018).

Recent studies highlight that educational support services are among the strongest predictors of student
satisfaction, particularly in diverse and international student populations (Casidy, 2014; Hanssen & Solvoll, 2015).
These services reduce uncertainty, improve perceived value, and strengthen institutional trust. Importantly, emerging
evidence suggests that deficiencies in support services cannot easily be compensated for by improvements in other
areas, indicating that they may function as necessary conditions for satisfaction (Momen et al., 2023; Reed &
Watmough, 2015).

Social orientation

Social orientation refers to the institutional mechanisms that facilitate students’ social integration, including
counselling services, social activities, and orientation programs. This construct captures the extent to which students
feel connected, supported, and integrated within the academic community (Arambewela & Hall, 2009).

Theoretical foundations for this construct can be found in social integration theory (Heyting et al., 2002)
and student retention models, which emphasize that students’ academic success and satisfaction are influenced by
their ability to integrate socially and emotionally into the institutional environment (Tinto, 1993). In addition,
relationship marketing theory highlights the importance of building long-term relational bonds between institutions
and students (Hennig-Thurau et al., 2001).

Empirical research presents mixed findings regarding the impact of social orientation on student
satisfaction. While some studies report a positive relationship (Schlesinger et al., 2017; Thomas, 2012), others
suggest that its influence may be indirect or context-dependent, particularly when academic and support-related
factors dominate the service experience (Elsharnouby et al., 2021). This inconsistency suggests that social
orientation may not always be a primary driver of satisfaction, but its role as a potential necessary condition remains
underexplored.

Student satisfaction

Student satisfaction is defined as the overall evaluation of the educational experience based on the
comparison between expectations and perceived performance (Oliver, 1977). It represents a key outcome variable in
higher education research, reflecting students’ cognitive and affective responses to institutional services (Elliott &
Healy, 2001).

Grounded in expectation—confirmation theory and customer satisfaction models, student satisfaction is
influenced by multiple service dimensions and is associated with important outcomes such as retention, loyalty, and
positive word-of-mouth (Alves & Raposo, 2007; Buttle, 1996). More recent studies also conceptualize satisfaction
within value co-creation frameworks, emphasizing students' active role in shaping their own experiences (Vargo &
Lusch, 2016).

Despite extensive research, most studies adopt a linear, sufficiency-based perspective, focusing on the
relative importance of predictors. This approach assumes that increasing service quality dimensions will
proportionally increase satisfaction. However, such models may overlook the possibility that certain factors must
reach minimum threshold levels before satisfaction can occur. Addressing this limitation requires integrating
necessity logic, as operationalized through Necessary Condition Analysis (Dul, 2016; Richter et al., 2020).
Hypotheses Development

Building on theoretical foundations and prior empirical findings, this study proposes relationships between
key dimensions of educational services and student satisfaction. Drawing on expectation—confirmation theory
(Oliver, 1977) and SERVQUAL (Buttle, 1996), student satisfaction is influenced by the perceived performance of
institutional services relative to expectations. In addition, the resource-based view (RBV) suggests that institutional
resources—such as technological infrastructure and support services—create value when they enhance student
experiences.

Technology and infrastructure — Student satisfaction
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Technology and infrastructure provide the foundational environment for teaching and learning. Research
suggests that access to modern facilities and learning technologies enhances perceived service quality and supports
academic performance (Al-Fraihat et al., 2020; Limbu & Pham, 2023). From an RBV perspective, these resources
represent value-creating assets that improve service delivery. Therefore, higher levels of technological and
infrastructural support are expected to positively influence student satisfaction. Thus, we propose the following
hypothesis:

HI. Technology and infrastructure have a positive and significant impact on student satisfaction.
Educational support services — Student satisfaction

Educational support services facilitate students’ academic journey by reducing administrative complexity
and enhancing access to resources, including advising, career services, and libraries. According to service quality
theory, these functional aspects of service delivery strongly influence satisfaction through reliability and
responsiveness (Parasuraman et al., 1988). Empirical evidence consistently identifies support services as critical
drivers of student satisfaction (Casidy, 2014; Hanssen & Solvoll, 2015). Thus, higher levels of educational support
services are expected to increase student satisfaction. Thus, we propose the following hypothesis:

H2. Educational support services have a positive and significant impact on student satisfaction.
Social orientation — Student satisfaction

Social orientation supports students’ integration into the institutional environment through counselling,
orientation programs, and social activities. Based on social integration theory (Tinto, 1993), students who feel
socially connected are more likely to experience positive educational outcomes. Relationship marketing theory
further suggests that stronger relational bonds enhance satisfaction (Hennig-Thurau et al., 2001). Therefore, higher
levels of social orientation are expected to positively influence student satisfaction. Thus, we propose the following
hypothesis:

H3. Social orientation has a positive and significant impact on student satisfaction.

I11.  Methodology
The Sample

Survey data were collected from graduate and undergraduate classes at a Canadian university, with all
participants enrolled as business majors. A multi-stage sampling approach was employed (Dudovsky, 2014). First,
stratified sampling divided the population into groups based on education level (graduate vs. undergraduate). Within
each group, non-probability sampling was then applied to encourage participation from students across a range of
business school majors, including marketing, international business, accounting, finance, human resource
management, entrepreneurship, economics, and supply chain management. Although the sample was limited to
business students, the goal was to ensure broad representation across the school.

A total of 394 students responded to the survey. Prior to distribution, the purpose of the research was
clearly explained to participants. Of these, 199 were paying domestic student fees and 195 were paying international
student fees. Comparative analysis revealed no significant differences across gender, domestic versus international
status, or undergraduate versus graduate status for any of the constructs of interest (p < 0.001). Therefore, all
responses were combined for subsequent analysis. To minimize social desirability bias, the survey was administered
anonymously, and the wording of items was kept as simple and clear as possible. Additionally, sensitive topics such
as student grades were excluded to further reduce bias (Page et al., 2014).

Measurement and questionnaire development

The researchers developed a survey questionnaire, in which items were adapted from the existing literature
and used to collect data on the key constructs (Table 1).

Table 1. Measurement scales of study variables in the conceptual model.

Construct Indicator variable # Sourcea

Satisfaction SAT1 | (Barry et al., 2008; Buttle, 1996b;

Satisfaction Oliver, 1977; Tokman et al., 2007)

Overall performance SAT?2

Technology for learning purposes TAIl
Technology | Access to computer labs TAI2
and Modern  facilities  available  for (Arambewela & Hall, 2009)
infrstructure | practicing presentations and holding | Tal3

meetings
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Teaching aids Tal4
Registration for courses ESS1
Educational Academic advising ESS2
ucationa Career center services ESS3 .
support Library ESsa (Hill, 1995)
SErvices Extracurricular services ESS5
Admistrative procedures ESS6
. Cou_nselm_g Services SOC1 (Ackerman & Schibrowsky, 2007
Social Social activities SOC2 . ;
. . - - Aldridge & Rowley, 1998; Arambewela
orientation General orientation programs SOC3
- - & Hall, 2009)
Program orientation SOC4

Structural model
The structural model (Figure 1) was developed based on the literature review and illustrates the research
hypotheses.

Technology and
infrastructure

Student
satisfaction

Educational
support services

Social
orientation

Figure 1. The structural model.
Method of statistical analysis

The model was analyzed using partial least squares structural equation modelling (PLS-SEM). Structural
equation modelling can be conducted in two ways: covariance-based SEM (CB-SEM) and PLS-SEM, which differ
in their underlying measurement philosophy and objectives (Hair et al., 2022). CB-SEM represents constructs as
factors, whereas PLS-SEM represents them as components (Hair et al., 2022; Lowry & Gaskin, 2014). In addition,
PLS-SEM provides access to statistical techniques not available in CB-SEM, such as Necessary Condition Analysis
(NCA), which is applied in this study. Given the study’s aim of predicting the target construct—student
satisfaction—and identifying its key driver constructs, PLS-SEM was the appropriate choice. Current guidelines for
evaluating the quality of measurement and structural models in PLS-SEM were followed (Ringle et al., 2020).

Necessary Condition Analysis (NCA) is a relatively recent analytical technique that is now incorporated
into SmartPLS software (version 4.1.1.4). NCA is particularly useful because it identifies the extent to which a given
condition must be present to achieve a certain outcome level. For example, in this research, NCA helps determine
the degree of technology and infrastructure, educational support and social orientation services required to achieve
specific levels of student satisfaction (Richter et al., 2020).

The logic of NCA distinguishes between “necessary” conditions (necessity logic) and “sufficient”
conditions (sufficiency logic) in relation to the endogenous construct of student satisfaction (Dul, 2016; Sukhov et
al., 2021). The analysis followed rigorous procedures outlined in the literature, including: defining research
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objectives and theoretical background, preparing and verifying the dataset, running the standard PLS-SEM analysis,
testing measurement model reliability and validity, transferring unstandardized latent variable scores to the dataset,
conducting NCA, assessing the structural model, and interpreting the results (Richter et al., 2020). The interpretation
of the results is based on the table presented in Appendix A.

IV.  Data analysis
Preparation and checking of data

At this stage, the adequacy of the sample size, data distribution, the presence of outliers, and the
measurement level/coding of scales are assessed (Richter et al., 2020). Sample adequacy was first assessed using
Cochran’s formula for continuous data (Cochran, 1977). With an alpha level of 0.025 in each tail (1.96), an
estimated standard deviation of 0.8 on a 5-point scale, and a margin of error of 0.15 (5 x 0.03), the minimum
required sample size was 137. Since the final dataset included 199 domestic and 195 international students, this
requirement was exceeded. Sample adequacy was further evaluated for partial least squares structural equation
modelling (PLS-SEM). Based on recent guidelines, if the smallest path coefficient in the structural model is 0.11
and the significance level is 0.05, the minimum required sample size is 155 (J. F. Hair et al., 2022). Thus, the
achieved sample size was again confirmed to be sufficient.

Regarding data distribution, the performance of NCA or PLS-SEM is not constrained by any distributional
assumptions (Richter et al., 2020). However, highly skewed data may inflate standard errors in statistical
significance testing using bootstrap analysis, thereby reducing statistical power (Richter et al., 2020). To evaluate
skewness (distribution balance) and kurtosis (peakedness), the data were analyzed using SPSS (version 26) (Table
2). Literature indicates that the most commonly used critical values for skewness and kurtosis are 2.58 (at a 0.01
significance level) and 1.96, respectively, corresponding to a 0.05 significance level (Hair et al., 2010). This
suggests there is no significant kurtosis or skewness in the data. Normality tests are typically conducted using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Both tests indicate significance (Table 3) for all variables, implying
non-normality of the data. Despite the absence of skewness and kurtosis, the data exhibit non-normality, thereby
reducing statistical power.

Regarding the assessment of outliers in the data, the literature recommends using the Mahalanobis distance
in multivariate analysis, which identifies abnormal response combinations within the variable set (Grande, 2016;
Hair et al., 2011). This analysis identified seven outliers in the dataset, which were subsequently removed. Lastly,
scales were measured and coded using metric or quasi-metric scales with relationships based on Likert scales. This
marks the end of the data preparation and verification phase for the PLS-SEM and NCA analysis.

Table 2. Mean values, standard deviations and normality of the data with z-scores for skewness and kurtosis

Construct Variable ? | Mean Std. Skewness | Kurtosis NSO | Sl Sign.
Dev. Smirnov Wilk
Satisfaction SATL 373 | 0690 | -0.896 1.447 0.377 0752 | <.001
SAT2 313 | 0.777 | 0.038 0.727 0.284 0855 | <.001
Technol TAIL 344 | 1.108 | -0.323 -0.509 0.172 0903 | <.001
aneg nology TAI2 341 | 1.181 | -0.368 ~0.558 0.181 0901 | <.001
tructure Tal3 330 | 1.185 | -0.100 -0.595 0.187 0.907 | <.001
Tald 333 | 1.141 | -0.201 -0.463 0.190 0908 | <.001
ESS1 378 | 0925 | -0579 0.081 0.246 0877 | <.001
Educational ESS2 354 | 1.069 | -0.535 -0.270 0.269 0872 | <.001
Sup”;j:t'ona ESS3 350 | 1.014 | 0175 2.508 0.207 0.896 | <.001
conrices ESS4 354 | 0864 | -0.159 -0.076 0.227 0872 | <.001
ESS5 355 | 0.865 | -0.642 0.516 0.285 0857 | <.001
ESS6 366 | 0783 | -0.422 0.473 0.282 0.849 | <.001
SOC1 344 | 1.108 | -0.160 -0.100 0.237 0901 | <.001
Social SOC2 336 | 1.004 | -0.238 -0.002 0.244 0.889 | <.001
orientation SOC3 345 | 1.036 | -0.259 0.042 0.263 0.884 | <.001
SOC4 353 | 1.102 | -0.051 0.201 0.267 0.886 | <.001

'See Table 1 for the shortcuts.
Evaluation of the reliability and validity of the measurement model
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The initial step involved evaluating each individual scale used to measure the constructs. The assessment of
the measurement model began with checking the reliability of the indicators. A bias-corrected and accelerated
bootstrapping analysis was performed to determine the significance of the indicator variables. (see Table 3).
Relationships found to be insignificant should be considered for removal. (Rosenbusch et al., 2018).

Table 3. Measurement model results

. ~ | outer Outer 5% bias-corrected confide_nce intervals for the outer
Construct Variable ” loading | weight loadings
2.5% 97.5%
Satisfaction SAT1 0.842 0.610 0.758 0.897
SAT?2 0.828 0.587 0.726 0.887
Technol TAI1 0.795 0.222 0.601 0.881
N 075 0505
: a : . . .
infrstructure e 7 0.867 | 0.365 0.781 0.938
ESS1 0.560 0.191 0.416 0.668
Educational ESS2 0.673 0.250 0.582 0.751
support ESS3 0.669 0.256 0.529 0.758
services ESS4 0.691 0.244 0.590 0.762
ESS5 0.662 0.227 0.539 0.751
ESS6 0.720 0.328 0.631 0.787
SOC1 0.690 0.232 0.493 0.794
Social SOC2 0.834 0.332 0.737 0.904
orientation SOC3 0.903 0.391 0.852 0.945
SOC4 0.763 0.275 0.577 0.853

" See Table 1 for the shortcuts.

The next step in assessing the measurement model is evaluating internal consistency reliability (Table 4). It
is important to note that Cronbach's alpha is a conservative measure of reliability. In contrast, composite reliability
(with a target range of 0.70-0.95) tends to overestimate internal consistency. Thus, the actual reliability lies between
these criteria, with the Cronbach alpha value serving as the lower bound and the composite reliability as the upper
bound for internal consistency (Hair et al., 2022). Thus, the internal consistency reliability was acceptable. In terms
of convergent validity, which is usually assessed using average variance extracted (AVE) values, the threshold of
0.50 should be exceeded (Table 5). To address the low AVE issue, the literature suggests removing variables with
low loadings; therefore, variables ESS1 and ESS4 were removed. After this, the AVE values for all constructs were
acceptable.

Table 3. Construct reliability and convergent reliability

. Composite Average Variance
Construct Cronbach's Alpha Reliability Extracted (AVE)
Educational support services 0.747 (0.683) 0.825 (0.806) 0.441 (0.510)”
Social orientation 0.813 0.877 0.642
Student satisfaction 0.567 0.822 0.698
Technology and infrastructure 0.872 0.911 0.720

") After the removal of ESS1 and ESS4 variables.

Next, the discriminant validity was assessed, which shows how much a construct differs from other
constructs (Hair et al., 2022). Current literature recommends using Heterotrait-Monotrait (HTMT) analysis, which
evaluates the ratio of between-trait and within-trait correlations (Hair et al., 2022). Research has suggested that the
HTMT values not exceed 0.90 (Henseler et al., 2014). None of the HTMT values exceeded this threshold value.
Subsequently, the unstandardized latent variable scores were transferred to the dataset in preparation for the NCA.
Assessment of common method bias

Research also suggested using the full collinearity test as a variance-based SEM alternative to the common
method bias test (Lindell & Whitney, 2001). This was used because it could influence the assessment of the
measurement and structural models. The full collinearity investigation included both vertical and lateral collinearity
evaluations based on the technique established by Kock and Lynn .(2012). A random variable is included in the
dataset to connect all constructs to a dummy construct, with values ranging from 0 to 1. PLS-SEM was then
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completed, and the VIFs were assessed. The structural model showed no collinearity issues because the VIF values
were below the strict 3.3 level (Hair et al., 2018), indicating the absence of common method bias.

Assessment of endogeneity

Given the cross-sectional nature of the data and the use of perceptual measures, the potential for
endogeneity cannot be fully ruled out. Endogeneity may arise from omitted variables, measurement error, or reverse
causality, thereby biasing parameter estimates and threatening the validity of the results. Importantly, common
method bias tests do not account for such issues, making it necessary to explicitly assess endogeneity.

To address this concern, the Gaussian copula approach was employed, following the procedure proposed by
Park and Gupta (2012) and recent recommendations in PLS-SEM research (Hult et al., 2018). This method involves
generating a copula term for each predictor and incorporating it into the structural model. A statistically significant
copula term indicates the presence of endogeneity.

The results show that the copula terms were not statistically significant for the technology and
infrastructure (B = —0.270, p = 0.175), for the educational support services (B = 0.004, p = 0.988), and the social
orientation construct (f = —0.098, p = 0.675), suggesting that endogeneity is not a concern in the model. Therefore,
the estimated path coefficients can be interpreted as unbiased.

Assessment of the structural model

Assessing collinearity is the initial step in evaluating the structural model because it reveals correlations
among the exogenous predictors. Collinearity is usually measured using the variance inflation factors (VIF). All VIF
values in the structural model were below 3, indicating no collinearity (JHair et al., 2011).

Next, predictive validity and relevance analyses were conducted, typically using R* and Stone and Geisser
Q2 values (Geisser, 1975; Stone, 1974). Extant research has established that R? values of 0.67, 0.33, and 0.19 are
considered substantial, average, and weak, respectively (Chin, 1998). The R and R*-adjusted values of the
endogenous construct of marketing agility were 0.138 and 0.131, respectively. These values are considered low,
unsurprisingly, as the constructs examined in this study are not the primary factors influencing student satisfaction.
Research has recognized that the Stone-Geisser Q* should be larger than 0 to indicate predictive relevance, which
was the case here.

The final step in assessing the structural model is estimating the path coefficients. It is noteworthy,
however, that reporting statistical significance alone is insufficient when presenting results (Sullivan & Feinn, 2012),
and therefore, the effect size should also be noted (Cohen, 1992; Klein, 2005), as the effect size may be the most
fundamental finding in the analysis. Furthermore, with an adequately large sample size, statistical analysis can
reveal significant differences that are insignificant in practice. In contrast, effect sizes are not dependent on sample
size and are thus comparable across different research projects (Hair et al., 2011). The values 0.02, 0.15, and 0.35
indicate that the exogenous constructs have small, medium, or large effect sizes, respectively (Hair et al., 2022)
(Table 4). The results indicate that one of the relationships is statistically significant, i.e., the relationship between
educational support services and student satisfaction, with an effect size of medium and small.

Table 4. The significance of the path coefficients and effect sizes.

5% Effect size
Path bootstrapping Signifi- Effect | descriptor
Relationship coeffi- confidence cgnce size of the
cient intervals () total
2.5% | 97.5% effect
Edycathnal support services — Student 033 023 043 Yes 012 Medium
satisfaction to small
Social orientation — Student satisfaction 0.05 -0.05 | 0.16 No 0.01 -
Te_chnol_ogy and infrastructure — Student 0.05 005 | 015 No 001 )
satisfaction

Necessary condition analysis (NCA)

Besides showing the average relationships between exogenous and endogenous constructs through PLS-
SEM, NCA offers a more detailed view of how different exogenous constructs contribute to the endogenous
construct(s). This is often visualized with scatter plots between the exogenous and endogenous constructs, which can
help identify necessary conditions (Richter et al., 2020). In this research context, specific levels of educational
support services, social orientation and technology and infrastructure are needed to achieve a certain level of student
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satisfaction. Therefore, the NCA performance helps researchers determine which endogenous constructs are
essential and the extent to which an exogenous construct is needed to reach a targeted level of the endogenous
construct (Sukhov et al., 2021).

The scatter plot diagrams usually feature two upward-sloping lines, known as the ceiling development-free
disposal hull (CE-FDH) and the ceiling development-free disposal hull (CR-FDH) (see Appendix B). The difference
between these two is that the CR-FDH is a direct line through the CE-FDH stepwise line. The point of these lines is
that the larger the area in the upper-left corner, the more restrictions are imposed on student satisfaction by
educational support services, social orientation, and technology and infrastructure in this research (Richter et al.,
2020). Furthermore, this same information can be displayed using the bottleneck table. Table 5 shows that to achieve
90% student satisfaction, an educational support services score of at least 3.00, a social orientation score of at least
3.1, and a technology and infrastructure score of 1.9 are required.

Table 5. Bottleneck table - CE-FDH (values) (Note: NN = Not Necessary)

Student Educational Social Technology and
satisfaction support services orientation infrastructure

0% 1.515 NN NN NN

10% | 1.863 NN NN NN

20% | 2.212 NN NN NN

30% | 2.561 2.017 NN NN

40% | 2.909 2.017 NN NN

50% | 3.258 2.017 NN NN

60% | 3.606 2.592 NN NN

70% | 3.955 2.592 NN NN

80% | 4.303 2.741 NN NN

90% | 4.652 3.000 3.102 1.914

100% | 5.000 3.000 3.102 1.914

The key measures of the NCA's effectiveness are ceiling accuracy and the necessity effect size (d). The
ceiling accuracy is the proportion of observations at or below the ceiling line, calculated as the number of
observations at or below the ceiling line divided by the total number of observations, then multiplied by 100. In this
study, the accuracy was 100%. Comparing the observed accuracy to a benchmark value (e.g., 95%) helps evaluate
the quality of the solution (Dul, 2016; Richter et al., 2020). The necessity effect size (d) and its statistical
significance indicate whether a construct is necessary. d is determined by dividing the "empty" space, known as the
ceiling zone, by the total scope of observations (Richter et al., 2020).

The effect sizes and their significance are illustrated in Table 6. Previous research has labelled 0 < d < 0.1
as a small effect, 0.1 < d < 0.3 as a medium effect, 0.3 <d < 0.5 as a large effect, and d > 0.5 as a very large effect
(Dul, 2016b).

Table 6. Necessary Condition Analysis (NCA) effect sizes and their permutation significance.

CE-FDH . Effect size descriptor on the student
Construct q Permutation p-value . .
effect size (d) satisfaction
Educational support services 0.199 0.004 Medium
Social orientation 0.061 0.452 -
Technology and infrastructure 0.033 0.704 -

Interpretation of the results
The analysis results indicate that settings 1 and 4 are supported (see Appendix A). Based on the results in
Table 6, the NCA is summarized in Table 7. Thus, educational support services are a necessary, “must-have”
condition for student satisfaction.
Table 7. The scenarios in the interpretation of the NCA results

Setting i i ez Comment Conclusion
results results
1. Educational L and a On average, an increase in the educational
significant : e
support determinant necessary support services will increase atudent Must have!
Services. . . condition satisfaction. However, a certain level of the
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educational support services construct is
necessary for Student satisfaction to manifest.
. S and not Social orinettaion construct is neither a must-
2. Social insignificant
. .S - a necessary have nor a should-have factor for the student -
orientation is a determinant o . i
condition satisfaction outcome.
3. Technology L and not Technology and infrastructure construct is
insignificant .
and - anecessary | neither a must-have nor a should-have factor for -
. determinant o - .
infrastructure. . . condition the student satisfaction outcome.

V.  Discussion

The purpose of this study was to examine the drivers of student satisfaction in higher education by
integrating sufficiency logic (PLS-SEM) with necessity logic (NCA). The findings provide several important
insights into the nature of satisfaction formation and extend prior research by distinguishing between constructs that
are merely influential and those that are essential.

The results from the PLS-SEM analysis indicate that educational support services are the only statistically
significant predictor of student satisfaction, while technology, infrastructure and social orientation do not exhibit
significant direct effects. These findings partially support the proposed hypotheses, providing support for H2, but not
for H1 and H3. This result is consistent with prior research emphasizing the importance of functional service quality
elements—such as advising, administrative processes, and access to resources—in shaping student satisfaction
(Casidy, 2014; Hanssen & Solvoll, 2015). From a theoretical perspective, this finding reinforces the relevance of
SERVQUAL and expectation—confirmation theory, which highlight the central role of reliable and responsive
service delivery in satisfaction formation.

In contrast, the non-significant effects of technology, infrastructure, and social orientation suggest that these
dimensions may not function as primary drivers of satisfaction in this context. This aligns with prior studies
indicating that once a basic level of technological support is achieved, its marginal impact on satisfaction diminishes
(Pham et al., 2019). Similarly, the mixed findings regarding social orientation suggest that its influence may be
indirect or contingent on other service dimensions (Elsharnouby et al., 2021). These findings can be further
interpreted through Herzberg’s two-factor theory, which distinguishes between hygiene factors and motivators
(DeShields et al., 2005). In this context, technology, infrastructure, and social orientation may operate as hygiene
factors, whose presence prevents dissatisfaction but does not actively enhance satisfaction. Their non-significant
effects in the PLS-SEM results, therefore, do not imply irrelevance but rather indicate that these elements must meet
a minimum standard to avoid dissatisfaction, consistent with Herzberg’s framework. These results highlight the
limitations of relying solely on sufficiency logic, as non-significant relationships do not necessarily imply that these
constructs are unimportant.

The NCA results provide a more nuanced interpretation. Specifically, educational support services are a
necessary condition for student satisfaction, indicating that a minimum level of support must be present for
satisfaction to occur. This finding is particularly important, as it demonstrates that even if improvements are made in
other service dimensions, student satisfaction cannot be achieved without adequate support services. This reinforces
the notion of “must-have” factors in service delivery and aligns with emerging research emphasizing the role of
necessary conditions in management and marketing contexts (Dul, 2016; Richter et al., 2020).

In contrast, neither technology and infrastructure nor social orientation was found to be a necessary, “must-
have” condition. This suggests that while these factors may contribute to the overall student experience, they do not
impose binding constraints on satisfaction. In other words, students can still report satisfactory experiences even if
these elements are not highly developed, provided that essential support services are in place. This distinction
between necessary and non-necessary constructs provides important clarification to the existing literature, where
these constructs are often treated as uniformly important.

Taken together, the combined PLS-SEM and NCA results highlight the importance of distinguishing
between “drivers” and “enablers” of student satisfaction. Educational support services function as both a significant
determinant and a necessary, “must-have” condition, making them a critical focal point for institutions. In contrast,
technology, infrastructure, and social orientation appear to function as contextual or complementary constructs
rather than as sufficient or necessary conditions.

This study advances the understanding of student satisfaction by demonstrating that traditional linear
models may overlook critical threshold effects. By integrating sufficiency and necessity perspectives, the findings
provide a more comprehensive explanation of how satisfaction is formed in higher education settings and underscore
the importance of prioritizing essential service elements over purely incremental improvements.
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VI.  Implications
Academic implications

This study makes several important contributions to the literature on student satisfaction and service
management in higher education. First, it advances existing research by explicitly distinguishing between
sufficiency and necessity logics in explaining satisfaction. While prior studies have predominantly relied on linear,
sufficiency-based approaches, the integration of PLS-SEM and NCA demonstrates that not all determinants operate
in the same way. Specifically, the findings show that educational support services function as both a significant
determinant and a necessary, “must-have” condition, whereas technology, infrastructure and social orientation are
neither sufficient nor necessary. This distinction provides a more nuanced understanding of how student satisfaction
forms and responds to recent calls for methodological pluralism in marketing and service research (Dul, 2016a;
Richter et al., 2020a).

Second, the study contributes to theory by integrating Herzberg’s two-factor theory into the context of
higher education. The results suggest that educational support services can be conceptualized as motivators that
actively enhance student satisfaction, whereas technology, infrastructure, and social orientation can be
conceptualized as hygiene factors that prevent dissatisfaction but do not necessarily increase satisfaction beyond a
certain threshold (DeShields et al., 2005). This theoretical framing helps reconcile inconsistent findings in prior
research by explaining why some widely studied service dimensions exhibit weak or non-significant effects in linear
models.

Third, the findings extend the application of the resource-based view (RBV) by demonstrating that not all
institutional resources contribute equally to value creation. While RBV emphasizes the strategic importance of
resources, this study shows that only certain resources—specifically educational support services—translate into
meaningful performance outcomes in terms of student satisfaction. This highlights the need to differentiate between
value-creating resources and threshold resources, thereby refining the application of RBV in service and education
contexts.

Finally, the study contributes methodologically by illustrating the value of combining PLS-SEM with NCA
in higher education research. This dual approach enables researchers to move beyond average effects and identify
critical minimum thresholds required for outcomes to occur. As such, the study provides a template for future
research aiming to capture the complexity of service phenomena, particularly in contexts characterized by multiple
interacting determinants and non-linear relationships.

Practical implications

The findings provide clear guidance for higher education management on how to prioritize resources and
design service strategies to enhance student satisfaction. First and foremost, educational support services should be
treated as a non-negotiable priority. As the only construct that is both a significant determinant and a necessary
condition, support services represent a “must-have” foundation. Institutions should therefore ensure consistent
quality across academic advising, course registration, administrative procedures, and career services. The NCA
results further indicate that minimum threshold levels must be met—for example, achieving high satisfaction (e.g.,
~90%) requires support service performance to be approximately 3.0. Falling below this threshold is likely to
constrain satisfaction regardless of improvements in other areas.

Second, the results suggest that technology and infrastructure, as well as social orientation, function as
supporting or enabling factors rather than primary drivers. This implies that investments in these areas should
prioritize adequacy over continuous maximization. For instance, while modern facilities and digital learning tools
are important, their role is primarily to prevent dissatisfaction once baseline expectations are met. Overinvestment in
these areas without strengthening core support services may yield limited returns.

Third, the findings highlight the importance of threshold-based resource allocation. Rather than pursuing
uniform improvements across all service dimensions, managers should adopt a sequencing strategy: first ensure that
essential support services meet required minimum levels, and only then allocate additional resources to enhancing
complementary aspects such as social engagement and technological innovation.

Fourth, the results imply that student experience management should focus on removing critical
bottlenecks. The bottleneck analysis demonstrates that a specific minimum level of social orientation (~3.1) is
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required at higher satisfaction levels, suggesting that deficiencies in this area may become constraining only at
advanced stages. Managers should therefore monitor service performance dynamically and address constraints as
satisfaction targets increase.

These findings support a shift from a “more is better” mindset to a “right level matters” approach.
Institutions should aim to identify and maintain optimal service thresholds rather than maximizing all service
attributes indiscriminately. This approach enables more efficient use of limited resources while ensuring that the key
conditions for student satisfaction are consistently met.

VIl.  Limitations and future research

This study is subject to several limitations that provide opportunities for future research. First, the data
were collected using a cross-sectional survey design, which limits the ability to draw strong causal inferences.
Although endogeneity was assessed and found not to be a concern, future studies could employ longitudinal or panel
data to better capture dynamic relationships and potential feedback effects between service perceptions and student
satisfaction.

Second, the sample comprises students from a single Canadian university and primarily from business
disciplines, which may limit the generalizability of the findings. Institutional characteristics, cultural contexts, and
disciplinary differences may influence how students evaluate service quality. Future research should replicate the
study across multiple institutions, countries, and academic fields to enhance external validity.

Third, the study focuses on three key service dimensions—technology and infrastructure, educational
support services, and social orientation. While these constructs are well-established in the literature, other potentially
important determinants—such as teaching quality, perceived value, faculty interaction, and student engagement—
were not included. Future research could extend the model by incorporating additional constructs and examining
their roles as sufficient and/or necessary conditions.

Fourth, although the study integrates PLS-SEM and NCA, it relies on self-reported perceptual measures,
which may be subject to response bias. While procedural and statistical remedies were applied, future research could
benefit from incorporating objective indicators (e.g., academic performance, retention data) or multi-source data to
strengthen validity.

Fifth, the findings suggest that some constructs may operate as threshold or hygiene factors, yet the study
does not explicitly test nonlinear or interaction effects beyond the NCA framework. Future studies could explore
nonlinear modelling approaches, configurational methods (e.g., fSQCA (Vis & Dul, 2018)), or moderation effects to
further unpack the complexity of satisfaction formation.

Finally, future research could deepen the theoretical integration by examining how frameworks such as
Herzberg’s two-factor theory, resource-based view, and service-dominant logic jointly explain the distinction
between necessary and sufficient conditions. Such work would further advance the conceptual understanding of
service quality and satisfaction in higher education and related service contexts.

VIIl.  Conclusions

This study set out to examine the drivers of student satisfaction in higher education by integrating
sufficiency logic (PLS-SEM) with necessity logic (NCA). The findings demonstrate that not all service dimensions
contribute equally to satisfaction and that relying solely on linear models may lead to incomplete or misleading
conclusions.

The results show that educational support services are both a significant determinant and a necessary
condition for student satisfaction, highlighting their central role in shaping the student experience. In contrast,
technology, infrastructure and social orientation were found to be neither significant determinants nor necessary
conditions, suggesting that these factors function primarily as supporting elements rather than core drivers.
Importantly, the NCA results reveal that minimum thresholds for certain services must be met for higher levels of
satisfaction to be achieved, underscoring the importance of “must-have” conditions in service delivery.

By combining PLS-SEM and NCA, this study provides a more comprehensive understanding of the
formation of satisfaction, demonstrating that what drives satisfaction is not always what enables it. The findings
contribute to the literature by clarifying the distinction between essential and non-essential service elements and by
integrating theoretical perspectives, including expectation—confirmation theory, the resource-based view, and
Herzberg’s two-factor theory.

The study underscores the need for both researchers and practitioners to move beyond traditional linear
approaches and adopt more nuanced frameworks that capture the complexity of service experiences. In doing so, it
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offers a stronger foundation for understanding and managing student satisfaction in contemporary higher education

environments.

Appendix A. The scenarios for interpreting the NCA results (Source: Richter et al., 2020)

. PLS-SEM .

Setting NCA results | Conclusion
results

1. Exogenous significant and a | On average, an increase in the exogenous construct will increase

construct is . necessary the outcome. However, a certain level of the exogenous construct
determinant . . .

a. .. condition is necessary for the outcome to manifest.

2. Exogenous significant but no On average, an increase in the exogenous construct will increase

construct is . necessary the outcome; no minimum level of the construct is needed to
determinant ", . .

a. .. condition ensure that the outcome will manifest.

3. Exogenous nonsianificant but a | A certain level of the exogenous construct is necessary for the

construct is gr necessary outcome to manifest. However, a further increase is not
determinant " oo .

a. .. condition recommended, as it will not increase the outcome any further.

4. Exogenous R and not a . .

gen nonsignificant Exogenous construct is neither a must-have nor a should-have

construct is . necessary .
determinant o, factor for the manifest outcome.

a. .. condition

Appendix B. NCA Ceiling charts
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