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Abstract

Necessary condition analysis (NCA) is an increasingly used or suggested method in
many business and management disciplines including, for example, entrepreneur-
ship, human resource management, international business, marketing, operations,
public and nonprofit management, strategic management, and tourism. In the light
of this development, our work delivers a review of the topics analyzed with NCA
or in which NCA is proposed as a method. The review highlights the tremendous
possibilities of using NCA, which hopefully encourages other researchers to try the
method. To support researchers in future NCA studies, this article also provides
detailed guidelines about how to best use NCA. These cover eight topics: theoreti-
cal justification, meaningful data, scatter plot, ceiling line, effect size, statistical test,
bottleneck analysis, and further descriptions of NCA.
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1 Introduction

Over the last decade, Necessary Condition Analysis (NCA) (Dul 2016b) has emerged
as an increasingly used or suggested method in a variety of management and busi-
ness fields including entrepreneurship (Linder et al. 2022; Torres and Godinho 2022),
human resource management and organizational behavior (Costa et al. 2022; Korman
et al. 2022), international management (Bolivar et al. 2022; Zahoor et al. 2023), mar-
keting (Kopplin and Rosch 2021; Liu et al. 2022), operations and supply chain man-
agement (Knol et al. 2018; Stek and Schiele 2021), public and nonprofit management
(Abner et al. 2022; Blom et al. 2022), strategic management (Du and Kim 2021; Kli-
mas et al. 2022), technology and innovation management (Dabic et al. 2021; Gantert
et al. 2022; Lyu et al. 2022), and tourism and hospitality management (Della Corte
et al. 2023; Lee et al. 2022). Yet, the understanding is still scant of how NCA can be
best used for diverse topics and which research questions can be addressed in various
fields.

Against this background, it is timely to examine how NCA can support research in
business and management research. However, such an overview is just a ‘top of the
iceberg’ of potential research using necessity logic. Gary Goertz, a renowned thinker
about necessity logic, states that ‘for any research area one can find important neces-
sary condition hypotheses’ (Goertz and Starr 2003). We agree with this assessment and
suggest researchers to consider formulating and analyzing their own research questions
with necessity logic. This will not only increase the academic knowledge in their field,
but also provide insights of high practical value. It is for these reasons of theoretical
novelty and practical usefulness that NCA is considered an important tool for research-
ers in any field of business and management (e.g., Aguinis et al. 2022; Bergh et al.
2022; Robinson et al. 2022) and beyond (e.g., Tynan et al. 2020).

To support researchers in their future NCA studies, we also present guidelines for
good NCA practice. Some guidelines are already scattered around in the literature (e.g.,
Dul 2020, 2021) but seem not sufficiently known. Therefore, we develop a comprehen-
sive list of basic guidelines for good NCA practice which can be used by researchers,
reviewers, and editors to enhance and ensure the quality of NCA studies.

We present and explain the guidelines along eight topics: theoretical justification,
meaningful data, scatter plot, ceiling line, effect size, statistical test, bottleneck analysis,
and descriptions of NCA. Notably, this article is not intended to be a tutorial for con-
ducting NCA. Readers who are interested in the details of NCA are referred to NCA’s
core article (Dul 2016b) or books about NCA at introductory level (Dul 2020) and
advanced level (Dul 2021). Also, summaries of the method are available for several
research fields (e.g., Dul et al. 2021; Hauff et al. 2021; Linder et al. 2022; Richter and
Hauff 2022; Téth et al. 2019).
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2 Fundamental concepts of NCA

Researchers use different expressions if they assume that a condition X is a neces-
sary cause for an outcome Y. Examples are, “X is needed for Y”, “X is critical for
Y”, “X must be there for Y to succeed”, “X is a precondition for Y or “Y requires
X”. Accordingly, a necessary condition denotes a constraint, a bottleneck, or a criti-
cal factor that must be overcome or satisfied in order to achieve a desired outcome.
If the necessary condition is not met, there will be no outcome (Dul 2016b, 2020).

Following this logic, NCA does not pursue explaining how changes of a factor/
determinant modifies an outcome (i.e., additive average effect logic represented in
different forms of regression or structural equation analyses) but pursues to clar-
ify if an outcome does not appear if a specific condition is not given. To do this,
NCA identifies an empty space (i.e., where no cases are present) in a corner of an
XY scatter plot. NCA draws a ceiling line that separates the area with, and without
cases. Two defaults ceiling lines are Ceiling Envelopment—Free Disposal Hull (CE-
FDH) and Ceiling Regression—Free Disposal Hull (CR-FDH) (see Fig. 1, panel A).
The CE-FDH ceiling is a non-decreasing step-wise linear line. The CR-FDH ceiling
line is a trend line through the upper-left CE-FDH corners.

The ceiling line can also be represented in a tabular form, which is called the boz-
tleneck table (see Fig. 1, panel B). The first column in this table has the values of
the outcome and the next column(s) has(have) the corresponding necessary values
of the condition(s). The table shows the required (necessary) levels of all conditions
for a given level of the outcome. This is particularly useful when there are multiple
necessary conditions. If one of the conditions does not have the necessary level, the
desired outcome will not occur, independently of the levels of the other conditions
(hence, ‘bottleneck’ table).

A B
NCAPlot: X-Y Bottleneck table
(CE-FDH)
N =] -—- CE-FDH
— CR-FDH Y X
© - (actual (actual
values) values)
0 — 0 NN
> < . . . L] 1 NN
J ° (] . . 2 NN
o — ————— L] ° L] L] L]
! . . : 3 NN
~ - ¢ . ° 4 2.0
]
[ 5 3.0
- —-4 3
I I I I I I I 6 4.5
1 2 3 4 5 6 7 e 6.0
X

Notes: CE-FDH = Ceiling Envelopment — Free Disposal Hull; CR-FDH = Ceiling

Regression — Free Disposal Hull, NN = not necessary

Fig. 1 Ceiling lines and bottleneck table
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The key parameter in NCA is the effect size d, which is calculated by dividing
the area without observations (also called the ceiling zone) by the total area that
can contain observations given the minimum and maximum values of the condi-
tion and the outcome (also called the scope). Accordingly, d can range between
0<d<1. In order to establish whether the effect size is practical meaningful,
Dul (2016b) suggested that 0 <d <0.1 represents a small effect, 0.1<d<0.3 a
medium effect, 0.3 <d < 0.5 a large effect and d>0.5 a very large effect. The sta-
tistical significance of the effect size can be evaluated with NCA’s approximate
permutation test (Dul et al. 2020) which helps to avoid false positive conclusions
about the effect size.

An NCA can be conducted with the NCA package that is available in the free
programming language R. The usage of the package is easy also for novice users
without knowledge of R or NCA (for a quick start guide see Dul 2023). Currently,
NCA is also implemented in SmartPLS 4 (Ringle et al. 2022). An implementation in
Stata is planned.

3 Review of topics in recent NCA research

Research with NCA has been strongly proliferating in the past years. Recently, Dul
(2022a) has provided an overview on the diffusion of NCA by analyzing NCA appli-
cations in journal articles published between 2016 (the year when the first full ver-
sion of the NCA method was introduced) and 2021. The publication focuses on the
growth of the number of journal articles that apply NCA, the diversity of disciplines
where NCA is applied, and the geographical spread of researchers who apply NCA.
We extend this review by analyzing for which topics NCA has been applied or sug-
gested in the field of business and management. First, we selected from the articles
identified by Dul (2022a) those articles that focus on business and management. In
addition, we searched for studies that suggested (rather than applied) the use of NCA
for a specific discipline or topic in business and management. Further, we extended
the search period, so that the most recent articles (published in 2022) were also
integrated. For identifying articles, we followed the approach by Dul (2022a) and
searched for articles published in journals listed in the Web of Science citing at least
one of five core methodological publications on NCA (i.e. Dul 2016a, b, 2020; Dul
et al. 2020; Vis and Dul 2018). We excluded articles with a problematic application
of NCA (Dul 2022a, b). However, being included in the overview does not guaran-
tee that the article correctly applies and describes NCA in all its aspects. In total, we
identified 97 studies that use or suggest NCA in the business and management field
(see Table 1). This illustrates the rapid increase of NCA publications: the number of
NCA articles in 2022 has more than doubled in comparison to the number of NCA
articles in the 20162021 period. Below we briefly introduce some of the articles
that we found interesting, compelling and/or well-conducted. Such a choice is of
course always subjective. However, our goal is not to provide a systematic review,
but rather to highlight the diversity of NCA topics in the hope that this may inspire
others.
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3.1 Entrepreneurship

Linder et al. (2022) point out that the study of necessary conditions can enhance the
theory-method compatibility in quantitative entrepreneurship research. The authors
emphasize that necessary conditions are “theoretically different from what enables
firms to, say, outperform peers” and that NCA can be a “valuable analytical tool
to identify necessary conditions that allow firms to, say, enter a market” (ebd. p.
2). They discuss the basics of necessity logic and its importance in entrepreneur-
ship and illustrate the application of NCA using founder’s experience. Results show
that founders need to have some experience (e.g., in terms of managerial or start-up
experience) for receiving loans (since banks obviously want to reduce their risks),
but experience is no necessary condition for explorative or exploitative behavior of
the founders.

Also focusing on the individual level, Huang et al. (2022) analyze which psycho-
cognitive conditions are necessary conditions of women’s entrepreneurial activity.
Their results show that a high capability perception (i.e., the ability to complete a
task, confidence in leadership, or the perception of task success) and a high opportu-
nity perception (i.e., the ability of entrepreneurs to perceive entrepreneurial opportu-
nities) can be considered a necessary condition for women’s entrepreneurial activity.
In contrast, entrepreneurial expectation, entrepreneurial motivation and low fear of
failure do not represent cognitive elements that are necessary for female entrepre-
neurial activity.

NCA can also be applied to macro level questions in entrepreneurship research.
Torres and Godinho (2022), for example, ask which elements of a digital entrepre-
neurial ecosystem are necessary in a country to produce high-quality entrepreneur-
ship that relies on a well-functioning digital infrastructure (called “digitally-enabled
unicorns”). Digital entrepreneurial ecosystems are referred to as “a combination of
elements, in a particular territory, backing the growth of start-ups aiming to pur-
sue new opportunities that arise from digital technologies™ (ebd. p. 2). The authors
found support for their assumption that cultural and informal institutions, formal
institutions, regulation, and taxation, market conditions, physical infrastructure,
human capital, knowledge creation and dissemination, finance, as well as network-
ing and support are necessary conditions to produce digitally-enabled unicorns.

3.2 Human resource management (HRM) and organizational behavior

Boon et al. (2019) and Hauff (2021) suggested to use NCA for the study of HRM
systems. For example, Boon et al. (2019) state: “Examining which practices need
to be present for the system to be effective and which practices make the difference
between average and good performance can also help to enhance knowledge about
HR systems” (ebd. p. 2552). In their general introduction of necessity logic and NCA
for HRM research, Hauff et al. (2021) apply the ability, motivation, and opportunity
(AMO) model, which represents a core framework for HRM systems research, and
analyze whether AMO-enhancing HRM-practices are necessary for employee per-
formance. Results reveal that it is only the O-enhancing HRM practices that have a
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meaningful necessary condition. However, considering the relation between human
capital, employee attitudes, and employee performance, their study shows that both
human capital and employee attitudes are necessary for employee performance.

Besides the study of HRM systems, NCA has also been applied in the context
of leadership research. For example, Jada and Mukhopadhyay (2019) studied which
leadership styles are necessary conditions for encouraging promotive voice (expres-
sion of new ideas or suggestions) and prohibitive voice (expression of concerns).
Their findings reveal that empowering, transformational and ethical leadership as
necessary conditions for high levels of promotive voice. For prohibitive voice, only
empowering leadership had a substantial effect size. Costa et al. (2022) found that a
supervisor’s organizational embodiment (i.e., the perception of employees that their
leader shares the values and norms of their organization) represents a necessary con-
dition for high levels of organizational identification among employees, in contrast,
ethical leadership is not necessary for organizational identification. Furthermore,
Pangarso et al. (2022) found that empowering leadership represents a necessary con-
dition for digital organizational culture which itself is necessary for high levels of
employee performance.

Other studies have encountered necessary conditions for the well-being of
employees and managers. Wang et al. (2022), for example found that need for com-
petence and need for relationship are necessary for a high level of employee well-
being. Korman et al. (2022) found that managers’ sense of power and managers’
self-efficacy are necessary conditions for low levels of burnout.

3.3 International management

For international management, Aguinis et al. (2022) and Richter and Hauff (2022)
have proposed the use of NCA. Aguinis et al. (2022) consider NCA as a solution
to provide better insights about causal relations in international management. Rich-
ter and Hauff (2022) argue that necessity logic and NCA provide a way in inter-
national management for “advancing the field with a new perspective on causality
and data analysis”. Searching for statements about necessary conditions in the two
top journals (i.e., Journal of World Business and the Journal of International Busi-
ness Studies), Richter and Hauff (2022) identified 41 articles that point to a neces-
sity logic in their theoretical argumentation. Of these papers, 16 deal with interna-
tionalization patterns and the performance of MNE firms, 11 examine knowledge
sharing and creation among intra- and inter-firm international partners, four refer to
foreign entry mode success, and 10 articles relate to a diversity of topics (e.g., brand
identification, ecological sustainability). Richter and Hauff (2022) illustrate the use
of NCA by examining if certain institutional factors are necessary conditions for
inward foreign direct investments. Their results show that foreign direct investments
can only be achieved with a certain level of non-corruption, favorable taxation, flex-
ible labor regulations, and political stability.

Drawing from the network theory of international business and the perspec-
tive of structural embeddedness of interorganizational relationships, Bolivar et al.
(2022) study the role of access to network resources and mobilization of network
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resources for the speed of international expansion of MNEs. NCA results indicate
that access to network resources is a necessary condition for the mobilization of
network resources; both access to and mobilization of network resources are nec-
essary conditions for the speed of MNE international expansion.

A further topic is the study of cultural intelligence (CQ). Richter et al. (2020a)
found that cognitive CQ, metacognitive CQ and motivational CQ are necessary
conditions for expatriation intention. The results vary, however, across countries
(in this case China, Germany, and the US). In the context of global virtual teams,
Richter et al. (2021) hypothesized that the team’s average level of motivational
CQ, the motivational CQ of the least culturally intelligent member on the team,
and the motivational CQ of the team leader are necessary conditions for strong
social integration on the team and good team performance. Their results partially
support these assumptions: the team’s average level of motivational CQ is neces-
sary for both social integration and performance; the motivational CQ of the team
leader is necessary for social integration.

3.4 Marketing

An introduction of NCA for marketing research has been provided by Dul et al.
(2021). The authors show how NCA can be applied to identify necessary con-
ditions of marketing phenomena. Their work also discusses the opportunities of
using NCA in the study of consumer markets, strategic marketing and marketing
planning, marketing communications, personal selling and sales, and business-to-
business (B2B) marketing.

Current applications of NCA in marketing research are focused on consum-
ers attitudes and behaviors. For example, Liu et al. (2022) analyze the drivers
and consequences of the “awe” emotion (understood as “an accommodation of
stimulating experiences”, ebd. p. 279) in outdoor sport. Results show that the per-
ceived vastness of a natural environment and perceived professionalism form a
necessary condition for awe. Awe itself acts as a necessary condition for both par-
ticipants’ satisfaction and behavioral intention. Kopplin and Rausch (2022) apply
NCA in their analysis on the role of consumers’ dietary behavior for the purchase
of plant-based food substitutes. Results show that a certain level of animal wel-
fare concerns is necessary for consumers’ dietary behavior, while environmental
concerns, health consciousness, and perceived consumer effectiveness are not.
Furthermore, a positive attitude towards plant-based food substitutes is necessary
for purchase intention, while subjective norm is not. In another study, Kopplin
and Rosch (2021) analyze the causes of sustainable clothing purchase behavior.
They found that environmental concern, self-expressiveness (i.e., an individual’s
perception that they may express their identity by purchasing and wearing sus-
tainable clothing), social influence, and price value (i.e., the relation of cost and
benefit) qualify as necessary conditions of purchase intention, while visibility
(i.e., an individual’s perception of the purchased good being visible to others)
does not.
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3.5 Operations and supply chain management

Already in 2010, Dul et al. explored the prevalence of necessity statements in opera-
tions management and identified 32 studies with necessary condition statements.
These statements were particularly common in studies on the determinants of the
successful implementation of operations management practices such as total qual-
ity management, business process reengineering, just in time flow, and enterprise
resource planning (Dul et al. 2010). Extending this work, Bokrantz and Dul (2022)
propose the application of NCA to supply chain management, with a particular
focus on developing necessity theories in supply chain management. Their literature
review identified 92 papers that contained statements about necessity, underscoring
the high relevance of necessity theory in supply chain management. The range of
topics covered in the field is huge. For example, studies cover typical relationships
and exchanges among firms in the supply chain, such as internal and external col-
laboration or supply chain responsiveness. Other studies integrate concepts or mech-
anisms from general theory in necessary conditions related to operations and supply
chain management. Among those is the study of absorptive capacity or the appli-
ance of the resource-based view.

An early application of NCA in operations has been provided by Knol et al.
(2018) who examined critical success factors for implementing lean practices in
small- and medium-sized firms. The authors identified 12 critical success factors,
namely top management support, shared improvement vision, good communication,
leadership, people focus, learning focus, sufficient resources, improvement training,
performance measurement system, supplier link, customer link and support congru-
ence. Findings indicate that the 12 conditions are necessary for the implementation
of lean practices. Notably, the authors used an earlier version of NCA which did
not yet include a statistical test to reduce the risk of false positives (Dul 2020). In
a more recent application of NCA, Bokhorst et al. (2022) analyzed whether the use
of lean principles is necessary for the use of smart technology. Their findings show
that smart manufacturing technologies like work-on-screen, product tracking, MES
systems and flexible automation require the presence of lean principles.

Stek and Schiele (2021) analyzed which skills of purchasing and supply manage-
ment professionals are necessary to be successful. The authors identified 15 different
skills and analyzed exploratively which of the skills are necessary to achieve dif-
ferent outcomes (i. e. reducing costs and improving delivery, quality, sustainabil-
ity, strategic competitive advantage, supplier satisfaction and innovation). Results
revealed that different skills are needed depending on the objective.

3.6 Public and nonprofit management

Researchers in public and nonprofit management have only recently begun to apply
NCA, with a focus on HRM and organizational behavior. Abner et al. (2022), for
example, aim to identify the organizational conditions that are necessary for high
employee engagement and satisfaction in the public sector. Their findings reveal that
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certain levels of empowerment, effective senior leadership, effective leadership by
supervisors, employee skills—mission match, pay, teamwork, innovation, work-life
balance, and recognition are necessary for high levels of employee engagement and
satisfaction. Blom et al. (2022) hypothesize that HRM autonomy is necessary for
HRM integration and that HRM integration is necessary for HRM performance in
government agencies. NCA results support both hypotheses.

3.7 Strategic management

In strategic management, NCA is applied to different topics including the necessity
of organizational resources, the constraints of specific market conditions, or the need
of adopting specific strategic orientations to be successful. Tho (2018), for exam-
ple, applied the resource-based view to study whether marketing and innovativeness
capabilities are necessary conditions for firm performance. Findings indicate that
business relationship quality, responsiveness to customers, responsiveness to com-
petitors, responsiveness to the macro-environment and innovativeness capability are
necessary for high firm performance.

Bouncken et al. (2020a) research different configurations of value capture (in
terms of sales) in inter-firm coopetition arrangements. They complement their
fsQCA study by applying NCA. Results indicate that market overlap represents a
necessary condition for the focal firm achieving sales from the coopetition arrange-
ment. Klimas et al. (2022) study strategic frames for the adoption of coopetition
strategies. They find that customer demands are the only single cause necessary for
all internal coopetition factors revealing its key influence on coopetition. Further-
more, the NCA results reveal that the internal availability of resources shapes a sin-
gle necessary condition for the external coopetition.

Regarding the necessity of specific strategic orientations, Tho (2019) found that
strategic orientations, such as learning orientation and the entrepreneurial orienta-
tion’s components of market orientation and proactiveness are necessary conditions
for firm innovativeness. Similar, Du and Kim (2021) tested whether market orienta-
tion, political networking and entrepreneurial orientation are necessary for high new
venture performance, but did not find substantial effects.

3.8 Technology and innovation management

In the field or technology and innovation management we see a huge variety of NCA
applications. Several studies have applied NCA to identify necessary conditions for
technology acceptance. Kopplin et al. (2022), for example, use an extended tech-
nology acceptance model for matchmaking tools in coworking spaces. Coworking
spaces host often unrelated workers and entrepreneurs. For enfolding positive influ-
ence on work satisfaction, community feeling, creativity, and innovation these cow-
orkers, often from different affiliations, need to get together. This is where match-
making tools kick in. Results reveal that the behavioral intention of using these tools
will only be high if three necessary conditions are met, namely performance expec-
tancy, effort expectancy and hedonic motivation. Similar, Richter et al. (2020b)

@ Springer



Necessary condition analysis (NCA): review of research topics... 697

show that emotional value, ease of use, perceived usefulness and compatibility form
necessary conditions for the adoption intention of e-books. Lyu et al. (2022) analyze
the simultaneous and countervailing influence of appreciation and fatigue when cus-
tomers use mobile banking apps. The study is anchored in technology task fit theory
and expectancy disconfirmation theory. Results reveal that lifestyle fit, function fit
and non-core features are necessary conditions for appreciation. Furthermore, appre-
ciation is a significant necessary condition for app use.

Gantert et al. (2022) study makerspaces which they perceive as genuine places
of creativity and collaboration. As these places relate to open exchanges and help
among individuals, makerspaces might have important linkages to the individual
or the spaces’ moral foundations. The authors found that moral foundations which
‘regulate’ the social interaction are a necessary condition of low and high innova-
tiveness. In contrast and surprisingly, the technical facilities of makerspaces are not
necessary at all for innovation. Differently, Zheng et al. (2022) show that operating
mechanisms are needed for the innovativeness of a makerspace. In particular, their
NCA results reveal that a high number of service functions and a high number of
channels for resource gathering are necessary for makerspaces to achieve high inno-
vation performance.

3.9 Tourism and hospitality management

Researchers in the field of tourism and hospitality have increasingly been attracted
by NCA (Dul 2022b; Téth et al. 2019). Studies on experiences and decisions of
tourists have especially drawn attention of a necessity perspective. For example,
Lee and Jeong (2020) studied whether hedonia (including positive affect, negative
affect, carefreeness, and hedonic enjoyment) is necessary for eudaimonia (including
meaning, self-connectedness, accomplishment, and personal expressiveness) in the
context of tourist experiences. Results reveal that tourist hedonic experiences are
necessary for eudaimonic experiences (except for negative affect). In another study,
Lee et al. (2022) hypothesize that low perceived risks are necessary conditions for
high travel intention. Findings support this assumption: low facility, functional,
socio-cultural, physical and political terror risks are each necessary for high travel
intentions.

Tourism research has also applied NCA to better understand organizational strat-
egies. For example, Della Corte et al. (2021) examined the collaboration among
high-end hotels in tourist destinations. Their findings indicate that relational capa-
bility can be considered a necessary condition for the propensity to collaboration.
In contrast, the effect size for individual capability did not turn out to be significant.
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4 Guidelines for good NCA practice

Our review has shown that NCA has been applied or suggested for a broad variety
of topics. It highlights the flexibility and potential of NCA applications. To support
researchers with their future NCA studies and to ensure a high quality of these stud-
ies, we present several guidelines in the following. The overall set of guidelines is

shown in Table 2.

Table 2 Basic guidelines for good NCA practice

Topic

Guidelines

Theoretical justification

Meaningful data

Scatter plot

Ceiling line

Effect size
Statistical test

Bottleneck analysis
(necessity in degree)

Descriptions of NCA

Explain why X is necessary for Y

Formulate the relationship between X and Y in terms of a necessity hypothesis
(e.g., in terms of ‘X is necessary for Y’)

In explorative research, theoretically justify a necessary condition that is found
ex post

Use a good sample
Use valid and reliable scores of X and Y (e.g., by using common approaches
for evaluation of validity and reliability)

Show the scatter plot (or contingency table) of all conditions that are evaluated
for necessity
Visually inspect the scatter plot (e.g., pattern of the border, potential outliers)

Select the ceiling(s) based on the number of levels of X and Y and the expected
or visually observed (non-)linearity of the border

Only show the selected ceiling lines in the scatter plot. Do not show the two
(default) ceiling lines if these are not selected for the analysis

Report the estimated effect size
Evaluate the practical relevance of the effect size (e.g., threshold level > 0.1)

Report the estimated p value
Evaluate the statistical relevance of the effect size (e.g., threshold level <0.05)

Present the bottleneck table for the non-rejected necessary conditions
Decide how to present the bottleneck table (e.g., percentage of range, actual
values, percentiles)

Refer to NCA as a method (including logic/theory, data analysis and statistical
testing), not just as a statistical tool or data analysis technique

Acknowledge that
o NCA'’s necessity analysis differs from fsQCA’s necessity analysis
o NCA differs from a ‘moderation analysis’ in regression analysis
o NCA is not a robustness test for other methods

Properly describe elements of NCA, e.g.
o Use only necessity wordings to describe the necessity relationship between
X and Y (avoid imprecise or general words like (cor)related, associated, and
incorrect sufficiency-based words like produce, explain)
o Refer to NCA'’s statistical test as a permutation test (avoid incorrect descrip-
tions like bootstrapping, (Monte Carlo) simulation, robustness check, or
t-test)
o Use the name ‘multiple NCA’ or ‘multiple bivariate NCA’ rather than ‘mul-
tivariate NCA’ when several conditions are analyzed in one run
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4.1 Theoretical justification

NCA describes causal relationships between X and Y in terms of ‘necessary but
not sufficient’. When applying NCA, the relationship of interest must be explicitly
understood and described as a necessity relationship.

Explain why X can be necessary for Y.

Although we acknowledge that there are differences between disciplines, we
suggest that the first step (an exception is exploratory research, see below) in
NCA should provide a theoretical justification of the necessary relationship by
explaining why X is necessary for Y. This can be done by answering why cases
with the outcome will almost always have the condition, why cases without the
condition rarely have the outcome, and why the absence of the condition cannot
be compensated or substituted by another factor (Bokrantz and Dul 2022; Richter
and Hauff 2022). Because theories seldom hold universally, also the theoretical
domain (sometimes called ‘context’ or ‘boundary conditions’) where the neces-
sary condition hypothesis is supposed to hold should be specified.

e Formulate the relationship between X and Y in terms of necessity hypothesis
(e.g., in terms of ‘X is necessary for Y’).

A hypothesis usually assumes a causal relationship including that X existed
before Y was present (temporal requirement of causality). Two formats for a nec-
essary condition hypothesis are possible. In the ‘necessity’ or ‘enabling’ format
‘the presence of X is necessary for the presence of Y’ and in the ‘sufficiency’
or ‘constraint’ format ‘the absence of X is sufficient for the absence of Y’. The
necessity format is the most common, and hypotheses are often formulated as
simple as ‘X is necessary for Y’ implying that the presence (or a high level) of
X is necessary for the presence (or a high level) of Y. Notably, also the necessity
format can refer to absence/low level of X and Y or to a combination of the pres-
ence/high level or absence/low level of X and Y. For example, researchers can
assume that the presence/high level of X is necessary for the absence/low level of
Y, or that the absence/low level of X is necessary for the presence/high level of Y
(see also below).

e In explorative research, theoretically justify a necessary condition that is found in
explorative research ex post.

A theoretical justification of necessary conditions is not only important in theory-
testing research before the empirical test is done, but also in theory-building and
exploratory research. Then the theoretical justification follows the empirical data
which has been analyzed and potential necessary conditions identified. For exam-
ple, when data mining is done with ‘big data’ most likely relationship that look like
necessity will be identified but are actually meaningless or trivial. Thus, also in
explorative research, we suggest to always explain identified necessary conditions
as described above (i.e., explain why the condition will be present if the outcome
is present, why the outcome cannot be achieved without the condition, and why the
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absence of the condition cannot be compensated by another factor). Like for any
other type of cause-effect relations, causality cannot be observed from data only,
which highlights the importance of theoretical justification.

4.2 Meaningful data

The quality of any data analysis depends on the quality of the data. NCA does
not put additional requirements on the quality of the data but demands the same
standards as of other empirical studies.

e Use a good sample.

Technically, NCA can be done with very small data sets (even n=1 is possi-
ble). This, however, does not preserve researchers to gather a good sample. Most
important, the cases should be selected such that they represent a larger set of
cases (i.e., a sample of cases representing a population of cases).

e Use valid and reliable scores of X and Y (e.g., by using common approaches
for evaluation of validity and reliability).

NCA is very flexible since it can handle (combinations of) dichotomous, dis-
crete and continuous variables (Dul 2020). X and Y can also be indicator scores,
construct or latent variable scores, factor scores, set membership scores, etc. (see
Richter et al. (2020b) on how to apply NCA with latent variables scores in struc-
tural equation models and Dul (2021) on how to apply NCA with set membership
scores). NCA requires, however, like any other data analysis technique, that the
scores are valid (i.e., they measure what they are supposed to measure) and reli-
able (i.e., the same value is achieved in repeated measuring) or otherwise mean-
ingful (e.g., calibrated set membership scores). Existing methods to assess the
validity and reliability of X and Y can be used. There are no new requirements
from the perspective of NCA.

4.3 Scatter plot

The scatter plot is an important graphical tool for NCA for different reasons.
First, NCA evaluates bivariate relationships and scatter plots represent such rela-
tionships. This allows a visual inspection of the possibility of a necessity rela-
tionship by identifying areas without observations (‘empty spaces’). Second, the
scatter plot assists with empirically selecting the functional form of the ceiling
line (e.g., Ronkko et al. 2022). Third, the scatter plot helps to identify possible
outliers (Aguinis et al. 2013). Given the importance of the scatter plot, research-
ers should consider some basic guidelines regarding its presentation.
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Y Y Y Y
0 0 0 0
0 1 0 1 0 1 0 1
X X X X
A B C D
High X is necessary Low X is necessary High X is necessary Low X is necessary
for high Y for high Y for low Y for low Y

Fig. 2 Different expressions of necessity hypotheses. Source Dul (2020)

e Show the scatter plot (or contingency table) of all conditions that are evalu-
ated for necessity.

For the three reasons mentioned, we suggest presenting the scatter plot of all
bivariate relationships that are evaluated for necessity. This applies not only to
scatter plots of confirmed necessity relations, but also to scatter plots with dis-
confirmed necessity relations.

e Visually inspect the scatter plot (e.g., pattern of the border, potential outliers).

The first visual inspection is a check if an empty space exists in the corner
that is expected to be empty given the necessity hypothesis. If the hypothesis is
formulated as ‘the presence of X is necessary for the presence of Y’, then the
expected empty space is in the upper left corner (Fig. 2, Panel A). If the hypoth-
esis is formulated as ‘the absence of X is necessary for the presence of Y’, then
the expected empty space is in the upper right corner (Fig. 2, Panel B). If the
hypothesis is formulated as ‘the presence of X is necessary for the absence of Y’,
the expected empty space is in the lower left corner (Fig. 2, Panel C), and if the
hypothesis is formulated as ‘the absence of X is necessary for the absence of Y’,
the expected empty space is in the lower right corner (Fig. 2, Panel D).

The second visual inspection is an evaluation of the border between the empty
and the full space. This allows for empirically selecting the functional form of
ceiling line (linear or non-linear, see below).

The third visual inspection is meant for identifying outliers. Potential outliers
are observations (cases) in the scatter plot that are used for drawing the ceiling
line (‘ceiling outliers’), or cases that define the minimum of maximum X and
Y values (‘scope outliers’). Outliers have a large influence on the effect size if
removed and should be treated with particular care in the context of NCA. If
outliers result from errors in the data collection process (e.g., sampling errors,
measurement errors) they should be removed from the analysis. If this can be
excluded, outliers can be particular cases that might help to better understand
the research phenomenon (Gibbert et al. 2021). This applies in particularly when
studying necessary conditions since an outlier in the otherwise empty space can
represent a “best case” where a high level of the desired outcome can exist with-
out the condition or with a comparatively low level of the condition. It is possible
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to apply NCA while allowing a few outliers (for more details about outlier analy-
sis with NCA see Dul (2021)).

4.4 Ceiling line

The ceiling line divides the areas with and without observations in the scatter
plot. For most applications one of the default lines (CE-FDH or CR-FDH) is
appropriate.

e Select the ceiling(s) based on the number of levels of X and Y and the
expected or visually observed (non-)linearity of the border.

The guideline is to select a ceiling line and justify the choice. The Ceiling
Envelopment—Free Disposal Hull (CE-FDH) line can be used when X or Y are
discrete with a low number of levels or when the pattern of points near the border
is irregular. The Ceiling Regression—Free Disposal Hull (CR-FDH) can be used
when X and Y are continuous or discrete with many levels, when the pattern of
points near the border is approximately linear, or when it is assumed that the the-
oretical ceiling line is a straight line (Dul 2016b, 2020). If the choice is difficult,
(e.g., when the variables are discrete with moderate number of levels, or when the
border is only a bit irregular without a specific expectation for the population), it
is possible to perform the analysis with both default ceiling lines, for testing the
robustness of the analysis by comparing the results.

For certain specific purposes a non-default ceiling line could be selected. For
example, the Ceiling Envelopment—Varying Return to Scale (CE-VRS) ceiling
technique could be used when the maximum value of outcome Y diminishes with
increasing X. When perfect data are assumed without measurement error, as for
example in most Monte Carlo simulation studies, the Ceiling—Linear Program-
ming (C-LP) line could be useful as an alternative (Dul 2021).

e Show the selected ceiling lines in the scatter plot. Do not show (default) ceil-
ing lines if these are not selected for the analysis.

The ceiling lines shown in scatter plots should correspond to the ceiling lines
that are used for the analysis. Therefore, we suggest that to only display the ceil-
ing lines that are considered appropriate for the analysis.

4.5 Effectsize

The effect is the size of the space above the ceiling line (ceiling zone) as a frac-
tion of the scope. The scope is the total zone where observations can be expected
given the minimum and maximum observed values of X and Y (empirical scope)
or theoretically possible values of X and Y (theoretical scope). By default,
NCA uses the empirical scope. However, there may be good reasons to use the
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theoretical scope to be able to compare the same phenomenon in different situ-
ations (e.g., different moments in time) or when the theoretical scope is known
(e.g., in Monte Carlo simulations or when NCA is used with set membership
scores). The choice for a theoretical scope should be justified since the effect size
is usually larger with the theoretical scope and there is the risk of overestimating
the effect size (Dul 2020).

e Report the estimated effect size.

The first guideline for the effect size is to report the effect size of all relationships
that have been tested for necessity. We recommended to express effect sizes with an
accuracy of two digits after the decimal point.

e Evaluate the practical relevance of the effect size (e.g., threshold level >0.1).

The second guideline for the effect size is to evaluate its practical relevance. The
effect size (d) can be classified as follows: small effect sizes 0 <d<0.1, medium
0.1<d<0.3, large effect size 0.3<d<0.5, and very large effect size>0.5 (Dul
2016b). Building on this classification, an effect size greater than or equal to 0.1
is often considered to be practically relevant. This can be seen as a general guide-
line. However, the researcher’s judgment about the practical relevance you might
also need to include that i) an effect size greater than 0.1 might not be practical
relevant if higher levels of the outcome are not constrained by the condition (i.e.,
only lower levels of Y are constrained by X), ii) the magnitude of the effect size is
not automatically an indicator of higher practical relevance since a small effect size
can be equally relevant like a large effect size (i.e., if a small level of X is needed for
the desired level of Y), iii) the practical relevance of the effect size depends on the
specific context. Ultimately, it is a judgement by the researcher to consider the effect
size as practically relevant or not. If such judgement is difficult, often the general
guideline is used.

4.6 Statistical test

NCA'’s statistical test is a test of the randomness of the effect size using approximate
permutation that resamples from the permutation distribution. The test evaluates the
probability p that the empty space is a random result of two unrelated variables. The
p value helps to avoid making the false positive conclusion that the empty space
is caused by necessity whereas actually it is a random result of unrelated variables
(Dul et al. 2020).

e Report the estimated p value.
The first guideline for the statistical test is to report the p value for each tested

relationship. If computation time allows, we recommend using at least 10,000
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resamples for acceptable accuracy of the estimated p value. We also recommend
expressing the p value with an accuracy of three digits after the decimal point.

e Evaluate the statistical relevance of the effect size (e.g., threshold level < 0.05).

The statistical relevance of the effect size can be evaluated with the p value. A
low p value represents a statistically significant result. The meaning of ‘low’ is
judged by the researcher. Usually, a p value less than or equal to 0.05 is considered
as a statistically significant result.

4.7 Bottleneck analysis

The bottleneck analysis is an analysis of necessity in degree: ‘level X of X is neces-
sary for level Y, of Y’ with X being the critical level of X and Y, being the desired
level of Y. The bottleneck analysis can be done with the bottleneck table.

e Present the bottleneck table for the non-rejected necessary conditions.

Our first guideline regarding the bottleneck table is to not include conditions that
are rejected as necessary conditions. A bottleneck analysis for evaluating necessity
in degree is only useful when there is theoretical and empirical support for a sup-
posed necessary condition. In other words, when all three criteria for concluding
about necessity in kind are satisfied (i.e., theoretical justification, large effect size,
small p value), the necessity in degree can be evaluated with a bottleneck analysis.

e Decide how to present the bottleneck table

The levels of X and Y in the bottleneck table can be expressed as percentage of
range, actual values, percentiles or percentage of maximum (Dul 2021). Depending
on the option, the bottleneck table contains different information (see Table 3). In
the default bottleneck table, the levels of Y and X’s are expressed as percentages of
their respective ranges, were a level of 0% of the range corresponds to the minimum
level, and 100% the maximum level of X and Y. Often researchers use this default
not referring to the other options. However, depending on the research question and
the indented practical insights, using actual values or percentiles might be advanta-
geous and, arguably, more insightful. Actual values are the values of X and Y as they
are represented in the original dataset and the scatter plot. Thus, using actual values
can help to better relate to the original measurement of X and Y and to better com-
pare the results in the bottleneck table with the scatter plot results. The conditions
can also be displayed as percentiles, which provides the percentage and number of
cases that do not reach the required level for a corresponding level of the outcome.
This is helpful in identifying important necessary conditions for a group of cases
(i.e., conditions where a high percentage of cases in a sample has not reached the
required level). Building on these considerations, we suggest not to automatically
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use the default option but decide how to best present the bottleneck table. Notably,
this also regards to the question of the steps in the bottleneck table. By default, the
bottleneck table has ten steps. It is possible to adjust these steps for a better repre-
sentation of the results. Furthermore, it is possible to select specific actual values for
the outcome.

4.8 Descriptions of NCA

As NCA is a relatively new method, different elements of the method should be
properly described and several incorrect descriptions avoided.

e Refer to NCA as a method (including logic/theory, data analysis and statistical
testing), not just as a statistical tool.

NCA is not just a statistical tool. NCA is a method that includes theorizing
about necessity logic, data analysis technique, and statistical testing. In other
words, the analysis of necessary conditions should not be reduced to applying a
statistical tool. Running the analysis without thinking about the causal relations is
not appropriate.

e Acknowledgements that NCA’s necessity analysis differs from fsQCA’s neces-
sity analysis.

The necessity analysis of fuzzy-set qualitative comparative analysis (fsQCA) is
not the same as the necessity analysis of NCA (Vis and Dul 2018). The main dif-
ferences are that a) NCA identifies both necessity in kind and necessity in degree
whereas QCA only necessity in kind, that b) NCA normally uses variable scores
whereas QCA is a set theoretic method that can only use set membership scores.
Thus, the necessity analysis of NCA should not be confused with fsQCA’s neces-
sity analysis (for the usage of fSQCA in business and management research see
also, e.g., Kraus et al. 2018; Kumar et al. 2022). QCA’s necessity analysis should
not be abbreviated as ‘NCA’ to avoid this confusion (Dul 2022b).

e Acknowledge that NCA differs from moderation analysis in regression analy-
sis.

A necessary condition in NCA should also not be confused with a moderator
in regression analysis. A moderator refers to a contingent or multiplicative rela-
tion where the average effect of one independent variable on the outcome depends
on another independent variable called a moderator (e.g., Gardner et al. 2017). A
moderator could be considered a necessary condition for a positive/negative average
relation between X and Y, but this is not a necessary condition for the outcome Y.
NCA analyses necessary conditions for the outcome. In order to illustrate the dif-
ference, consider the formula for a regression line with an interaction term: Y =a
+b,-X+b,M+b;-X-M+e€ where M is the moderator, a is the intercept, b’s are the
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slopes, and € is the error term. The formula illustrates that the (average) effect of X
on Y might depend on M. The moderator is, however, not a necessary condition for
Y since Y can still exist when M is zero. This does not correspond to the logic of
necessity, according to which the absence of the necessary condition prevents the
existence of the outcome, regardless of other conditions (Hauff et al. 2021).

e Acknowledge that NCA is not a robustness for other methods.

When NCA is used in multimethod research in combination with other meth-
ods like regression analysis, SEM or QCA, then NCA should not be described as
a robustness test for the other method. NCA does not confirm or disconfirm the
analysis of the other method. Instead, it complements the other method. NCA is an
additional analysis based on a different causality and data analysis that complements
other methods.

e Use only necessity wordings to describe the necessity relationship between X
and Y (avoid imprecise or general words like (cor)related, associated, and incor-
rect sufficiency-based words like produce, explain).

An important guideline is to use only necessity wordings for describing the neces-
sity relationship between X and Y. Necessity can be described in multiple ways, but
there are specific words to do so (see Table 4). Not seldom researchers who apply
NCA use imprecise or general words like ‘(cor)related’ or ‘associated’, and suffi-
ciency-based words like ‘produce’ or ‘explain’ to describe the necessity relationship.
This should be avoided.

e Refer to NCA’s statistical test as a permutation test (avoid incorrect descriptions
like bootstrapping, (Monte Carlo) simulation, robustness check, or t-test).

Table 4 Common words representing necessity logic. Source Dul (2020)

Enablers (the presence of X is necessary for the pres- Constraints (the absence of X is sufficient for the

ence of Y) absence of Y)

X is necessary for Y X constrains Y

X enables Y X limits Y

X is needed for Y X blocks Y

X is critical for Y X bounds Y

X is crucial for Y X stops Y

X is essential for Y X restricts Y

X is indispensable for Y X is a barrier for Y

X is a prerequisite for Y X is a bottleneck for Y

X is a requirement for Y Without X there cannot be Y
X is a conditio sine qua non for Y Absence of X is sufficient for absence of Y
X is a precondition for Y

X allows Y

There must be X to have Y

Y requires X
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NCA'’s statistical test is an (approximate) permutation test (Dul et al. 2020). It
should be referred to as such and not as bootstrapping, (Monte Carlo) simulation,
robustness check, t-test, etc. These incorrect names do not represent what the NCA
test actually performs.

e Use the name ‘multiple NCA’ or ‘multiple bivariate NCA’ rather than ‘multivari-
ate NCA’ when several conditions are analyzed in one run.

When multiple necessary conditions are analyzed, such analysis can be called a
‘multiple NCA’ or ‘multiple bivariate NCA’ rather than ‘multivariate NCA’ (Dul
2021). The term ‘multivariate’ suggests that the necessity of a condition may depend
on another condition. In NCA, the conditions are independent and multiple analyses
can be done for each condition separately. For example, multiple conditions might
be necessary to except a technology (e.g., emotional value, ease of use, perceived
usefulness, and compatibility). The necessity of one of these conditions is independ-
ent of the necessity of another condition or of other causal factors. Therefore, NCA
is always a binary analysis even if multiple necessary conditions are analyzed.

5 Conclusions

Research on NCA has been proliferating in several fields. This article identifies sev-
eral topics, on which NCA has shown to deliver important insights or perspectives
for future research, especially when applied properly. Therewith, we confirm Gary
Goertz’s assumption that any research field contains important necessary condition
hypotheses (Goertz and Starr 2003). NCA has the potential to produce new theo-
retical and practical insights value (e.g., Aguinis et al. 2022; Bergh et al. 2022), and
therefore we expect more NCA applications in the identified business and manage-
ment fields, and beyond. To support researchers in their future NCA studies and to
ensure the quality of future research with NCA, this paper proposes a list of basic
guidelines for good NCA practice which are generic, and yet specific enough to be
readily applicable. Notably, these guidelines represent the current state of the art.
However, NCA is still a young method with great potential for applications. Future
developments could therefore lead to an update of these guidelines—always with the
goal of good NCA practice in mind.
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