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Abstract

Narcissism is most appropriately conceptualized not as a fixed biological condition, but as a multidimensional 
pattern of self-regulation, interpersonal functioning, and context-sensitive self-evaluation. This theoretical study 
critically re-examines the genetic, epigenetic, and neurobiological literature on narcissism. Rather than treating 
genetic and environmental factors as independent or additive causes, the paper argues that existing findings are 
more adequately interpreted as evidence of differential sensitivity, developmental plasticity, and socially organized 
behavioral regulation. Twin and family studies indicate moderate heritability, yet the magnitude and interpretation 
of these estimates vary across instruments, narcissistic subtypes, populations, and developmental contexts. Molecular 
genetic findings remain preliminary, candidate-gene approaches have yielded limited reproducibility, and available 
genome-wide evidence does not support a simple genetic explanation of complex personality phenotypes. Epigenetic 
and neurobiological findings are therefore most informative when interpreted as mechanisms through which 
developmental experience may become biologically embedded over time. The study proposes a model in which 
biological sensitivity, learning history, social contingencies, cultural reinforcement, and interpersonal feedback 
jointly organize grandiose and vulnerable narcissistic patterns. This framework preserves the relevance of biological 
evidence while avoiding genetic determinism and provides a stronger conceptual basis for longitudinal, multimethod, 
and ethically responsible research.
Keywords: Narcissism, behavioral genetics, gene-environment interplay, epigenetics, neurobiology, personality 

development.

How to cite this paper: Çobanoğulları H, Yababa YC, Şah F, Koyutürk B, & Ergören MÇ (2026). 
Gene-Environment Interplay in Narcissism: A Critical Analysis of Behavioral Genetics and Neuroscience. 
International Journal of Psychology & Psychological Therapy, 26, 3, 361-370.

Narcissism is not a unitary construct and is unlikely to be explained by a single 
etiological pathway. In non-clinical contexts, narcissistic features may appear as confidence, 
ambition, self-promotion or heightened sensitivity to recognition; in more maladaptive 
contexts, they may involve entitlement, shame sensitivity, interpersonal exploitation or 

Novelty and Significance
What is already known about the topic?
•	 Narcissistic traits show moderate heritability in twin and family studies, but estimates vary according to subtype, instrument, 

population, and developmental period. 
•	 Grandiose and vulnerable narcissism differ in emotional tone, interpersonal function, clinical relevance, and moment-to-

moment expression.
•	 Molecular genetics, epigenetic, and neurobiological findings remain preliminary and require cautious interpretation within 

developmental and social contexts.

What this paper add?

•	 Reframes genetic evidence as a source of hypotheses about differential sensitivity, rather than proof of a direct, isolated 
genetic origin of narcissism.

•	 Integrates behavioral genetics with core concepts like learning history, reinforcement, social contingencies, and reciprocal 
feedback loops.

•	 Proposes a non-reductionist research agenda that treats narcissism as a developmental repertoire emerging from biological 
plasticity within socially organized contexts.
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fragile self-worth. Grandiose and vulnerable expressions frequently overlap, fluctuate 
across situations and acquire psychological significance within developmental histories 
in which particular forms of self-regulation are reinforced (Cain, Pincus, & Ansell, 
2008; Krizan & Herlache, 2018; Pincus & Lukowitsky, 2010).

This conceptual heterogeneity makes narcissism a challenging target for behavioral 
genetics and neuroscience. A heritability estimate derived from one instrument cannot 
be generalized uncritically to another subtype, developmental period, or cultural setting. 
For example, the Narcissistic Personality Inventory primarily captures grandiose and 
agentic tendencies, whereas measures such as the Hypersensitive Narcissism Scale are 
more sensitive to vulnerable forms of narcissism (Raskin & Hall, 1979; Hendin & 
Cheek, 1997). Similarly, a neural association observed in one sample should not be 
interpreted as a stable biological signature of the entire phenotype. The literature is 
further complicated by the frequent use of overlapping constructs, including antagonism, 
dark-triad traits, self-esteem instability, and reward sensitivity, rather than narcissism 
as a clearly specified construct (Miller, Lynam, Hyatt, & Campbell, 2017; Miller, Vize, 
Crowe, & Lynam, 2019).

The purpose of this article is to reconsider what current biological evidence 
can and cannot justify. The conventional question of whether narcissism is caused by 
genes or by environment is insufficient for contemporary behavioral science. Genes 
do not operate outside developmental systems; environments do not act on organisms 
that are biologically identical; and behavioral phenotypes are shaped through histories 
of reinforcement, social evaluation, cultural expectation, and interpersonal feedback. 
The more theoretically useful question is therefore not whether narcissism is genetic, 
but how biological sensitivity becomes organized through learning histories and social 
contingencies. 

Narcissism as a Contextual and Dimensional Phenotype

Conceptual clarity is a prerequisite for an adequate biological account of narcissism. 
Grandiose narcissism is commonly associated with assertiveness, dominance, entitlement, 
reward seeking, and interpersonal exploitation, whereas vulnerable narcissism is more 
strongly associated with shame, defensiveness, hypersensitivity to evaluation, social 
withdrawal, and emotional distress (Cain et alii, 2008; Krizan & Herlache, 2018). These 
dimensions should not be treated merely as different degrees of the same trait. They 
may involve distinct affective states, interpersonal strategies, regulatory functions, and 
developmental histories.

The distinction between trait narcissism and narcissistic personality disorder is 
equally important. Clinical diagnosis involves impairment, rigidity, and cross-contextual 
dysfunction, whereas subclinical traits may be flexible, situational, and sometimes 
socially rewarded. Behavioral genetic research is usually more powerful when traits are 
measured dimensionally, but dimensional measurement can also make temporary states, 
cultural performances, and context-specific strategies look like stable internal dispositions. 
Momentary-assessment studies showing fluctuations in grandiose and vulnerable states 
support the view that narcissism should be studied as both trait-like and state-like 
(Edershile & Wright, 2021; Edershile, Szücs, Dombrovski, & Wright, 2024).

For this reason, the phenotype cannot be reduced to a heritable trait score. A 
boastful response may obtain admiration in one setting, conceal insecurity in another, and 
prevent exposure to shame in a third. The same observable behavior may therefore serve 
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different functions across contexts. Conversely, different behaviors may serve the same 
function when they reduce threat, secure validation, or restore a threatened self-image. 
This functional heterogeneity has direct implications for genetic interpretation: a single 
genetic or neurobiological explanation is unlikely to capture the diverse contingencies 
that maintain narcissistic patterns.

As shown in Table 1, the revised argument does not reject biological evidence. It 
changes the level at which this evidence is interpreted. Genetic and neural findings are 
treated as indicators of sensitivity, developmental constraint, and regulatory plasticity 
rather than as direct explanations of narcissistic behavior.

Behavioral Genetic Evidence: Heritability as Description, Not Explanation
 
Twin and family studies remain the strongest source of evidence for biological 

contributions to narcissism. Across studies, narcissistic traits generally show moderate 
heritability, while non-shared environmental influences account for a substantial proportion 
of variance (Livesley, Jang, Jackson, & Vernon, 1993; Vernon, Villani, Vickers, & Harris, 
2008; Luo, Cai, & Song, 2014; Vukasović & Bratko, 2015). These findings are important 
because they indicate that individuals enter developmental contexts with different biological 
sensitivities and temperamental dispositions. Nevertheless, heritability estimates do not 
identify mechanisms, do not apply directly to individuals, and do not imply immutability 
(Polderman et alii, 2015; Plomin, DeFries, Knopik, & Neiderhiser, 2016).

Heritability is a population statistic. It estimates the proportion of variation in 
a measured phenotype that is associated with genetic differences within a particular 
population, at a particular historical time, and under a particular range of environments 
(Polderman et alii, 2015; Plomin et alii, 2016). A moderate heritability estimate for 
narcissistic traits therefore does not mean that a given person’s narcissism is 40% 
or 50% genetic. Nor does it mean that environmental change is unimportant. When 

 
Table 1. Critical interpretation of narcissism beyond genetic determinism. 

Domain Conventional framing Developmental and contextual 
interpretation Implication for interpretation 

Phenotype Narcissism as a stable 
internal trait or disorder. 

Narcissism as a dimensional and 
context-sensitive repertoire of self-
regulation and interpersonal behavior. 

Measurement must distinguish 
grandiose, vulnerable, clinical, and 
state-like expressions. 

Etiology 

Genetic and 
environmental factors as 
partly separable causal 
shares. 

Biological sensitivity and 
environmental contingencies as 
mutually organizing developmental 
processes. 

Heritability is descriptive and 
population-specific, not evidence 
of an isolated genetic cause. 

Molecular 
genetics 

Search for specific genes 
or loci explaining 
narcissism. 

Polygenic small effects embedded in 
social, cultural, and developmental 
conditions. 

GWAS and candidate-gene 
findings require cautious 
interpretation and cannot substitute 
for behavioral theory. 

Neurobiology 
Brain differences as 
causes of narcissistic 
traits. 

Neural and stress-system findings as 
correlates of plasticity, reward 
learning, threat regulation, and 
empathy-related processes. 

Biological findings should be 
linked to longitudinal behavior and 
environmental histories. 

Clinical 
translation 

Risk identification based 
on biological markers. 

Ethically cautious formulation focused 
on modifiable learning histories, 
relational consequences, and social 
contingencies. 

Avoid deterministic language and 
stigmatizing uses of genetic 
information. 
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a phenotype is context-sensitive, heritability can coexist with strong environmental 
responsiveness. Behavioral genetic findings should therefore refine hypotheses about 
differential sensitivity rather than assign etiological priority to genes.

A further limitation is the breadth of reported estimates. Studies differ in measures, 
sample characteristics, cultural settings, and the narcissistic dimension under study. Some 
estimates refer to agentic or grandiose narcissism, some to intrapersonal grandiosity or 
interpersonal entitlement, and others to broader dark-triad constructs (Vernon et alii, 2008; 
Ackerman et alii, 2011; Luo et alii, 2014). This variability is theoretically meaningful. 
It suggests that narcissism is not a single biological target but an umbrella term for 
related regulatory patterns whose genetic and environmental architecture may differ.

Non-shared environmental variance is especially important from a developmental 
and contextual perspective. This component may include peer relationships, differential 
parental responses, idiosyncratic learning histories, social comparison, online feedback, 
humiliation, success, failure, rejection, and admiration. It may also contain measurement 
error, but its repeated prominence across studies is consistent with the idea that siblings 
raised in the same household can develop different self-regulatory strategies because 
they experience different contingencies (Brummelman et alii, 2015; Turkheimer, 2012; 
Wetzel & Robins, 2016; Casale & Banchi, 2020). Table 2 clarifies why the present 
article is best framed as a critical theoretical synthesis. Its central contribution is not 
to argue that genetic evidence explains narcissism, but to specify the inferential limits 
of each evidence domain.
 

Table 2. What major evidence domains can and cannot support. 

Evidence domain Useful contribution Main limitation How it should inform critical 
interpretation 

Twin and family 
studies 

Estimate genetic and environmental 
variance components in measured 
traits. 

Do not identify specific 
mechanisms and depend on 
sample, context, and 
measurement. 

Generate hypotheses about 
differential sensitivity and 
environmental responsiveness. 

Candidate-gene 
studies 

Historically suggested links with 
reward, stress, or 
serotonin/dopamine pathways. 

Small samples, multiple 
testing, and weak replication 
limit credibility. 

Use only as background for 
plausible pathways, not as 
evidence of specific narcissism 
genes. 

GWAS and 
polygenic 
approaches 

Show that behavioral traits are 
highly polygenic and embedded in 
social measurement. 

No large, definitive GWAS 
of narcissism; effect sizes are 
small and phenotype 
definitions vary. 

Frame as a tool for studying 
population-level liability in 
combination with 
developmental moderators. 

Epigenetic 
research 

Explains how stress, adversity, and 
caregiving can alter gene expression 
systems related to regulation. 

Direct narcissism studies are 
scarce; findings are often 
indirect from stress or related 
traits. 

Treat as evidence for biological 
plasticity and developmental 
embedding of experience. 

Neuroimaging 

Identifies correlates of self-
referential processing, reward 
sensitivity, empathy, and emotional 
regulation. 

Cross-sectional designs 
cannot determine causality; 
samples are often small. 

Link brain findings to learning 
history and current 
interpersonal function. 

Longitudinal 
contextual 
research 

Clarifies how overvaluation, 
rejection, peer reinforcement, and 
culture shape narcissistic patterns. 

Often lacks biological 
measures and may not 
separate evoked from causal 
environmental effects. 

Use alongside genetic and 
neural data to clarify 
developmental and contextual 
influences. 
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Molecular Genetics and GWAS: From Locus Search to Social Science

Molecular genetic research on narcissism remains underdeveloped. Candidate-gene 
studies in related domains have examined variants associated with reward sensitivity, 
novelty seeking, serotonergic regulation, and stress reactivity, but this approach has 
been widely criticized for low power and poor replication in psychiatric and personality 
research (Duncan & Keller, 2011; Border et alii, 2019). For this reason, plausible bio-
logical pathways should not be mistaken for evidence of specific genes for narcissism.

The broader lesson from genome-wide association studies is also cautious. GWAS 
has transformed the study of complex traits by showing that psychological phenotypes 
are usually highly polygenic, with many variants of very small effect (Visscher et alii, 
2017). For personality traits such as neuroticism, very large samples are needed to iden-
tify loci, and even then, the results describe statistical associations rather than complete 
psychological mechanisms (Nagel et alii, 2018). For narcissism, the evidence base is 
still much weaker because of phenotype heterogeneity, inconsistent measurement, limited 
sample size, and the relative absence of large dedicated molecular studies.

Turkheimer (2012) argued that genome-wide association studies of behavior are 
also social science because behavioral phenotypes are defined, measured, and interpre-
ted within social contexts. This point is crucial for narcissism. Entitlement, admiration 
seeking, shame, dominance, and lack of empathy are not merely biological events; they 
are patterns of action evaluated in relation to other people. A molecular association with 
a broad narcissism score would therefore need interpretation through psychological and 
social theory, not apart from it.

The revised position is therefore not anti-genetic, but anti-reductionist. Genetic 
research may help identify differential susceptibility, temperamental sensitivity, or biolo-
gical constraints; however, it does not provide a stand-alone explanation of narcissistic 
behavior. For a complex and socially defined phenotype, molecular findings require 
interpretation in relation to measurement validity, contextual variation, developmental 
timing, and reproducibility.

Epigenetics and Neurobiology: Biological Plasticity in Context

Epigenetic evidence is frequently presented as a bridge between genes and 
environment. This metaphor is useful only if it is not interpreted deterministically. 
DNA methylation, histone modification, and related regulatory processes may indicate 
how environmental experience becomes biologically embedded, particularly within 
stress-regulation systems (McGowan et alii, 2009; Provençal & Binder, 2015; Turecki 
& Meaney, 2016). However, epigenetic changes are not simple records of experience, 
nor do they map directly onto complex personality constructs.

This evidence is most valuable when it supports a developmental plasticity 
model. A child exposed to chronic criticism, inconsistent care, or social humiliation may 
learn to monitor threat to self-worth, avoid vulnerability, or seek external validation. 
Biological stress systems may participate in this process, but the behavioral repertoire 
is shaped through interaction with caregivers, peers, and social institutions. Likewise, 
parental overvaluation can reinforce exceptional status and entitlement, particularly when 
praise is detached from realistic feedback and responsibility (Brummelman et alii, 2015; 
Cramer, 2011; Wetzel & Robins, 2016).

Neurobiological findings also require careful interpretation. Research has associated 
narcissistic traits with differences in self-referential processing, reward sensitivity, 
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empathy-related circuits, and emotion regulation (Schulze et alii, 2013; Jauk & Kanske, 
2021; Nenadić, Lorenz, & Gaser, 2021). These findings are consistent with models in 
which admiration, status, and social evaluation have strong motivational salience, while 
empathy and emotional attunement may be reduced or contextually modulated. However, 
most studies are cross-sectional and cannot determine whether neural differences precede 
narcissistic patterns, result from repeated interpersonal histories, or reflect reciprocal 
processes.

For a non-reductionist account, the critical issue is how neural systems participate in 
behavior over time. Reward circuits may increase sensitivity to admiration, but admiration 
must first acquire reinforcing value within a person’s developmental environment. 
Empathy-related networks may be relevant to interpersonal functioning, but empathic 
responding is also shaped by learning, relational safety, social norms, and consequences. 
Neurobiology therefore contributes to the model as evidence of plasticity and constraint, 
rather than as an independent causal account. 

A Critical Model of Gene-Environment Interplay

The model proposed here conceptualizes narcissism as an emergent developmental 
repertoire. Biological sensitivity may influence reward seeking, emotional reactivity, 
novelty seeking, social dominance, or sensitivity to rejection. These sensitivities interact 
with learning histories such as parental overvaluation, criticism, inconsistent caregiving, 
peer rejection, status reinforcement, and digital social comparison (Brummelman et alii, 
2015; Cramer, 2011; Wetzel & Robins, 2016; Casale & Banchi, 2020).

Grandiose narcissistic patterns may be strengthened when dominance, performance, 
attractiveness, achievement, or social media visibility reliably produce admiration and 
status. Vulnerable narcissistic patterns may be strengthened when withdrawal, defensive 
hostility, shame, or approval seeking reduces social threat or protects against exposure. 
These patterns may alternate within the same individual because they can serve related 
self-regulatory functions under different contextual conditions. Subtype-sensitive and 
context-sensitive research is therefore essential (Back et alii, 2013; Edershile & Wright, 
2021; Edershile et alii, 2024).

Culture plays a constitutive role in this model. Individualistic and competitive 
settings may reward overt self-promotion, whereas collectivistic or humility-oriented 
settings may suppress public grandiosity while leaving other narcissistic functions intact. 
Digital environments add a further layer by providing rapid, quantified feedback through 
likes, comments, visibility, and comparison. Such feedback systems are not merely 
contexts in which narcissism is expressed; they are contingencies that can shape and 
maintain narcissistic patterns (Cai, Kwan, & Sedikides, 2012; Casale & Banchi, 2020).

Ethical and Clinical Implications

Any revised account of narcissism should also be ethically cautious. Genetic 
language can be misunderstood as implying destiny, moral defect or biological inferiority 
and this risk is especially important for a stigmatized condition such as narcissistic 
personality disorder. The evidence reviewed here does not justify deterministic claims, 
predictive testing, or the reduction of a person’s relational history to biological liability 
(DeCamp & Sugarman, 2004; Pincus & Lukowitsky, 2010).
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Clinically, the value of a non-reductionist model (see Table 3) is that it directs 
attention toward modifiable processes. Intervention can target shame regulation, empathy, 
interpersonal consequences, flexible self-evaluation, and the functions served by grandiose 
or vulnerable responses. Biological sensitivity may help explain why some individuals 
are more reactive to status, admiration, rejection, or humiliation, but treatment remains 
centered on patterns of behavior and relational contexts that can change (Cain et alii, 
2008; Jauk & Kanske, 2021).

For research communication, authors should avoid formulations that imply a 
“gene for narcissism” or a fixed biological pathway. More precise language would 
state that genetic and neurobiological findings may contribute to the understanding of 
differential susceptibility, stress regulation, reward sensitivity, and social learning. This 
framing preserves scientific nuance and reduces the risk that behavioral genetics will be 
used to naturalize social inequality, excuse harmful behavior, or stigmatize vulnerable 
groups (DeCamp & Sugarman, 2004; Plomin, DeFries, Knopik, & Neiderhiser, 2016). 

Discussion

The central conclusion of this study is that current evidence does not support a 
specific, isolated, or privileged genetic origin of narcissism. Behavioral genetic studies 
indicate moderate heritability, but the breadth of reported estimates, the importance of 
measurement, the prominence of non-shared environmental variance, and the scarcity 
of direct molecular evidence all argue against a conventional gene-centered explanation. 
The most defensible interpretation is that biological factors can contribute to differential 
sensitivity within developmental contexts, rather than constituting a direct causal route 
to narcissistic personality (Livesley, Jang, Jackson, & Vernon, 1993; Vernon, Villani, 
Vickers, & Harris, 2008; Luo, Cai, & Song, 2014; Vukasović & Bratko, 2015).

This conclusion does not diminish the value of genetics; rather, it clarifies what 
genetic evidence can reasonably contribute. Heritability estimates demonstrate that 

 
Table 3. Research priorities for a non-reductionist science of narcissism. 

Priority Recommended approach Rationale 

Phenotype 
definition 

Use multidimensional measures that 
distinguish grandiose, vulnerable, communal, 
agentic, clinical, and state-like features. 

A broad total score can conceal different 
functions, developmental pathways, and 
biological correlates. 

Longitudinal 
design 

Follow children, adolescents, and adults across 
development with repeated assessments. 

Narcissistic patterns may emerge through 
cumulative feedback loops rather than single 
exposures. 

Gene-environment 
interplay 

Combine polygenic indices, temperament, 
parenting, peer processes, socioeconomic 
stress, and culture. 

Biological sensitivity is likely expressed 
differently under different environmental 
contingencies. 

Functional 
assessment 

Measure what narcissistic behaviors do in 
context: obtain admiration, avoid shame, 
control distance, retaliate, or regulate threat. 

Topographically similar behaviors may have 
different functions and therefore different 
developmental meanings. 

Ecological 
methods 

Use experience sampling, digital behavior, 
observational tasks, and informant reports. 

Narcissistic states fluctuate and may be 
misrepresented by one-time self-report 
measures. 

Ethical translation Communicate findings as probabilistic and 
context dependent. 

Prevents genetic determinism and supports 
intervention-focused interpretation. 
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individual differences are not reducible to shared family environment, and polygenic 
approaches may eventually identify forms of sensitivity relevant to reward processing, 
stress reactivity, novelty seeking, or emotional regulation. However, these findings require 
careful theoretical placement. They must be interpreted alongside the developmental 
and social systems in which self-evaluation, status striving, shame, and interpersonal 
control acquire functional significance (Polderman et alii, 2015; Plomin et alii, 2016; 
Turkheimer, 2012).

A functional or contextually oriented perspective could, for example, provide 
an alternative organizing framework for biological findings (Hayes, Barnes-Holmes, & 
Roche, 2001; Wilson & Hayes, 2018; Zettle, Hayes, Barnes-Holmes, & Biglan, 2016). 
It asks how biological sensitivity functions within a person’s learning history, how 
behavior is shaped and maintained by consequences, and how cultural systems assign 
value to self-promotion, entitlement, admiration, status, shame, and empathy. A child 
who is consistently rewarded for exceptionalism may acquire one repertoire; a child 
who is chronically criticized or humiliated may acquire another; and both repertoires 
may later be subsumed under the broad label of narcissism. This creates a conceptual 
problem for genetic studies unless phenotype definition is made more precise (Krizan 
& Herlache, 2018; Pincus & Lukowitsky, 2010).

The implications for future research are substantial. Studies should move beyond 
broad trait scores and cross-sectional designs, distinguish narcissistic subtypes, assess 
momentary fluctuations, collect data from multiple informants, and include behavioral 
observations where possible. Molecular or polygenic data will be most informative 
when combined with carefully measured environmental moderators such as parental 
overvaluation, neglect, peer rejection, status reinforcement, social media feedback, 
socioeconomic stress, and cultural norms (Brummelman et alii, 2015; Edershile & 
Wright, 2021; Edershile et alii, 2024; Visscher et alii, 2017).

Clinical translation should be similarly cautious. The aim is not to biologize 
narcissism, but to develop more precise and clinically useful formulations. Grandiosity 
may function as avoidance of shame, access to admiration, defense against dependency, 
or learned control of interpersonal uncertainty. Vulnerability may reflect threat sensitivity, 
a history of rejection, or instability in self-regulation. Biological sensitivity may 
contribute to these processes, but treatment targets the flexible modification of behavior, 
emotion regulation, relational patterns, and self-evaluation (Cain et alii, 2008; Pincus 
& Lukowitsky, 2010; Jauk & Kanske, 2021).

The present study has several limitations. It is a theoretical synthesis rather than a 
quantitative meta-analysis. Direct molecular and epigenetic studies of narcissism remain 
scarce, and much of the biological discussion must therefore draw cautiously from 
adjacent domains such as personality, stress regulation and emotional dysregulation. The 
literature also suffers from inconsistent terminology, variable measurement of narcissistic 
subtypes and limited cultural diversity. 

In conclusion, narcissism should be understood as a developmental and contextual 
phenomenon in which biological sensitivity, learning history, social reinforcement, cultural 
norms, and interpersonal feedback are continuously intertwined. Genetic evidence has 
heuristic value, but this value lies in helping to specify differential susceptibility and 
developmental plasticity, not in establishing a fixed biological essence of narcissism. 
A theoretically stronger science of narcissism will emerge when genetic, epigenetic, 
neurobiological, and behavioral evidence are interpreted within the social and functional 
conditions in which narcissistic patterns are learned, maintained, and potentially modified.  
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