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ABSTRACT 

TWIN STUDIES AND THE EQUAL ENVIRONMENTS ASSUMPTION – AN 

EVALUATION OF THE GENETIC HERITABILITY ACCOUNT OF BEHAVIOUR

Lillian M.W. Wood 

University of Guelph, 2020

Advisor(s): 

Dr Don Dedrick 

Dr Stefan Linquist 

In the study of behavioural heritability, a few methods have been used throughout history, 

beginning with the tracking of familial diseases, advancing into family studies, twin studies, 

adoption studies, and statistical ANOVA methods. These methods are discussed and evaluated for 

the strength of their support of the idea that behaviour is indeed heritable, and to what extent this 

is the case. Results show that, while great pains were taken to buttress these methods against 

epistemological scepticism, none have been able to fully and definitively prove the genetic 

heritability of behaviour, while there has been much said in criticism of the methods employed. 
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DEDICATION 

This work was undertaken during a time of my life where an important person to me was lost not 

only to me, but to us all. With the latter half being written during a worldwide pandemic, feelings 

like these may be made all the more ubiquitously palpable.  

As death, helplessness, perseverance, hope, and family were inevitably on my mind in such times, 

this project, and the irreplaceable time that went into it, is dedicated to the little flame that burns 

in all of us; to what can be accomplished by its tending; and, to the memory of those beloved 

friends and family for whom it has tragically been snuffed out too soon. 

I am no practiced poet, least not with meter and rhyme, yet mere words did not the due emotion 

convey; and so, on the remains of this page, one will find a meek and clumsy thing, penned with 

a solemn heart in the marking of this time of our lives, when the emotions I spoke of earlier may 

be all too common in all of us.  

Above everything, in troubled times, we must cling to that which keeps us going, whatever that 

may be. And, in the absence of such things we might call our own, to others who can carry the 

torch, or all will be lost. 

 

May those whom in darkened lands roam, 

On ashen wings be flown; 

Toward faint light beckoning home, 

With flame proudly your own. 

Yet flame may cause some souls to weep, 

Near light may seem too bold; 

For eyes that toil in darkness deep, 

Harsh pain may light behold. 

Though warmth does flame beget anew, 

That frozen lands might thaw; 

Those lost on icy islands few, 

Look to the skies in awe. 

Any for whom such flame’s too bright, 

In gloom who‘ve long wandered; 

I pray let such soft points of light, 

Guide you ever onward. 
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LIST OF SYMBOLS, ABBREVIATIONS OR NOMENCLATURE 

Variables 

Ve – Environmental Variance 

Vg – Genetic Variance 

Vp – Phenotypic Variance 

μ – Mean of some set of values Xnm 

Abbreviations 

MZ – Monozygotic (identical) 

DZ – Dizygotic (fraternal) 

MC – Monochorionic 

 A set of MZ twins who share chorionicity, including a placenta and amniotic sac. 

DC – Dichorionic 

 A set of MZ twins who do not share chorionicity, meaning they have separate 

 placentas and amniotic sacs.  
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1 Introduction 

In the study of inherited genetic variation (a view which I will call the Genetic Heritability Account 

- GHA), especially as it pertains to behaviour, much has changed in the last hundred years or so. 

The idea that traits, dispositions, and behavioural paradigms run in families is an old one, dating 

back to the idea that there were certain ‘familial diseases/conditions’ that struck an entire lineage 

without fail. This primitive stance was taken as an indication of bloodline succession, or rather 

more specifically, the idea that a child of a family who has a familial condition should have it if 

they are indeed a child of that bloodline, and in the occasion that the child does not, the validity of 

that child’s legitimacy was called into question. It is from this rather crude beginning as a means 

of determining blood ties, for the sake of insuring legitimate children and inheritance/succession, 

where the field of inferential genetic prediction, the GHA, and even eugenics has its roots. 

Obviously, we cannot just go about deactivating genes, or mucking with them in other ways, in 

developing humans for the purpose of reverse engineering their function (for we are looking to 

ascertain function); however, as this is the method usually employed when attempting to isolate a 

gene-function pair, we are left looking for other methods of determining the explanatory power of 

specific genes in regards to phenotypic traits. This is, as it appears to me, the overall goal of genetic 

research as a discipline in the abstract. We want to have the ability to point to a gene and know 

‘that does X, if it were to be damaged that damage would lead to Y outcome; and, if it is 

overexpressed, we would expect to see Z outcome.’ 

This is a lofty goal, but one we have made progress towards in scientific investigation; however, 

in terms of psychological traits, very few, if any, causal gene-function pairs have been established 

where, in contrast, genetic markers for conditions such as Huntington’s disease and Down’s 

Syndrome are readily understood and tested for, amongst others. 

Consider schizophrenia (SZ), a disorder very prevalent in the literature dealing with genetic 

heritability and twin studies in particular.1 While there has been some progress in regards to 

understanding a theoretical mechanism of expression based on broad neural correlates (such as on 

the neurotransmitter or morphological levels), to date no specific genes or gene clusters have been 

identified as having a causal or predictive link to schizophrenia, or even any that are beyond a 

doubt linked to schizophrenic tendencies, or even still an indication of a predisposition to develop 

the disorder, although that is the direction most research is heading, and with promising results 

 

1 Roar Fosse, Jay Joseph, and Ken Richardson, “A Critical Assessment of the Equal-Environment Assumption of the 

Twin Method for Schizophrenia,” Frontiers in Psychiatry 6, no. APR (2015): 1–10, 

https://doi.org/10.3389/fpsyt.2015.00062. 
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showing large scale genetic landscapes that do seem to differ in the case of SZ.2, 3 This is to say 

that there is, as we currently understand it, no ‘gene’ or ‘discrete genetic system’ for schizophrenia 

that has been currently established that explains the genesis of the disorder to the same extent as 

Huntington’s for example, although there have been strong associations uncovered. That isn’t to 

say that there isn’t such an explanatory mechanism, but that our current investigations haven’t 

discovered it for whatever reason, be it just the sheer complexity of coupled systems, or simply 

that we are looking in the wrong places. In psychological terms regarding the genesis of many 

psychopathologies, the best we have is a ‘diathesis-stress’ model, which claims that a genetic 

predisposition exists, and that predisposition in combination with environmental factors, a ‘trigger’ 

if you will, ends up with a patient presenting with psychopathological symptoms. This is the basis 

of the study of epigenetics, which in short is the study of the expression of genes. There have been 

many attempts made to isolate a mechanism, specifically for schizophrenia but other psychological 

phenomena as well, yet none have borne ripe fruit, and even if they had, the road is not over until 

one can explain severity as well as cause. There are cases of schizophrenia that do not have much 

detrimental effect on a patient’s life, while some individuals are completely debilitated by the 

disease. It is this exact difficulty that should clue us into the idea that there is something about our 

methods that is not working as it should, for whatever reason or cluster of reasons that may end up 

being. 

So, what is it that we have been doing to try and isolate a genetic factor for schizophrenia or other 

psychopathologies? Much of the data pertains to family and twin studies, making it a useful ‘test 

disorder’ for our purposes in this paper. But before we get into that, I wish to clarify why 

schizophrenia will often come up in this report: it is easy to diagnose on the basis of presented 

symptoms without any knowledge of neurological function or genetic factors, and so we can 

attempt to use such diagnoses as a reliable behavioural touchstone. That is to say, we don’t use 

any of the things we discuss in this paper to actually make the diagnosis of schizophrenia, and so 

it should be relatively free of confounds regarding diagnostic error. There’s little obfuscation in 

the disorder, and hence fewer confounds to deal with in screening patients into study groups. As a 

result of this, SZ is the most prevalent disorder in the scientific literature we will be drawing from 

going forward, and since we tend to learn about genetic and neuronal correlates to behaviour via 

damage or deficit, SZ may be the most fruitful place to look in the absence of a specific lesion. 

Twin studies will be the focus of this thesis. However, before we discuss this method, or set of 

methods, let us take a look at how biologists and philosophers of biology look at heritability in the 

 

2 Tarjinder Singh et al., “The Contribution of Rare Variants to Risk of Schizophrenia in Individuals with and without 

Intellectual Disability,” Nature Genetics 49, no. 8 (2017): 1167–73, https://doi.org/10.1038/ng.3903. 
3 Tarjinder Singh et al., “Initial Results From the Meta-Analysis of the Whole-Exomes of Over 20,000 Schizophrenia 

Cases and 45,000 Controls,” European Neuropsychopharmacology 29 (2019): S813–14, 

https://doi.org/10.1016/j.euroneuro.2017.08.057. 
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modern age, in order to frame the topic at hand, with the help of an article published in 2012 by 

Elliott Sober.4  

The main concept in focus for our purpose here is ‘variance’, which is, in brief, how a given trait 

varies in a population.5 It is from this premise that we get the ANOVA, or ‘analysis of variance’, 

method frequently employed in statistics in fields anywhere from psychology to biology and 

beyond. Wherever variance can be found in a data set, ANOVA can be applied. For our purpose 

here, we shall discuss the variance of 1) phenotype, which we can roughly define as a specific 

biological configuration of observable traits; 2) genotype, which pertains to allelic variation and 

the DNA code that precedes it; 3) environment, defined roughly as everything that doesn’t fall into 

the category of genotype;6 and 4) gene-environment interaction. Genotype and environment can 

‘sum’ (literally in some simple cases) to explain an observed phenotype, but this is overly 

simplistic as there can be some gene-environment interactions, per item 4, that break this additive 

approach as we shall see in a moment. 

So, what is a modern ANOVA study? To borrow Sober’s example to explain this, say we have a 

farmer who is interested in maximizing the yearly yield of his fields. The farmer decides to run an 

experiment, planting two different fields (Xij) where X is a field itself, treatment/experimental 

group, and the subscript indicates which variables are associated that specific group. These 

variables, in this case, are different genetic variants (Vg) of wheat and variants of the environment 

illustrated by soil (Ve). In the first field (X11) the crop with Vg G1 gets one unit of fertilizer – E1, 

and in the second field (X22) crops with Vg G2 get two units of fertilizer – E2. We can consider 

each of these a phenotype which will be denoted as X11, X22, and so on. The farmer finds that the 

X11 crop grows an average of 1 unit in height, while in the crop X22 the farmer finds that the crop 

grows an average of 4 units in height. From this we could infer a genetic advantage for the plants 

in X22, or an environmental advantage from receiving double the nutrients, or a combination of the 

two where the G2 group is better able to metabolize the fertilizer.  

Our farmer then wonders how he can go about figuring out which of the above possible 

explanations for the advantage of X22 is actually the case. However, he has a problem here, as both 

the genes and environment of the fields are perfectly correlated,7 meaning that he only has data 

on the crop with Vg G1 in Ve E1. Same problem with G2 and E2. We know that crop X22 had a 

better yield, but due to the correlation between G2 and E2, the farmer cannot say for certain if this 

improved result was a result of the genetics or the environment, or both. So, he sets up another 

 

4 Elliott Sober, “Separating Nature and Nurture,” Genetics and Criminal Behavior, no. January 2001 (2012): 47–78, 

https://doi.org/10.1017/cbo9781139173162.003. 
5 Sober. 
6 Sober. 
7 Sober. 
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experiment in order to break the correlation. He plants two more fields, the third, X12, has G2 crops 

in the E1 condition, and the fourth, X21, has G1 crops in the E2 condition. 

The farmer may get a range of different outcomes from this but let us narrow it down to the four 

Sober uses. In the first outcome, or matrix state, (O1) we know from his past experiment that X11=1 

and X22=4, while X12=1 and X21=4. In this outcome Vg makes no difference, only Ve matters. In 

O2, once again X11 and X22 are the same, X12=2 and X21=3. For O3, again X11 and X22 are the 

same, but X12=3 and X21=2. The last outcome, O4, is simply a mirror image of O1, the environment 

makes no difference and all variation can be explained by genetics. In O2 and O3, neither Ve nor 

Vg alone can explain all the variance observed, so they must both come into play. So, which of 

the two has greater explanatory power for what we observe in this particular situation (as it will 

vary, there is no explanatory factor that will always hold in any situation)? In O2 Ve has the most 

explanatory power, while in O3 Vg has more explanatory power. According to Sober, O1 and O4 

are considered ‘monistic’ – meaning only one variable had a quantifiable explanatory significance, 

while O2 and O3 are ‘pluralistic’ – meaning both variables had quantifiable explanatory power.8 

The data thus far can all be considered ‘additive’, in that the move between either variable does 

not depend on the other. In O1, moving from E1 to E2 improves yield and moving from G1 to G2 

did not correspond to overall height. Similarly, with O2, moving from E1 to E2 always improves 

yield, and this time moving from G1 to G2 always does as well, predicting the best outcome in X22 

(remember, X22 gets G2 and E2 as per the subscript, with the first subscript letter (i) denoting the 

Y-axis and the second (j) denoting the X-axis if plotted), and so on for the other results. Their 

contributions to the explanation are additive.9 

So, what happens when the two factors are not cleanly additive? This means that a gene-

environment interaction is happening; or rather, that gene environment interaction is non-

additivity. This could, for example, mean that G2 could have a gene that gives it a faster 

metabolism, and so it can take greater advantage of the increased nutrients available. Teasing apart 

these influences is where ANOVA comes into play.  

Taking the same farmer’s scenario, Sober considers two more outcomes: O5 (X11=1, X22=4, X12=7, 

X21=7); and O6: (X11=1, X22=4, X12=1, X21=1). In O5, as we can see, for G1, yield increases when 

Ve is changed to E2; however, in the case of G2, the change from E1 to E2 causes a reduction in 

yield. So, both Vg and Ve help explain the phenotype of any given treatment phenotype Xij, not 

one or the other; and, their interactions differ. O6 illustrates the concept I mentioned earlier, where 

in which a particular Vg is more adept at taking advantage of a certain Ve. We see poor 

 

8 Sober, 50. 
9 Sober, 50. 



 

 

5 

 

performance across the board, except for X22 which has a factor of 4 yield increase over the other 

three possibilities, in fact, it’s the only phenotype that did better (height is a phenotypic trait). As 

you can probably see by now, taking this to any further level of complexity by adding more unique 

instances of environment or genome, such as to X99 or further, will require a proper matrix/table 

and some calculus [XGi x Ej] to avoid writing long strings of values as I did above for just two 

different possibilities for each variable, and since I don’t intend to include tables in this paper, 

we’ll be moving on from further detailed breakdowns and focus on the broader picture and 

equations.  

Suffice to say, in a larger dataset, to analyse variance we need first to compute a grand mean of 

all cells in a table of data and then compute an average for each row and column in the table, one 

for each Ve (μXi1) and one for each Vg (μX1j). These are called marginal averages, as in a table 

they are written in the margins. Variance is calculated by relation to the grand mean, which is to 

say that for all Xij a difference is computed against the grand mean [Vp = Σij (xij – M)2 / nm]. The 

result is known as Vp, or the phenotypic variance. Larger values indicate a more variable 

population.  

The equation for Vp can then be decomposed into two equations, one for Vg: [Vg = Σj (Xj – M)2 / 

m] and Ve: [Ve = Σi (Xi – M)2 / n]; if it turns out to be the case that Vp = Ve + Vg, then the results 

are of the additive nature described earlier. If it turns out to be the case that Ve and Vg do not sum 

to Vp, then we need another variable to describe Vp. Sober denotes this as I (‘i’) and describes it 

as “the difference between Vp and Vg + Ve”10 This makes our overall formula for phenotypic 

variance [Vp = Vg + Ve + I]. Now from here we can actually go about computing which variable, 

Ve or Vg, contributed most to the phenotype observed. 

This is done by dividing both sides of the equation by Vp. So, that gets us to [1 = Vg / Vp + Ve / Vp 

+ i / Vp] where in which “the three right-hand terms describe, respectively, the proportion of the 

phenotypic variance [ . . . ] due to genes, to environment, and to gene-environment interaction; 

they total 100 percent.”11 And so, from there, we can compute the genetic heritability factor (h2), 

that is to say how much of observed phenotypical variance is attributable to heritable traits, by [h2 

= Vg / Vp]. Sober thinks it worth noting, as do I, that in this sense heritability is a property of 

phenotypes, not genes themselves – genes are just a part that goes into it.12 From here, we now 

have a more precise definition of genetic variation in ANOVA, since as we see above, there are 

three parts to phenotypic variation, so defining Vg as ‘factors that are not environmental’, the same 

way we did for environment earlier on, fails to obtain. 

 

10 Sober, 54. 
11 Sober, 54. 
12 Sober, 54. 
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Sober’s account of heritability has implications for the broader nature-nurture debate. In the first 

place, “it is hard to find out how heritable many traits are.”13 That is because, as we have seen, a 

highly heritable trait can still be affected greatly by environmental factors. Sober uses a particular 

genetic disease to illustrate this fact. Infants with this disease cannot digest a particular enzyme, 

and build-up of this enzyme causes the infant to suffer severe developmental delays and 

subsequent challenges. These delays and challenges are surely genetically heritable as the disease 

is chromosomally marked and is recessive. If the child has only one copy, then the functional gene 

will overwrite it and the child develops normally; If two mutated copies are present, the infant will 

suffer developmental challenges. However, once the cause of the problems was discovered – the 

build-up of an enzyme in the body, then when the infant is placed on a special diet that excluded 

any trace of the enzyme, they develop normally. So, from there, we have a 100% (genetically) 

inherited phenotypic trait that is removed entirely by an environmental change. This shows that 

the modern observed prevalence of these developmental delays in particular phenotypes does not 

correlate with its heritability as defined by ANOVA above (h2 = Vg / Vp), meaning we have reduced 

the genetic contribution factor to 0 by means of an environmental change. No longer does a 

genetically inherited condition have the same bearing on the observed phenotype. 

This points to a limitation with ANOVAs scope of application in behavioural heritability: the 

method deals with assessing variance within a group or population but fails to explain variance 

between groups. To illustrate, again using Sober, say our farmer takes seeds from a genetically 

heterogeneous bag, then plants these seeds in two different environmental conditions: the first of 

typical soil, the second is made up of the same soil but that has had a particular element removed. 

For both groups, all phenotypic variance observed within each group will be explainable by the 

genetic differences between individual plants since the environment is the same; however, it does 

not follow from there that the variance between the groups will be genetic. In fact, the variance 

between these groups will be entirely environmental. The example above of the developmental 

condition serves well as an example of this as well – introduce a new environmental variable, and 

heritability can change drastically. 

Furthermore, this method can only be applied when there is phenotypic variance to begin with. 

Can we assume from a case of zero phenotypic variance that there is no genetic or environmental 

variance? That’s a hard question to answer, but Sober does well to illustrate it with an example I 

cannot help but to poach. Say we have a treatment or experimental group of humans with 2 hands; 

can we from that infer that all of their Ve and Vg are non-variant as well? Moreover, it seems 

pretty likely on the face of it that, as Sober points out, number of hands is a fairly inherited trait 

(as opposed to four limbs ending in similar paws, or no limbs and fins, etc.), yet by the ANOVA 

method we spoke of earlier, the heritability (value of h2) of two hands in a population of people 

 

13 Sober, 48. 
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who all have two hands is ‘undefined’,14 since we need the formula [h2 = Vg / Vp] to compute 

heritability, and  Vg / Vp in the case of no phenotypic variance is  [Vg / 0],15 and we cannot divide 

by 0, so therefore cannot compute a value for h2. You can see here where this method fails in this 

very specific context, I hope. In the case of 0 phenotypic variance, we cannot even utilize the 

ANOVA equations because it would call for a paradoxical calculation (divide by 0 error). 

So, since we need variance for the ANOVA to function, we introduce some people with a number 

of hands that does not equal 2 from birth, either because of a genetic mutation (Vg) or a prenatal 

injury (Ve), and from there we learn something interesting: we need not know anything about the 

cause of either type of variance, for using ANOVA we can still determine if the Vp observed is 

explained by Vg, Ve, or both. We can observe something without being able to fully explain the 

contributing factors. The farmer from our earlier experiment has no idea why a certain Vg does 

better in a particular Ve, all he knows, and frankly all he cares about for the purpose of growing 

the largest yield of his crop, is that this crop does do better in those specific conditions. For this is 

the way the ANOVA method is usually employed: simply to study which combination of Ve and 

Vg ends up with a certain result of interest, be that highest yield of grain, or what yields the most 

discordant/concordant set of MZ twins, or the lowest proliferation of cancerous cells after 

chemotherapy or surgery, or the mortality rate of a certain current day pathogen ravaging the globe. 

We are trying to study and explain the world around us and make predictions about that world with 

this method after all, and I think that shouldn’t be lost in the specifics of the maths. All of science 

is attempting to explain observations and use those explanations to predict things we could observe 

in the future. 

Furthermore, and this pertains specifically to psychological traits, the lack of access to specific 

genes that are implicated in behavioural or psychological traits makes it impossible to generate the 

alternative gene-environment pairings that allow us to solve for heritability in ANOVA models. 

As Sober asks, if we are to try and study the genetic cause of a phenotypic trait, where in the 

genome should we start looking? In the absence of some other empirical proof that already 

establishes a gene for whatever psychological trait (and if there had been, then this experiment 

would be testing something we already know, and therefore pointless besides for attempts at 

falsification), then what are we to do? Guess randomly at genes to mess with and observe the 

variance created as I suggested earlier on in the second paragraph of this paper? Sequence 

countless genomes and perform an ANOVA to show which genes are highly correlated to the trait 

we’re investigating? If that is the approach, how do we control for environmental factors? We 

could perhaps show which combination of genes and environment yield the highest prevalence of 

our trait of interest, and to what extent each plays a role, but that tells us little about the genotypic 

 

14 Sober, 55 line 26. 
15 Sober, 55, 56. 
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factors at play considering our above discussion on how much a single environmental variable can 

change a heritability metric as per the developmental delays and diet discussed earlier. I quote: 

“Naïve empiricism is not a recipe for efficient inquiry. What alternative strategy will do better?”16 

Is, then, behavioural genetics, and the study of the heritability of psychological traits in particular, 

a nonstarter? Fortunately, as Sober points out, it is not. Though there are significant problems with 

the approach, which we talk about in detail in this thesis, “Twin Studies” have the potential to 

legitimize behavioural genetics in the absence of knowledge as to the genes that influence 

phenotypicality.  As Sober puts it: “The reason is that these studies are designed to estimate the 

heritability of the trait with respect to the full range of genetic and environmental variation found 

in the population as a whole.”17 Which is to say, due to the so called ‘identical’ nature of MZ twin 

genomes and environmental factors shared between co-twins, in contrast to the alike but non-

identical genomes of DZ twins and their claimed equally correlated environmental factors, we can 

target a heritability metric without knowing which environmental or genetic factors are really at 

play.  

Sober points out, often in passing, the difficulties involved in an adequate deployment of the twin 

studies methods (here I use the expression “twin studies” as a description of a family of methods 

and assumptions, the details of which are discussed later). He notes, for example that, of course, 

the reverse is also true of the aforementioned advantage for Twin Studies – we cannot infer which 

environmental or genetic factors are at play from twin studies alone, simply that such factors are 

present, which is also what we were lacking from the ANOVA approach to psychological 

heritability in the first place. Furthermore, these twin methods don’t, on the face of it, get us any 

more clarity on the subject without a few assumptions being made.  

First, let’s look at the idea from the perspective of an ANOVA equation: [Vp
mz = Vg

mz + Ve
mz + 

Imz]. We cannot from here assign a value to Ve
mz, however we do know that Vg

mz = 0 because the 

genetic variance between a set of MZ twins is indeed 0 if we leave out epigenetic markers. As a 

result, we can infer that [Vp
mz = Ve

mz + Imz]. If we also assume that the interaction term is also 0, 

that is to say that the relationship is additive, then we have an entailment of Vp
mz = Ve

mz, or that 

any variance between MZ twins must be due to environmental factors.  

If with that we also assume that Ve
mz = Ve

dz then we reach the so-called Equal Environment 

Assumption (EEA), which is to say that the environmental factors at play within each twin set are 

equally correlated. That is that MZ twins share the same level of similarity of environment with 

their twin than do DZ twins. With that it is claimed that we can infer that any differences observed 

 

16 Sober, 63. 
17 Sober, 63. 
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between the MZ and DZ sets will have a significant genetic component, as the genome of the DZ 

set is the only part of this that is unaccounted for. 

Sober notes that, however weak these assumptions may be, that they are not required for the 

derivation we want to conduct per se. He clarifies:  

By this, I mean not that the assumptions could simply be removed and the 

derivation would still go through but that the assumptions could be replaced by 

other assumptions that are equally [or more] substantive [ . . . ] However, the 

problem is not solved by stipulating a couple of new assumptions; rather, it must 

be demonstrated empirically that the assumptions are plausible for the case 

under analysis.18 

Essentially what he is saying is that we can replace the assumptions we make in the above 

examples with empirical data, which is true. If we can quantify the environmental variance 

between DZ and MZ twin sets, then the assumption that Ve
mz = Ve

dz need not be used. 

The potential of twin studies as a set of methods for investigating the heritability of psychological 

traits is promising, though as we have seen in this discussion of Sober, also problematical. Has the 

method realized its potential? That is the question we are interested in answering here. 

2 History and Timeline of the Genetic Heritability Account 

Let us first look at a brief overview of our progress as humans in this endeavour, whether or not it 

was conceptualized as a genetic investigation at the time, for no good structure, or argument, is 

built without a foundation. The discipline of studying heritability began with the so-called Familial 

Disease Mode, then moved to Family Studies, and from there to Twin Studies and the ANOVA 

method, as we shall see in the coming sections. 

2.1 Familial Disease Model 

We, as humans, began to try and study genetic influence, though perhaps it was not to be called as 

such until later, with what can be called the familial disease model (FDM), as I mentioned earlier. 

It was concerned with ensuring a bloodline. One example is that of ‘The Royal Disease’ as it was 

colloquially called, that ran through the royal families of numerous European countries – from 

 

18 Sober, 68. 
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England (Queen Victoria I),19 to Russia (Empress Alexandra, granddaughter of Queen Victoria),20 

and from there to some others including Spain and Germany from what I can gather.21 Formally 

this disease is now known to be haemophilia, a clotting disorder that leads to bleeding lasting 

longer, skin bruising more easily, and massively heightened risk for internal bleeds or 

haemorrhage.22 As a quick aside, this is likely where the old view that the royals were always 

rather delicate came from. As I mentioned, those with haemophilia bruise much more easily, and 

cuts and scrapes appear to be more severe than they are due to the lack of clotting leading to more 

profuse bleeding.23  

This is a condition that is, in modernity, quite well understood as being caused by the faulty 

production of a protein, specifically coagulation factor VIII (CFVIII), which is encoded for by the 

Xq28 band on the human X chromosome.24 A mutation there leads to dysfunctional/faulty 

production of CFVIII, and results in the symptoms we see in haemophilia. Notice for a moment 

though, that this is a sex-linked disorder – It almost exclusively manifests in males, yet, can be 

carried in a recessive manner by females as well due to its location on the X chromosome which 

both sexes possess, but only in females is there a redundant copy which can correct for a faulty 

one such as with haemophilia. This means the mutation can be passed down through both 

matrilineal (to a male child) and patrilineal (to a female child) routes – yet it is primarily royal 

boys, those with a claim to the throne, who would express symptoms. 

This is very much the sort of pattern that our precursors in medicine and genetics would take note 

of, even without knowledge of the mechanism. Speaking of the mechanism, it all has to do with 

genetic interactions that, to fully explain, go beyond the scope of our discussion here; however, in 

brief, the disorder being X linked and recessive means any fully functional gene would overwrite 

the effect of the mutation, meaning in females with two X chromosomes, both X chromosomes 

would need the mutation for the disease to manifest, something that is highly unlikely. In males, 

however, with only one copy of the X chromosome, if the mother is carrier but does not express 

the disorder, then the male offspring will have a 50/50 chance of inheriting her mutated 

chromosome rather than the functional one. If the mother expresses the disorder, meaning has the 

 

19 Evgeny I. Rogaev et al., “Genotype Analysis Identifies the Cause of the ‘Royal Disease,’” Science 326, no. 5954 

(2009): 817, https://doi.org/10.1126/science.1180660. 
20 Rogaev et al. 
21 Hugo Iltis, “Hemophilia, ‘the Royal Disease’: And the British Royal Family,” Journal of Heredity 39, no. 4 (April 

1948): 113–16, https://doi.org/10.1093/oxfordjournals.jhered.a105812. 
22 James Wynbrandt and Mark D Ludman, The Encyclopedia of Genetic Disorders and Birth Defects, Third Edit (New 

York, NY: Infobase - Facts on File, 2008), https://doi.org/10.5860/choice.38-0676. 
23 Wynbrandt and Ludman. 
24 Bolton-Maggs PHB and Pasi KJ, “Haemophilias A and B.,” Lancet 361 North, no. 9371 (2003): 1801-1809 9p, 

http://search.ebscohost.com/login.aspx?direct=true&AuthType=ip,shib&db=jlh&AN=106878656&site=ehost-

live&scope=site. 
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mutation on Xq28 on both X chromosomes, any male offspring are guaranteed to have the disorder, 

as they do not receive an X chromosome from the father, and any female offspring will have a 

50/50 chance of either expressing it, or being a latent carrier and able to pass it on to the next 

generation depending on if the father also has the mutation.25 If both parents express the disease, 

it is guaranteed to be passed on and expressed in either sex. This means that if there were a king 

and queen who both expressed the disorder, and who had a child that didn’t, that child could not 

have been a legitimate offspring of the couple. Of course, the mechanism explaining this in modern 

detail was unknown until the mid-1900’s at the earliest, but the pattern would still have been 

observable to those early physicians who attended to royals. The idea is that phenotypic “patterns” 

in descent, observed in a population (of royals!), is a precursor to the study of behavioural genetics. 

You can see the critical flaw here, however, in that if the mother expresses the disorder, any male 

children she has will also express the disorder. The ‘royal father’ would be irrelevant, which was 

in large part the reason for looking at the disorder as royal linked in the first place. Cuckolded 

kings are entirely possible on this understanding of familial disease! In spite of that flaw, unknown 

at the time as it was, early physicians seemed to place a lot of value on this as a means of ensuring 

that the parents of a child really were parents by blood, a matter of no light concern back then, as 

it even is now to some, considering the popularity of ‘who’s the father’ TV shows. Showing lineage 

has and continues to be of paramount importance considering our laws and society, even if the 

governance of a kingdom and vast amounts of wealth are not on the line. 

Of course, even in times long past people had the concept that disposition ran in families as well, 

in addition to intelligence and overall capability. This is part of the reason there were things such 

as royal families, or the highborn classes of many old societies. Pedigree mattered. Arguably it 

still does, and I have no doubt still plays some role in our modern studies into heritability. There 

is, of course, always the consideration to be made though: how much of whatever variation we see 

can be attributed to a genetic or bloodline link, and how much of it is attributable to environmental 

factors present more uniformly within families? Or, to put it in a well-known way: which factor 

has greater explanatory power, nature or nurture? It’s hard to argue that we don’t end up like our 

parents, at least a little, as they are the ones who taught us our first formative lessons on how to 

interact with the world around us, as well as the other people we find ourselves in it with, but they 

are also our closest relations genetically. 

This leads us back to where this discipline supposedly started, with Galton, who many consider to 

be the ‘father’ of twin studies, or a heritability account of behavioural genetics in the broader 

 

25 F. Peyvandi, R. Asselta, and P. M. Mannucci, “Autosomal Recessive Deficiencies of Coagulation Factors,” Reviews 

in Clinical and Experimental Hematology 5, no. 4 (December 2001): 369–88, https://doi.org/10.1046/j.1468-

0734.2001.00051.x. 
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sense;26 however, this is not the case, as illustrated by Rende et al. in 1990, where it is stated that 

the twin method as we understand it – the so called ‘classical twin method’ or CTM, was not 

actually proposed by Galton.27 Galton’s 1875 publication merely elaborates rather extensively 

upon a number of anecdotes he received during his investigation. The idea that we need both MZ 

and DZ sets, and to assess the variance between them, was put forward 50 years after Galton’s 

article separately by two thinkers, Curtis Merriman and Hermann Siemens, in 1924.28 

As with many English publications from the 1800s, Galton deals with archaic conceptualizations 

of ‘insanity’ and spooky anecdotal causality at a distance, as well as a number of uncomfortable 

historical realities. However, considering he was a forerunner in the field of genetic heritability I 

feel compelled to give him his due share, though I confess in advance it will not be charitable. 

First of all, his classification of twins into three groups based on ‘similarity’ (very, somewhat, not 

at all)29 as he describes it, is a woeful decision on his part, for more than anything else this dooms 

his entire account. None of the anecdotes he puts forth, even granting their relevance and positive 

assessment of truth value (questionable at best), can support any claims that may be articulated, 

due solely to the lack of ability to infer genetic or environmental relation in this classification 

system. He also falls victim to a data aggregation confound in that his entire investigation was 

based upon “the opinion of the family”,30 and much of it deals with inconsequential things such as 

intonation of voice and handwriting. Things which, to be fair, are very distinctly behavioural, but 

not very informative nor reliable in their accounts.31  

Further, Galton goes into rather uncomfortable detail about the punishments meted out to twin sets 

due to others’ lack of ability to distinguish them from one another, sections that, to a lesser extent 

to what will come later, made for a very uncomfortable read, including approaches such as beating 

both twins in the event that either one misbehaved just to be sure that the culprit was punished 

even at the cost of an innocent.32 In addition to some very disturbing commentary on what I must 

assume, due to euphemistic Victorian linguistic customs, is a set of twin girls’ genitals.33  

It is also only now, upon revision at the end of my task here, that I have discovered Galton was 

not only the father of the methods above mentioned, but also of Eugenics –  which the very word 

 

26 Richard D. Rende, Robert Plomin, and Steven G. Vandenberg, “Who Discovered the Twin Method?,” Behavior 

Genetics 20, no. 2 (1990): 277, https://doi.org/10.1007/BF01067795. 
27 Rende, Plomin, and Vandenberg, 278. 
28 Rende, Plomin, and Vandenberg, 277. 
29 Francis Galton, “The History of Twins, as a Criterion of the Relative Powers of Nature and Nurture (1,2).,” 

International Journal of Epidemiology, 2012, https://doi.org/10.1093/ije/dys097. 
30 Galton. 
31 Galton. 
32 Galton. 
33 Galton. 
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itself he coined not a decade after his publication on twins that has been the topic of our discussion 

most recently. Now, while I have gone to great lengths to avoid discussion of this sort in our 

endeavour here, it seems the study of the genetic heritability of behaviour, or psychological traits 

(intelligence, for instance, or greed..), and ‘research’ conducted on twins (Mengele, too, had a 

sickening fascination with twins some years after Galton. I do not now doubt from whence the 

former got his inspiration), shall remain in perpetuity tainted by such atrocities and abuse that I 

shudder to even consider them. So, save for one final paragraph to drive home the final coffin nail, 

we shall leave this topic, and this reprehensible man, behind, and beneath us, along with the rest 

of his ilk – those ill-conceived reprobates, creatures of the bleakest wombs who had, by his ideas, 

brought such shame upon academia, and such a scourge to the very soul of humanity that it beggars 

the very belief of the decent among us . . . in hopes of greener pastures to come. 

Much of Galton’s discussion of concordance, in addition, focuses on a set of twins becoming ill at 

the same time, without even attempting to account for the fact that most of what he discusses are 

contagious diseases, in sets of people who are, at most times, in very close proximity to one 

another. Of course, this creates a false dilemma, as he uses these in support the nature account of 

behavioural heritability, where in which the environmental factor of simple contact with infectious 

disease can easily explain his notes.34 In fact, much of the environmental aspect is neglected in 

Galton’s publication, especially in regards to the family and parental environment that those he 

investigates were subjected to, yet still he throws his lot in with the nature explanation. 

One can argue in modernity that many sorts of social and formative lessons are of lessened 

importance compared to how they were in the past, given the fact that most children these days are 

arguably raised by grandparents, relatives, caregivers, day-cares, nannies, and of course, TV and 

the internet; however, the lessons that are taught by parents still remain with their pupils, for better 

or worse. Of course, these sorts of familial disease models do not show much beyond a likely link 

in lineage, although, perhaps it is the case that these specific blood linked diseases played a role in 

behaviour as well? Continuing with haemophilia, it’s hard to argue that the sort of weakness to 

injury found in those with the disease wouldn’t manifest in behavioural changes in the person 

themselves, such as avoiding risk, and even appearing and acting more delicate to signal such 

fragility to other humans (Victorian ladies and their fainting couches perhaps?), all of these are 

behavioural components with a pretty clear intuitive link to a genetic cause. Which brings us back 

to our initial issue, how much weight does something like genetics have on how we develop as 

human beings? How much weight does the social aspect carry? It’s pretty clear that both can play 

a role in overall behaviour, but it’s just as clear that they play into and shape each other. Biological 

factors can shape behavioural factors just as behavioural factors can shape biological factors such 

 

34 Galton. 
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as height or even perhaps hair colour (greying hair due to accelerated melanocyte degradation as 

a result of heightened levels of stress over a lifetime for example). 

2.2 Family Studies 

The familial disease methodology progressed into family studies (FS) proper where the attempt 

was to identify certain traits (a trait could be something like eye or hair colour, or a certain 

disposition to illness, etc., in addition to behaviour) that clustered in families vertically (but not 

horizontally) across generations, and, what it was about that family that made them 

overrepresented in having such a trait. Leaving aside certain ‘diseases only found in certain 

bloodlines’ as a relic of the past (though there’s a grain of truth within that as I mentioned), in 

order to attempt to grasp more explanatory power we found ourselves focused more on abstract 

targets (as in not pertaining to one specific bloodline, applying a broader scope, ‘abstraction’ being 

‘zooming out’ to organizing principles etc. of a category, for example a nightingale would be 

specific, bird would be more abstract, winged thing further still, and so on). Studies became less 

of a ‘practical/political’ affair and more about generating new knowledge regarding our biology – 

this included things such as traits, dispositions, morphological similarities, and family 

resemblances, all leading up to the more modern concerns of behavioural genetics: explicit 

behaviour and/or how one perceives and responds to the world.  

Regarding family studies, these can be described in their most basic form as studies attempting to 

determine if a given trait X runs in a family, and less about why it does. Crucially, this can, but 

doesn’t have to, indicate a (molecular) genetic component. For example, there are things that are 

common in families that do not have genetic roots – take for a concrete example a certain recipe 

for a dish that in every generation is passed down again to the offspring. This very clearly runs in 

a family, or is inherited, yet I would suspect none would want to state that such a recipe could 

have any genetic correlation, at least not on the narrow scale we are employing here. For instance 

of course there is a genetic component to this sense of heritability in the human use of language, 

and our ways of preserving knowledge, but it is hard to argue that one can bake Grandma’s special 

cherry pie based off of what they find encoded in my or even her genome; another example would 

be following a certain religion, or even the speaking of a specific language (not language as a 

whole however, which does have a strong genetic link).  

One might challenge these claims with some forms of lateral transmission for these ‘memes’ if 

you will (using Dawkin’s definition, concepts that may be subject, in a sense, to Darwinian 

mechanisms in the same was as genes),35 but really this is no challenge at all as I am not making a 

claim that cultural transmission of memes works on the same mechanism as biological 

 

35 Richard Dawkins, The Selfish Gene (Oxford Paperbacks, 1989). 
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transmission of genes, simply that they can create similar seeming outcomes due to evolution over 

time, and that non-genetic phenotypic traits can be passed down and across in a way that resembles 

genetic transmission.  

Similarly, those with certain traits tend to pass them down via simple exposure and learning; again, 

while there may be a genetic factor at play here, especially if we take epigenetics into account, 

most I think would agree that when one grows up to behave similarly to their mother; for instance, 

it may be an environmental factor at play working on our human instinct to learn by modelling 

what we see.  

For an example of family studies, we can look at a paper published by Luperdi et al. just last year, 

in 2019, in the journal Schizophrenia Research, where the team of researchers performed a 

systemic review of family studies related to the cognitive impairment that is associated with both 

SZ and Bipolar Disorder (BD).36 In this review, most of the papers that returned hits in their search 

could not be included for various reasons, but mostly due to them being irrelevant to the questions 

about neurocognitive issues related to SZ/BD, as there are relatively few family studies still being 

conducted, and old ones tended not to meet inclusion criteria. The researchers were left with 5 out 

of 621 unique family studies that met their inclusion criteria, a strikingly low number considering 

how many there were to begin with.  

In these five studies, the researchers were looking for familial overrepresentation of neurocognitive 

(NC) deficit in healthy (that is, not diagnosed with SZ/BD) family members, of SZ/BD patients. 

These NC deficits are frequent symptom of SZ/BD, and the researchers were attempting to indicate 

that the NC deficit has a heritable component which could direct treatment approaches.37 They 

found only one parameter where there was a statistically significant indication of heritability, in 

two sort of ‘sections’ both dealing with verbal memory – those being ‘immediate verbal memory’ 

and ‘secondary verbal memory’ where a deficit in which seemed to be overrepresented in relatives 

of SZ/BD patients, suggesting, at least, a heritable phenomenon in that one domain.38 

To make a long story short, only on a select few criteria was there any indication of a familial link, 

which the authors term an ‘endophenotypic’ effect. Endophenotype being differentiated from the 

usual meaning of phenotype only in scale, and is used to create a differentiation in discussion 

between so called high level symptom presentation and low level genetic factors such as single 

nucleotide polymorphisms (SNP), where a nucleotide is the so called base unit of encoded 

 

36 Sussy C. Luperdi et al., “Neurocognitive Endophenotypes in Schizophrenia and Bipolar Disorder: A Systematic 

Review of Longitudinal Family Studies,” Schizophrenia Research 210 (2019): 21–29, 

https://doi.org/10.1016/j.schres.2019.06.014. 
37 Luperdi et al. 
38 Luperdi et al. 
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information in DNA, and a SNP is a disparity in such a nucleotide from the average human 

genome. The smallest possible genetic mutation, if you will, is an SNP.  

I use Luperdi et al.’s study here as it is the most robust attempt at utilizing the family study 

paradigm that I have come across. The authors do not make any indication of trying to suggest that 

this is a specific genetic factor, illustrating their knowledge of the nature and weakness of family 

studies and how they ought to be approached in modernity. The critical flaw they all share is that 

it is impossible to reliably separate genetic factors that may explain familial differences, from 

environmental ones. This was controlled for to some extent by using multiple families, although 

that’s not a complete control by any means, as environmental factors may still be the same in 

different families, and for the simple fact that the researchers did not want to indicate any specific 

link (think alcoholism, for example, which crops up in a lot of families and functions mostly the 

same way in each one, regardless of distance of relation), just to note possible indicating symptoms 

of the disorders under study. This is a family study done right, so to speak; however, sadly, its 

results are not very strong, nor very useful. Though, these data do point to places the medical 

community can focus on for prophylactic/preventative intervention for other members of a family 

where SZ/BD is present, as noted by the authors, specifically in offspring of SZ/BD patients to 

facilitate improved life outcomes,39 we cannot draw any strong inference about the mechanism at 

play. In short, these kinds of studies can show if certain traits can or do run in families, and if so, 

in what way are they detectable, but they do not really show how exactly these traits are heritable, 

be it environmentally or genetically. These studies, for our purpose, are only somewhat valuable 

for providing a ‘first step’ if you will by indicating a heritable component that can be isolated for 

further study to find out the how of the heritability. 

This family study paradigm was dominant for a long time prior to the 1970s, even after the 

inception of the twin methods, and even up to today it is used in certain circumstances such as the 

above paper hoping to find a factor that could be influenced to provide a better quality of life in a 

medical context. Going for more in-depth investigation of mechanism, twin studies began to take 

precedence as a result of the difficulties separating genetic influence or environmental influence 

in family studies. It was thought that using twins could reliably indicate whether something 

heritable was genetically heritable. 

This use of family studies is, as we have seen compared to the FDM, more modern; however, as 

historically there was the idea that a family study could show genetic factors specifically at play, 

which was generally speaking not the case, it eventually became clear that the genetic and 

 

39 Luperdi et al. 
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environmental factors were hopelessly entangled, and so any conclusions drawn had to be 

considered to be a result of both. 

3 Twin Studies 

From its roots in the familial methods (FDM & FS) the study of heritability advanced into the twin 

method due to the realization that twins had the potential to offer a unique insight to the issues at 

play regarding environmental variance, genetic variance, as well as how the two co-interact in 

what we call gene-environment interactions, as we discussed in chapter 1. 

Sober also thinks the twin methods can offer a way of buttressing the ANOVA method’s 

interpretations in a more significant way than simply ‘naïve empiricism.’ As he puts it: 

There are two standard alternatives to this strategy of hit-or-miss. The first is to 

examine identical twins reared apart. The second is to compare identical twins 

and fraternal twins, both reared by their biological parents. In these studies, one 

of course needs to decide which phenotype one wishes to study. But having 

decided this, one does not need to further which environmental variables and 

which genetic traits one wishes to consider. The reason is that these studies are 

designed to estimate the heritability of the trait with respect to the full range of 

genetic and environmental variation found in the population as a whole.40 

3.1 Methods 

Twin studies took the helm when issues arose with the family study paradigm in the mid-1970s 

and cast doubt on the results generated from family studies, and so a new paradigm began to gain 

traction in the endeavour to elucidate genetic factors specifically; this new paradigm was intended 

to use identical and fraternal (MZ and DZ respectively) twins as a more controlled means of 

accomplishing the same goal as the earlier family studies, and to avoid the issue of being unable 

to separate Ve from Vg. 

The general idea of the core of the twin method goes like this, quoted from Jay Joseph’s 2002 

review article on the subject:  

The claim that the twin method provides evidence in support of genetic factors 

is based on three critical assumptions: 1) there are two types of twins, and 

researchers can reliably distinguish between them; 2) the results from twin 

studies are generalizable to the single-born population; and 3) the environments 

 

40 Sober, “Separating Nature and Nurture,” 63. 
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of MZ and DZ twins are roughly equal. Assumption #3 is commonly referred to 

as the “equal environment assumption,” or “EEA” for short.41  

In combination with another section from the same paper we can get a succinct grasp the twin 

method and how it works: 

The method compares the concordance rates or correlations of reared-together 

identical twins (100% genetic similarity; also known as MZ, monozygotic, or 

one-egg twins) with the same measures of reared-together same-sex fraternal 

twins (averaging a 50% genetic similarity; also known as DZ, dizygotic, or two-

egg twins). For psychiatric conditions, a significantly higher concordance rate 

among identical or MZ twins when compared to fraternal or DZ twins has been 

cited as evidence for the operation of genetic factors.42 

Joseph goes on to point out a number of flaws in the method, but we shall get to that later on. For 

now, I wish to focus on the intended function of the CTM. We can see the root in the last sentence 

of the above quote from Joseph, that being that there are higher concordance rates between MZ 

twins who were reared together than DZ twins who have been reared together. What this means is 

fairly straight forward and harkens back to the ANOVA discussion in chapter 1, that in the case 

that one MZ twin has trait X, then the likelihood that the second MZ co-twin in the set also having 

trait X are significantly higher than in the situation that a DZ twin has trait Y and their co-twin 

also has trait Y, or any other trait. They have higher trait concordance with each other in the set 

than do DZ twins within their own same set and regarding any given trait. In short, MZ twins are 

more concordant. Considering that the reasoning goes that the environmental factors can be 

cancelled out due to the same rearing environment within sets, this increased concordance between 

MZ twins is said to indicate a genetic link for whatever trait X is in the current study or report. 

This relies on what is termed, as Joseph says, the equal environment assumption, or EEA for short, 

which again we are familiar with already from chapter 1. 

However, even with this more robust method as compared to the precursors in the FDM and FS 

paradigms, issues still persisted, and the inferences and predictions made by this paradigm didn’t 

stand up to scrutiny entirely, for a number of reasons as will be shown later, the one primary 

damning one that brought about another paradigm shift being the same reason that family studies 

fell out of favour; that reason being that yes, they could show a family link, but had difficulties 

separating out the influences between the environmental factors and the genetic factors.  

 

41 Jay Joseph, “Twin Studies in Psychiatry and Psychology: Science or Pseudoscience?,” Psychiatric Quarterly 73, 

no. 1 (2002): 73, https://doi.org/10.1023/A:1012896802713. 
42 Joseph, “Twin Studies in Psychiatry and Psychology: Science or Pseudoscience?” 
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From here the discipline advanced into the CTM, which has had the longest run since the 1970s, 

with some people still in support of it or the mechanisms it suggests, and is entirely reliant on the 

validity of that pesky equal environment assumption which many papers have set out to defend in 

the attempt to support the CTM.43, 44, 45 I refer to the EEA with a derogative due to it being a core 

tenant of the method, and so any flaws within the EEA can undermine the entire theoretical 

structure above it, leading to the afore cited papers attempting to defend it. To reiterate from 

chapter 1, briefly and in plain English this time, the EEA can be described as the simple assertion 

that, regardless of whether or not a twin set is MZ or DZ, they will share equally correlated 

environmental variables provided they are reared together. That is to say, in either MZ or DZ twins, 

there should be no environmental variables that differ between the co-twins in a set, (however, this 

does not apply between sets for obvious reasons). This leads to the ability to ‘cancel out’ that part 

of the equation, and in a study with both MZ and DZ sets in a sample, to explain any differences 

in concordance between co-twins as having a genetic component.  

For example, if one were to take two sets of twins, one MZ and one DZ, in a hypothetical study of 

schizophrenia for instance, if the concordance rate between the MZ co-twins is higher than the DZ 

co-twins, then a genetic factor is implicated. That is to say that, if one co-twin in each set has a 

diagnosis of schizophrenia, the other should have a percentage chance of also having or receiving 

a diagnosis of schizophrenia (note, ‘having a disorder’ and receiving a diagnosis of that disorder 

are different things). If the chance (retrospectively correlational, not deterministic or indicative of 

causality) for the MZ co-twin to also have schizophrenia is higher than the DZ co-twin, then we 

infer a genetic influence on the genesis of the disorder. As you can see, the attempt here is to make 

the environmental variables a non-factor in the results for reared together twins, so, the efficacy of 

this method relies on the assumption that co-twins in a set, regardless of zygosity, will share 

equally correlated environmental variables – i.e. a DZ set will share the same environment during 

development to the same extent as a MZ set. Whether or not this is actually the case is of primary 

relevance to our purpose here. 

The EEA is integral to the CTM as it offers a way of isolating the other primary variable implicated 

by vertical behavioural transmission, Vg, as being the only possible variable to explain disparity 

in results between co-twins in a set. One can from there, in an ideal setting, change their treatment 

variable in one co-twin, while leaving the other alone as a control to make for the best way to 

 

43 Nikole J. Cronk et al., “Emotional and Behavioral Problems among Female Twins: An Evaluation of the Equal 

Environments Assumption,” Journal of the American Academy of Child and Adolescent Psychiatry 41, no. 7 (2002): 

829–37, https://doi.org/10.1097/00004583-200207000-00016. 
44 Devon LoParo and Irwin Waldman, “Twins’ Rearing Environment Similarity and Childhood Externalizing 

Disorders: A Test of the Equal Environments Assumption,” Behavior Genetics 44, no. 6 (2014): 606–13, 

https://doi.org/10.1007/s10519-014-9685-3. 
45 Lindon Eaves, Debra Foley, and Judy Silberg, “Has the ‘Equal Environments’ Assumption Been Tested in Twin 

Studies?,” Twin Research 6, no. 6 (2003): 486–89, https://doi.org/10.1375/136905203322686473. 
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isolate the genetic factors at play in treatment effects in a medical context for example. This seems 

like quite a certain way of completing said task and is why they are considered the 'gold standard', 

at least in clinical trials (CTs), and is generally termed a ‘co-twin control’, an example of which is 

the NASA twins study conducted between a twin who spent a year in space, while his co-twin 

stayed on earth.46 This, however, is not the only way that twin studies are conducted. Much of the 

literature is not experimental, but rather retrospective in nature, which will become of crucial 

importance as we continue and as issues with the original EEA come to light. 

A number of rational and empirical critiques of the EEA came to light after it was adopted, which 

we will return to in the Flaws and Limitations chapter, but suffice to say, once again, revision was 

undertaken, leading to a shift in the way the EEA was implemented. It was too easy to discount 

the idea that the variation seen in MZ/DZ twins reared in the same environment was as a result of 

the environment itself not actually being equally similar between MZ and DZ twins, which is a 

core tenant of the EEA,47 and so the impression that any heightened similarity between MZ twins 

compared to DZ was due to a genetic component lost a lot of its strength, and so doubt was once 

again cast upon the discipline.  

This, in turn, has led some proponents of the CTM to redefine the EEA to be more specific as a 

way to avoid the problem that arose when the evaluations came back that MZ and DZ Ve are not 

equally correlated to each other.48 That is to say, they changed the idea that the entirety of the 

environment was similarly correlated between MZ and DZ twin sets, which many critics have 

homed in on,49 leading to the reduced scope we see used nowadays after the rather covert 

redefinition of the EEA. It is actually quite a challenge, when reading the literature, to determine 

what is meant when authors employ the EEA, the sort that I have explained above, or the new 

version described below, with the only clear tell being usually somewhere in the methods or 

discussion section indicating ‘trait’ or ‘etiologically’ relevant in some way, particularly in 

publications defending the CTM,50 or speaking of environmental factors that are not correlated 

between twins, as they see fit.  

The only difference put forward in the more modern considerations was not that the entirety of the 

environment was equally correlated between the two disparate types of twins, but rather that only 

 

46 Francine E. Garrett-Bakelman et al., “The NASA Twins Study: A Multidimensional Analysis of a Year-Long 

Human Spaceflight,” Science 364, no. 6436 (2019), https://doi.org/10.1126/science.aau8650. 
47 Rende, Plomin, and Vandenberg, “Who Discovered the Twin Method?” 
48 John C. Loehlin and Robert C. Nichols, “Heredity, Environment and Personality: A Study of 850 Sets of Twins,” 

Biological Psychology 5, no. 1 (1977): 97–98, https://doi.org/10.1016/0301-0511(77)90030-8. 
49 Jacob Felson, “What Can We Learn from Twin Studies? A Comprehensive Evaluation of the Equal Environments 

Assumption,” Social Science Research 43 (2014): 190, https://doi.org/10.1016/j.ssresearch.2013.10.004. 
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the Equal Environments Assumption,” 612. 
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those environmental factors that were deemed ‘trait relevant’ (to whatever is being studied) should 

be considered and assumed to be equal. This patched some of the holes blown in the original EEA 

and allowed twin researchers to continue pretty much as they had been regardless of the criticism 

levelled against them (the reason for which I will go into more deeply in a later section), namely 

the criticism was about the ways in which researchers demonstrated an unequal similarity measure 

between MZ and DZ sets by specifying only certain environmental factors as ‘etiologically 

relevant’ to the study.51 I will term this redefinition of the EEA the ‘equal trait-relevant 

environment assumption’, or EtrEA for short.  

From the EtrEA modification, a few other paradigms have cropped up, namely co-twin controls, 

reared apart studies, and adoptive studies, which I refer to as CTC, RAS, and AS respectively; the 

first part of which we are about to cover, and the second we shall discuss in chapter 4. These 

concepts may be the saving grace for the twin methods. 

3.1.1 Co-Twin Controls 

Co-twin controls are a rather fascinating attempt to control for all factors besides those of genetics 

and environment, as we touched upon in the last section, which are also, in modernity, based off 

of the EEA. The idea is that within a MZ twin set there may be a discordant trait, or rather, a trait 

that only one of the twin set has, in much of the literature this is a disorder of some sort, frequently 

schizophrenia or alcoholism, but for our purpose here we shall just consider it a discordant trait 

variable Td. For an example, from the SZ/BD literature, in a study from 2016, Fortgang et al. tried 

to assess coping mechanisms and their bearing on the pathology of SZ/BD/Major Depressive 

Disorder by evaluating data from the Swedish Twin Registry. The study found some heritability 

in these mechanisms but could not isolate it as either genetic or environmental, nor could they find 

a stable phenotypical overlap between the different disorders.52  

In this methodology, then, the co-twin serves as a control to assess a discordant trait. Given the 

assumption that the familial level environments are equal, and so are the genetics in an MZ set, 

then said discordant trait, according to the theory, must be due to an environmental variable that 

was outside the bounds of the what we can control for with familial environmental variables. That 

is to say, we can count out genetic differences as the cause of the discordant trait, as well as any 

familial level environmental factors, but cannot gather any more specificity than that, hence the 

Fortgang study’s results. 

 

51 Joseph, “Twin Studies in Psychiatry and Psychology: Science or Pseudoscience?,” 75. 
52 Rebecca G. Fortgang, Christina M. Hultman, and Tyrone D. Cannon, “Coping Styles in Twins Discordant for 

Schizophrenia, Bipolar Disorder, and Depression,” Clinical Psychological Science 4, no. 2 (2016): 216–28, 
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Now, notice what I did there. I, and many modern proponents of the twin methods, have subtly 

changed the usage of the EEA, from the classical EEA to the EtrEA that I outlined earlier, and so 

fall victim to the same problems outlined earlier on in this paper. Suddenly, only part of the 

environment is claimed to be equal, the familial environment, but yet other ‘non trait relevant’ 

factors can differ freely and are assumed to be non-causal. Then, the next question is, how does 

one decide which environmental variables are ‘trait-relevant’ or not? For this section suffice to say 

that the differentiation consideration, for proponents of the modern co-twin control method, is that 

anything outside the bounds of traits that could in some way be related to making the case that 

they intend to via their data. This is a very convenient way of looking at things, because it means 

one can discount any and every confound outside of what might be considered by the researchers 

as ‘trait relevant’, while the burden of proof is shifted onto those who hold opposing views to 

prove that confounding factors involved in the EEA are also trait relevant in the specific context 

of each individual study;53 this is quite the task to put on one’s detractors. Put a pin in that as it 

will become important in chapter 5 when we break down J. Joseph’s eviscerating criticism of the 

twin methods. 

It bears noting here though that this is not how the co-twin method was originally conceived. 

Rather, in a paper published back in 1942, Arnold Gessel wrote about the co-twin method that he 

had used for, he writes, upwards of 14 years to follow a set of (presumably, they are described as 

“highly identical twin girls”54) MZ twins from 46 weeks after their birth, up to 14 years,55 from 

1927 to the year before publication, 1941, in cooperation with one Dr Helen Thompson, who was 

not listed as an author of the present paper, but was mentioned early on in it as having collaborated, 

be that because it was the 40’s and sexism was rampant or that she didn’t do much I don’t know, 

but that’s of little relevance to the point beyond to give credit where it’s due. Of course, one set of 

twins does not a convincing study make, however it is one of the earliest accounts I have found of 

the method being employed. Gessel’s methods were experimental in nature, rather than 

comparative or correlational, something that might be harder to accomplish today, making the data 

perhaps all the more valuable.  

He separated the twins and ‘trained’ one while leaving the other alone as a control, he does not 

specify how long the twins were separated, be that only for the training sessions or for a longer 

duration I cannot know from the publication, but that really isn’t the point. My intention here is 

simply to outline the earliest account I could find in a peer reviewed context, so this suffices. The 

experiment was mostly about developmental learning, especially, at first, motor development. The 

 

53 Joseph, “Twin Studies in Psychiatry and Psychology: Science or Pseudoscience?,” 75–76. 
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twin who received training in climbing a staircase performed, as one would expect, better at the 

first evaluation; however, the gap narrowed rapidly until both the twin who received the early 

training and the one who did not performed on par with each other, I quote: “At 56 weeks and 

again at 3 years, their performance on the experimental staircase was amazingly alike.”56 

correlating the ability in question more strongly with developmental trajectory over time, rather 

than any particular teaching or training. 

Now, that’s something interesting. It’s a result that doesn’t fall victim to the EEA problems; that 

was set up to test developmental timelines, rather than any specific Td or variable trait; making its 

results likely hold even today – those being that children, or at least these two siblings anyway, 

learn these motor skills, seemingly regardless of instruction or teaching, at around 56 weeks of 

age, but that training can accelerate the initial learning stage. This also, like the Luperdi study from 

our chapter on family studies, recognises the limitation of the paradigm and designs methods, then 

applies them to situations where confounds are avoided. In contrast to the correlational studies on 

SZ/BD, Gessel’s study generates, perhaps less potentially useful for us on account of avoiding the 

question of nature vs nurture, but far more reliable results. Though, of course, it is still weakened 

by the nature of generalisation to the population at large, which will be addressed in chapter 5. 

I can’t help but find it interesting that the twin method seems to have become epistemologically 

weaker over time, in contrast to the Luperdi paper that utilised the family study method in a reliable 

way only last year. It seems the arrow of progress is double ended, and perhaps we have been 

trying to push the limits of these methods too far in the same way that certain theories in physics 

break down when pushed too far, such as the issues involved in gravitation at subatomic scales,57 

or quantum electrodynamics.58 These are all useful theories and paradigms that break down and 

generate nonsense results, like infinities, when pushed past their limits; however, they’re still very 

useful, very predictive theories when used within those limits, as were the precursors to those 

theories within their own limits (e.g. Newtonian gravity).  

Perhaps these methods used today to assess genetic or environmental heritability are vulnerable to 

the same problems when used to try and evaluate something beyond the limits of the theory. This 

would make sense, if we consider Ve and Vg as coupled systems (akin to the coupled gravitational 

systems that caused Newton problems) and bring the same confounds from physics into it in trying 

to quantise naturally more chaotic interactions. Or, maybe, there’s a better theory that explains it 

all that we haven’t happened upon yet, like the shift from Newtonian gravity to general relativity, 

 

56 Gessel. 
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and the shift that the physicists are currently looking for in their pursuit of a ‘theory of everything’ 

to explain quantum gravity that doesn’t break under certain parameters.  

Furthermore, the physics comparison above cuts twice; drawing away from the conceptual parallel 

above and into actual physical/quantum mechanisms at play in biological systems, I find it hard to 

doubt that the systems involved here in the biological realm aren’t of similar, or even greater, 

complexity than the physics of the subatomic or the nature of gravity (which is likely quantum in 

nature as per the above cited papers) and the procession of the planets, considering that almost all, 

if not entirely all, of our cellular machinery is influenced by quantum effects to some degree: from 

how we transduce photons in the retina but especially the macula; to the Brownian motion driving 

the motility of all our motor proteins by pure chance of proximity thereby allowing electron 

exchange to drive chemistry; and so on.  

Then, if it is the case that these quantum and/or relativistic effects can flummox even the grand 

scale statistically predictive physics of astronomical bodies in certain situations (e.g. Mercury’s 

orbit required general relativity), but make accurate predictions in others, and this does seem by 

most accounts to be the case, then it stands to reason inductively that they may act similarly on 

biological bodies subject to far greater relative complexity of interaction than orbits, and may play 

a role in the less than stellar track record of predicting behavioural correlates of molecular-

mechanical systems like humans. Or, to use the same terminology as I did earlier: these effects 

may flummox the prediction of complex biological systems, as well, in certain situations. I submit 

for your consideration that this may be part of the reason these methods we have discussed work 

for a number of less complex predictions (e.g. phenotypic height), but fail with complexities 

involved in behaviour in the same way that Newton’s mechanics only worked when the more 

massive object’s centre of gravity was the only factor considered. This realization led to a complete 

reimagining of the mechanism at play in gravitation and gave rise a new and better theory as well 

as a new fundamental concept: spacetime. 

Quantum probabilities play a role in biological systems in a similar way as relativistic effects in 

planetary orbitals, of that I have no doubt, but how much of a role? Does the effect seem to vanish 

at large scales due to the law of large numbers and the averaging of effects due to scale? Probably, 

it sure seems to, but I doubt it’s completely gone in the same way that Mercury was such a problem 

for Newton on account of a ‘mere’ few degrees. Here with this comparison I wish merely to 

underscore an epistemic uncertainty in biological systems that may play a role in undermining the 

molecular genetic accounts of behavioural heritability, where I reason these factors would become 

more prevalent due to the small scale complexity that results from the many interactions that take 

place to get us from the genetic heritance of say, plant height, to that of, for example, diverse 

human appreciation and creation of art. In essence, we may be in need of another ‘new and better 

theory as well as a new fundamental concept.’ 
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This is all to say that the idea in CTCs that genetic or biological factors are equivalent in MZ twins 

may not be as sound as it might first appear, and by extension the reliability of heritability 

quantification may have a negative correlation with the complexity of the trait in question. We can 

make stronger quantifications for simple things like height, but it grows weaker and weaker with 

complicated systems like behaviour that seem to involve far more, and more diverse, genes. 

3.1.2 Reared Apart Studies 

A more interesting consideration is outside the realms of clinical trials etc. and more in the realm 

of study regarding environmental variables in a retrospective manner are the so called Reared 

Apart Studies, or RAS. The relative epistemic strength of the shared DNA makes twin sets 

theoretically ideal for testing environmental variables as well as genetic ones, however the waters 

get murkier the longer one investigates these things. First of all, in trying to study development for 

instance, one may need to isolate the pair from one another from an early age and subject both to 

differential testing in a method called Reared Apart Studies (RAS), a massive ethical or 

methodological hurdle built upon the same issues that CTCs had, that needs serious consideration 

from my current understanding of the issues at play.  

In healthy twins there are generally seen to be two different ‘types’ based on how the twinning 

happened. There are dizygotic twins, who are, genetically, simple siblings who share the same 

birth cohort. They share 50% of their DNA and are conceived from two separate ovum fertilized 

at the same time by two different spermatozoa. The second type is monozygotic, which have their 

genesis in the same ovum and spermatozoa, creating a single zygote that then splits into two which 

develop into separate people. The MZ side also has a few differing subcategories as well, in regard 

to their chorion type, but we will come back to this, and it is the reason I feel the need to reiterate 

the MZ/DZ distinction here, as it will become particularly important when discussing chorion 

types. This should be a sufficient recap of the basics in case there is some confusion at this point, 

not that I expect it. 

As the name would suggest, only twin sets that have been reared apart from each other from a very 

early age, and preferably from birth, can be included in these studies. The paradigm is set up as 

follows: we know that broad stroke genetic variables are shared 100% in an MZ set, controlling 

for genetic influences; however, it is claimed that the EEA need not come into play, as it is 

supposedly safe to assume that the twins who were reared apart were reared in different 

environments, sparing this method from all the criticisms that may be levelled against the EEA. 

Whether or not this is the case has been a topic of some dispute, however, which we will come 

back to in chapter 4 on adoption studies (AS), of which all RAS are a subgroup of, so issues present 

with the generalizability of environment apply to both these RAS studies, as well as the AS studies 

to come. 
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This means that, in any case, discordance between the two twins must be described by an 

environmental factor and not a genetic one; and, conversely, that any concordance observed must 

be due to genetic factors stemming from their shared genome. As A. Haimowitz put it in an article 

discussing the various twin methods: “One twin's phenotype should be the biggest indicator of the 

other twin's genotype”, or so the method posits.59  

While this is mostly true, there is a caveat that needs to be addressed, that of epigenetic drift due 

to environmental influences. Yes, it may be the case that the twins share their entire set of DNA, 

however how much of that is expressed may vary wildly in a twin set who was raised apart and as 

a result were exposed to different environments. Much of the activation and deactivation of genetic 

systems happens very early on in life, much pre-natal in fact,60 which is a strength for the RAS 

model; however, it is not clear that this epigenetic variation ceases after birth, and in fact it is very 

doubtful that it does considering the modern epigenetic literature that links things like trauma to 

increased methylation in certain sections of the genome,61, 62 among other studies that track 

methylation throughout the lifespan in humans.63 This means that, while a RAS model can claim 

100% genetic parity, the causal implications of that are uncertain as the expression of the identical 

genome will not be, well, identical. A question is raised here though by implication: what category 

does epigenetics fall under, Ve or Vg? 

The whole evolutionary purpose of epigenetic expression modulation, it seems, is to allow for 

greater adaptive capacity to the environment, both in a single generation and, emerging evidence 

indicates, vertically through generations as it seems that epigenetic markers can and are passed on 

to offspring.64, 65 It is very well established that DNA methylation can occur later in life, as 

evidenced in numerous PTSD studies, such as the ones mentioned in the previous paragraph, which 
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stress that exposure and vulnerability are the key components to the development of PTSD, in a 

very similar way to schizophrenia. The prevalent explanation is through that of a diathesis stress 

model. Of course, exposure to trauma is an environmental variable; however, it is not the case that 

all those who have been exposed to the same traumatic events will express symptoms of PTSD.  

For instance, in a study from 2016 Magruder et al. showed that the majority of veterans of the 

Vietnam war did not meet diagnostic criteria for any form of PTSD; however, a small but stable 

cohort did.66 The study in question was conducted on male twin sets who were both deployed and 

who survived the war, and while a stronger case may be made by means of specifying within set 

concordance of PTSD, as the study in question did not investigate within set concordance of PTSD 

diagnosis (this raises the question of why this study was conducted upon twins in the first place, 

though that’s perhaps something we need not discuss at present), the results generated do support 

the vulnerability and environmental exposure genesis of PTSD.67 

Another study published just last year in 2019 by Morrison et al. aims to elucidate the role of 

epigenetic factors in the genesis of PTSD, rather than to assess the trajectories of the disorder as 

Magruder et al. did. The authors begin by noting, as I mentioned earlier, that the vast majority of 

people will be exposed to a traumatic event at some point in their lives, roughly 90% to be precise, 

yet only approximately 7% will develop PTSD.68 This is a weaker claim in line with what I 

suggested earlier regarding exposure to trauma not being a predictor of PTSD; I say weaker, as 

instead of looking at all cause PTSD, the Vietnam study, broadly, included people exposed to the 

same trauma (deployment in that particular conflict) rather than trauma in the abstract; however, 

Morrison et al.’s study is more in depth regarding the physical underpinnings of the disorder, 

making it at the same time stronger than the Vietnam study as well, though both suggest the same 

thing: namely that PTSD, or even psychopathology in the abstract, isn’t predicted by a single 

factor, and that epigenetic drift comes into play. 

These two examples, I suggest, point towards epigenetic influences being an environmental factor. 

Further, here after some discussion of these concepts, I wish to suggest a mechanism of action for 

environmental variation in explicit terms, the same concept we have been discussing in the 

preceding paragraphs: epigenetics. I confess coming from a background in some psychology I 

began with a mistaken intuitive assumption that epigenetics would serve as a modification factor 

for genetic variation, and so should be treated as more analogous to Vg than Ve; however, this is 

not the case. In reality, these mechanisms serve mainly, it seems, to be the molecular modulator of 
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environmental adaptation. Of course, we know that environmental adaptation occurs, so it should 

be unsurprising that there is a molecular basis. There may be more complexity here that is 

unavailable to me, however. For instance, it may turn out to be the case that the study of epigenetics 

provides the ideal concrete, observable mechanism for the apparent coupling of phenotype, 

genotype, and environment. We shall discuss this in some more depth in chapter 5.4. 

So, we are left with unelucidated issues in the two major strengths of twin studies: not only can 

there be a case made against the EEA and EtrEA, and a suggestion for the unifying mechanism for 

biological coupling to an organism’s environment, but there is another potential issue to address, 

that again relating to environmental variables, but not how closely correlated they are; rather, it 

deals with the genesis of twin sets’ environmental variables apropos of consideration on their 

bearing on the GHA. This will be discussed in chapter 5.4.1 when we deal with the ‘Twin 

Environment Creation Theory’, which deals with whether or not MZ twins’ similar environments 

influence how similar they are, or if how similar they are as phenotypes influences their 

environment. 

Before we move on though, I wish to mention a problem with the practicality of the RAS method 

and how it can be conducted. There are two ways to get a fully valid situation for a RAS in its 

strongest form: firstly, one can actively split a twin set from birth for the sake of the experiment, 

which of course would not make it past IRBs due to the ethical implications of such an action, 

killing that idea from the start; secondly, one can hunt for twins who do not know they are twins 

as they were separated at birth and have no knowledge of the other, as if they do have knowledge 

of each other, one cannot be certain they haven’t had some overlapping environmental influences, 

such as direct meeting, or discussion etc. I know if I discovered I had a long-lost twin; I’d want to 

meet her anyway. For our purpose here however, that weakens the potential RAS study one is 

trying to recruit for. This also is a problem, as obviously MZ twins separated at birth would be 

very difficult to find outside of cross-referencing birth records with adoption records, which are 

both rather incomplete at best. 

3.2 Upshot 

It should be clear by now that I have been suggesting that there are shortcomings to twin studies, 

despite their evident strengths as well; this is where we can find a fruitful discussion in the 

literature upon the validity of the methods used in twin studies, especially in regard to the equal 

environment assumption. It is worth, also, returning to Sober at this point. How does his claim that 

Twin Studies have the potential to overcome the strategy of “hit or miss” when it comes to 

assigning the degree of genetic heritability? First, let us reiterate the failing in the ANOVA method: 

we need to know three things, the phenotype of whatever is under study, for each thing under 

study, but also the genetic and environmental conditions that go along with it in order to investigate 
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the variance in between them. However, if we have that information, we also already know how 

much of what we observe in a given phenotype can be explained by the environment and how 

much by genetics, but if we do not know what genes are at play and to which extent, we are unable 

to proceed in any way but to begin guessing at genes and testing them in order to gain any insight 

into direct causality of certain genes on behaviour. This is ‘inefficient’ as Sober puts it.69 The same 

can be said of the environment. So, in these situations, we can learn little from performing an 

ANOVA regarding genetic causality. 

Sober cites two possible ways around this problem which should be familiar; these ways around 

are two types of twin methods, the classical method comparing an MZ and DZ sets to draw 

inference; while the second is the reared apart model, where we have a single set of MZ twins who 

were separated and raised or ‘reared’ apart from one another. In these studies, we do not need to 

specify the environmental or genetic conditions we wish to study – we need only choose a 

phenotype found in twins and we get the rest for free by manipulating the environment and looking 

at the genome; however, we are still limited. Even if it is the case that we can assess genetic and 

environmental influences, using the CTM and RAS methods we are brought no closer to a discrete 

set of genes or a discrete environment that we can consider as causing the phenotype in question. 

We can only assess the relative balance between the two explanations. 

So, in light of all of the above, is this method, or perhaps cluster of methods, of study using twins 

actually as viable as its proponents would have us believe? It bears reiterating that this paper is 

focused on the psychological side of this field of study, mainly dealing with human 

temperament/disposition and behaviour; however, it also bears noting that these findings are 

employed in the field of evidence based medicine, and underpin a lot of the medical treatment 

methodologies that we currently employ in 2020, considering it’s the first truly global pandemic 

of your author here’s generation, and perhaps even in history of this scale. Some novel drug trials, 

for example, rely on preliminary studies using co-twin controls to gauge side effect profiles in 

early safety trials that do not require randomisation to ascertain effectiveness/efficacy. So, this is 

not an issue limited to one corner of psychology, but rather runs as an undercurrent through a 

number of disciplines focused on living things, for better and, at times, for worse.  

Obviously, the more recent field of epigenetics will have significant bearing on this entire 

discipline, and medicine as well, but I wish to put the stakes in clear words here and now: These 

are methods, with what can be argued is a shaky foundation, that have lives riding on them . . . 

possibly more than we can even know at present with our way of life threatened by a virus who’s 
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only hope of defeat may be a biologic drug or extremely potent vaccine in light of recent evidence 

that herd immunity is “unachievable” to quote recent Lancet articles. 70, 71 

Evidence based medicine is a very potent method by virtue of its methodology, which is to say 

that we conduct experiments in isolated and controlled settings, and the repeatable findings that 

these experiments generate, in the form of hypotheses that have resisted falsification, and that are 

proven safe in animals can then be applied to human cases in limited scales and under close 

supervision, then if they are still deemed safe they reach efficacy trials to ascertain if they really 

do what they claim to do.  

It is broadly considered unethical to use unproven treatment methodologies in humans, and rightly 

so. The question that must be addressed, then, is why do we trust the findings of co-twin safety 

studies and the like to the extent that we will stake human lives on them? Is the trust we place in 

these twin paradigms deserved? 

For the sake of an experiment there is no better methodology than to isolate the most relevant 

variables, Ve and Vg, one wants to study as cleanly as possible; and, in the case of MZ twins the 

genetic component is broadly identical between the co-twins, making that a relatively trivial thing 

to isolate for the sake of a clinical trial (CT) assuming genetic testing is used, for instance (and this 

is important so we will return to it in chapter 5.2). However, just one set of twins is never enough 

completely on their own, it’s the differences noted between a set of MZ and a set of DZ twins that 

can offer indication of genetics at play outside of the relatively narrow field of co-twin controls. 

Furthermore, this is still a limited demographic, and so we need to address generalizability as well, 

which will be done in chapter 5.6. 

In addition, again from the clinical trial side, the traditional thinking is that these matched twin 

sets (MZ and DZ) have, generally speaking, been raised in the same environment to their co-twin, 

leading to the first part of the Equal Environment Assumption (EEA), which is the primary 

foundation of the Classical Twin Method (CTM), and the focus of this paper. Alternatively, when 

they are raised apart from each other, it is proposed that it can be concluded that they shared very 

little Ve, and so any similarities still remaining between the separated twins could suggest a genetic 

cause. 

 

70 Marina Pollán et al., “Prevalence of SARS-CoV-2 in Spain (ENE-COVID): A Nationwide, Population-Based 

Seroepidemiological Study,” The Lancet 6736, no. 20 (July 2020): 1–11, https://doi.org/10.1016/S0140-

6736(20)31483-5. 
71 Silvia Stringhini et al., “Seroprevalence of Anti-SARS-CoV-2 IgG Antibodies in Geneva, Switzerland (SEROCoV-
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4 Adoption Studies 

From the EtrEA modification, a few other paradigms have cropped up, namely reared apart studies 

and adoptive studies.  We have already discussed reared apart studies (RAS), and now concentrate 

upon adoptive studies (AS). 

Adoption studies are another related methodology for assessing the genetic heritability account of 

traits and or behaviour. They’re much easier to conduct than twin studies, as there is a larger 

sample demographic to draw from. All one needs is data on 1) the birth family, 2) the adoptive 

family, and 3) the adopted child. The general idea goes like this: similarity between the adoptive 

child and the biological parent, who, in the ideal case are not involved in each other’s lives, must 

be due to a genetic factor. Conversely, traits observed that differed between the adopted child and 

the biological parents can be attributed to an environmental factor. The issue here is, however, that 

we can glean no more accurate information from these studies than to say that there is an 

environmental or genetic factor for a given trait T that is under investigation. Twin studies are 

generally believed to provide the necessary specificity within environmental factors via inference 

between studies, which is to say that the data generated from twin studies can be used to 

supplement standard adoption studies in order to harden the claims made by the latter by means of 

assessing gene-environment variance.72 However, given the shortcomings with even the twin 

methods, one has to wonder about the value of adoption methods besides just their stronger 

generalizability, as well as question the idea that those results can buttress adoption results. 

There is a second method that falls under adoption studies as well, that being the so called ‘familial 

method’ (not to be confused with the family study methodologies discussed earlier), where in 

which a single family has adopted more than one child, each from a different biological family.73 

This is intended to show that any trait similarities between the adoptive children is due to an 

environmental factor, namely the familial environment. This leads to the claimed ability to use this 

to isolate familial environmental factors, and in conjunction with the former ‘adoptee method’ 

from the last paragraph, which provides insight on the genetic heritability aspect, one can, it is 

claimed, form a pretty decent model of which traits are genetically heritable versus which traits 

are environmentally heritable. 

 

72 Robert Plomin, J. C. DeFries, and John C. Loehlin, “Genotype-Environment Interaction and Correlation in the 

Analysis of Human Behavior,” Psychological Bulletin 84, no. 2 (1977): 309–22, https://doi.org/10.1037/0033-

2909.84.2.309. 
73 Ming T Tsuang et al., “Gene-Environment Interactions in Mental Disorders.,” World Psychiatry : Official Journal 

of the World Psychiatric Association (WPA) 3, no. 2 (2004): 73–83, 
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The above isn’t to be taken as a suggestion that adoption studies are infallible, or even more reliable 

than twin studies, however. There are a few issues with this method as well. For one, the 

assumption that there will be total environmental differentiation between the birth family and the 

adoptive family may not hold. As you recall, the main thrust of the AS method is to be able to 

make the inference that an adoptive family will be representative of an average family that hasn’t 

been split by adoption, so let’s take a look at that in more detail. What do we know of the baseline 

average family? Well for one there should be a readily established spread of socioeconomic status 

in the general population as a whole; secondly, the treatment of the child could range from 

wonderful to abusive, depending on the family at large. There is no exam or screening process to 

be able to have a child, after all. That is exactly the problem we find with AS methods, however. 

It is not the case that there is all of that variability in adoptive families, for in order to qualify to 

adopt a child there is a screening process, lessening the variation in the pool of potential adoptive 

parents compared to those who create their own children. So, we know that the pool of adoptive 

parents cannot be said to reliably represent the pool of all parents based on those screening methods 

alone. Furthermore, within that same pool of potential adoptive parents, agencies may “assign 

children to adoptive families in a non-random way that introduces correlations between the traits 

of the children and their biological mothers.”74 

It bears noting, again, that the gold standard best possible way to conduct adoption studies is in 

fact on twins who were separated at birth. This is, however, and rightfully so, very rare, leading 

some researchers to dub them, in certain formulations, the ‘holy grail’ of their field.75 The rarity is 

due to the fact that times and conventions have changed and are still changing; the practice of 

keeping twin sets together in the case that the natal parents put them up for adoption being the 

main shift that makes these studies difficult to conduct. For the most part, adopting a twin in 

modern times means adopting their co-twin as well; they come as a set, as some might put it. 

Keeping twin sets together is a requirement for most adoption agencies today actually,76 and 

therefore this sort of methodology, which are functionally the same as the RAS studies mentioned 

later, are extremely rare and hard to conduct. Which is, as I mentioned earlier, ethically a very 

good thing unless we want to repeat the issues with the eugenicists following after Galton; 

however, it does limit the ways in which we can study the genetic heritability of traits or 

behaviours, but the fact remains they are some of the strongest implementation of a twin method, 

 

74 Felson, “What Can We Learn from Twin Studies? A Comprehensive Evaluation of the Equal Environments 
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for whatever that can still be said to entail at this point. Even the strongest implementation of a 

potentially flawed method is still potentially flawed, after all. 

5 Flaws and Limitations in Modernity 

Let us now, in the time we have remaining, look at some of the issues present in the methodology 

covered in the previous sections in greater detail, and with a few novel considerations from me.  

5.1 CTM & E(tr)EA 

Let us here, before moving forward, look to the passing comment Sober made regarding the twin 

methods, namely that they fail to account for things that they need to account for,77 and see if he 

is indeed correct. Over the course of this project I have addressed each form of the twin method, 

as well as its precursors and one of its successors, the ANOVA method. At the end of my 

investigation, it seems Sober is correct in his statement about the limitations of the ANOVA, but 

somewhat wrong about the idea that the twin methods could make up for the shortcomings present. 

Twin studies, if done perfectly, may serve in the capacity he thinks them to; however, this 

perfection is not the reality of the lion’s share of twin studies. Only a nearly impossible to conduct 

RAS study would meet the criteria to work in tandem with an ANOVA to have stronger predictive 

or evaluative power regarding the GHV. 

We have seen the history of the GHV from the familial precursors, to eugenicists, and finally to 

behavioural geneticists of the modern age. We have gone through the process of the CTM coming 

into prominence based on promises of bright new breakthroughs in many fields, and fall somewhat 

by the wayside all the same with its high hopes but far logical reaches; we have seen the EEA 

become known to many researchers, as well as change to suit the needs of researchers who latched 

onto it.  

Let us take a closer look at the EtrEA we’ve spoken about in some greater detail now. Why is 

specifying equal trait relevant environments problematic? Jay Joseph does a wonderful job of 

elucidating this point in particular, so I will be relying on him quite extensively. He notes primarily 

that those who put forward the EtrEA have doomed their method to obsolescence, as if we apply 

the same trait-relevant logic to the likes of family studies we find that they can supposedly explain 

pretty much everything related to genetic factors on their own; this is demonstrably not the case.78  

We can reiterate here that the reason the family study paradigm failed is primarily that everyone 

more or less agreed that they are confounded by the fact that families do, on average, share a 
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34 

 

common environment.79 On first look however, one might say this is a good thing, but let me 

reframe the situation. The EEA failed because the environmental variable between two MZ twins 

in a set is far more similar than the same variable between two DZ twins, and the EEA wanted to 

specify that these should be equally correlated. This is not the case, rather, it is the case that an MZ 

set share more similar experiences between the two than does a DZ set as we discussed before, but 

Joseph mentions it as well explicitly: 

Proponents of the trait-relevant EEA commit the logical fallacy of “special 

pleading,” since they apply the “trait-relevant” argument to the twin method 

but refuse to apply it to family studies, when in both methods environmental and 

genetic similarities are correlated.80 

From this Joseph states that EtrEA proponents have framed their position in a way that can ‘only 

lead to obsolescence. This is due to the fact that if we are to apply the same logic of trait-relevancy 

to family studies, then family studies would, it seems, be sufficient to prove that a condition 

running in a family is enough to define said condition as having a base in genetics, specifically 

unless it can be proven that: 

Affected families were exposed to an environmental agent proven to be 

etiologically relevant to the condition in question. Since family studies would 

thereby settle the question of the existence of genetic factors, there would be 

little reason to conduct twin studies.81 

5.2 Zygosity Determination 

In addition to the other problems discussed, there is a fundamental confound to all of twin research 

that can be found in the way that the data is collated. In order to conduct almost all twin studies, 

but especially in the CTM, determining whether or not a twin set is MZ or DZ is of fundamental 

importance. Of course, the most reliable method would be to simply sequence both twins’ DNA 

and check if they’re the same. If they are, great, MZ set. If not, they’re DZ. There are also 

serological methods employed, which are more common than DNA sequencing, but less common 

than determination based on questionnaire, which is, to my surprise, the method used in many 
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studies, especially older ones.82, 83, 84 If birth records preserve the data, zygosity can also be 

indicated by chorionicity, usually by presence of multiple placentas after birth. Two placentas 

indicate either a) DZ twins, or b) MZ twins who are dichorionic, a much rarer group. Two thirds 

or so of MZ twins will share a chorion type, and as a result a placenta, while DZ twins almost 

never do.85 

However, in practice, determining the zygosity (MZ or DZ) of a twin set is not as clear cut as one 

would initially expect, especially retrospectively. Of course, when thinking of the method one 

could simply do a genetic test and see if the set shares 100% of their genome – if they do, they’re 

MZ, if not, they’re DZ. However, this is not how the majority of zygosity determination is 

accomplished as I have said. This leads us to that major confound of the twin methods I mentioned 

earlier, that being on a questionnaire report method, which is a method of zygosity determination 

based on asking the parents, and/or those well acquainted with the twins, questions regarding their 

similarity. These questions include things such as a rating scale for ‘shared the same friends’, ‘slept 

in the same room’,’ dress alike’, ‘had the same teacher’ and so on,86 or “Is it hard for strangers to 

tell your twins apart based on their physical appearance?”87 This method seems far less reliable 

than DNA sequencing in order to determine zygosity, but it is much cheaper, easier, faster, and 

more accessible to implementation than DNA sequencing. 

However, due to cost and practical issues genetic or serological tests are not issued to every single 

twin set in a birth registry, for instance, which is where a lot of twin data comes from. Further, in 

the case where there are specific sets that one wants to investigate, and they’re geographically near 

enough for both to come in for an in-person evaluation, and genetic sequencing is available, then 

one runs into the limited generalizability due to sample size issue I mentioned earlier. Much, if not 

most, of that data does indeed pertain to just one twin set in modernity, as one might ask, such as 

in co-twin control studies, which are frequently conducted on just one set such as the NASA 
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study,88 because MZ sets that meet inclusion criteria are very rare and geographically spread out. 

If one cannot get physical access to them, the questionnaire report method is the closest that can 

be used to determine zygosity. Twins are usually found in a birth registry and contacted, then the 

mother (if available/alive) is given the inventory to determine zygosity. Or, a call for participants 

is put out, and those who respond’s mothers’ are given the same inventory, as the only alternative 

is to just take the twins at their word, and they may not even know 100%, or could lie, so we can’t 

rely on that. Statistically, in absence of a genetic test, these questionnaires are the best we’ve got, 

and aren’t seemingly very strong. 

Studies have been conducted to evaluate the efficacy of this method compared to genetic tests as 

a control, and it has been found that there is high predictive capacity in determining whether or 

not a twin set is MZ, upwards of 90%,89 however certainty drops significantly the other way 

around. This is, in essence, to say that the questionnaire method can reliably determine if a twin 

set is MZ with higher predictive value than if they are DZ. Think of it this way: regular siblings of 

the same sex generally look somewhat alike, especially in recessive-dominant families so things 

like light hair and blue eyes are preserved generation to generation. So, reasonably, it’s much easier 

to mistake a DZ pair as MZ based on similarity than the other way around, making the assessment 

more accurate when applied to MZ twins, since they’re so alike not many would mistake them for 

regular siblings. Going back to the Joseph quote from the beginning of this paper, citing the need 

to be able to reliably tell the types of twins apart in order to conduct reliable twin studies, we do 

not seem to obtain that level of reliability. As an aside, this discrepancy between twin types may 

also point to a cognitive bias towards noticing differences over similarities. 

5.3 Chorion Control 

A topic not much recorded to my knowledge, delineating a type of differences between how twins 

develop in the womb. Depending on the time of the split a set of MZ twins can experience a 

‘separate’ environment from early on in the pregnancy, as the earlier a blastocyst cleaves apart, 

the more likely the twins are to share a chorion.90 It is suggested that if the initial twinning happens 

before this time period a so called ‘complete’ twinning will occur, essentially meaning that both 

twins will get a placenta and even amniotic sac to themselves, as opposed to the more common 

sense idea that MZ twins will share these factors, placenta, chorion, etc. in all cases.  

 

88 Garrett-Bakelman et al., “The NASA Twins Study: A Multidimensional Analysis of a Year-Long Human 
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In the case of a complete twinning, it is suggested that there will be more equivalent distribution 

of nutrients to the foetus’ as the ability of a single placenta to provide said nutrition will not be 

overwhelmed by two developing organisms. However, this can lead to some differentiation as 

there will, in this case, be no shared blood supply,91 nor ability for the twins to exhibit other so 

called stereotypical behaviours such as the grasp reflex in the womb in later stage pregnancy 

(holding hands in the womb) due to the separate amniotic sacs. On the other hand, this does mean 

the confounds such as one twin being deprived of adequate nutrition or blood flow will be negated 

by and large. What we do know, however, is that MC-MZ twins have a higher likelihood of 

anastomosis, or sharing of a blood supply, which is noted as something “disadvantageous to both 

twins.”92 

Another consideration of ‘sameness’ between these types of Chorions deals specifically with the 

shared blood idea. With the two sharing a circulatory system there should be much finer parity 

between pathogen exposure, or even toxic material exposure depending on what the mother is 

imbibing during pregnancy. 

These differences, along with everything else we have covered so far, should be a strong indication 

that there is no way to make the claim that the EEA is completely valid. Furthermore, 

documentation of the chorionic type of twins, outside of some Scandinavian countries, is very 

sparse, casting doubt on a good number of past twin studies from an epistemological point of view. 

There may even be some genetic differences as a result of this due to the possible uneven viral 

exposure in DC-MZ twins, leading to differing retroviral DNA uptake. 

5.4 Environment vs Genetic Explanations – Coupled Systems 

It’s commonly asserted that traits are determined, or at the very least explained by both a genetic 

component and an environmental component, as we have seen up until this point. Some have 

attempted to isolate one or the other in the determination of the cause of disease, however this 

debate is not as clear as it is made out to be. It seems there is not a clean split in traits as to whether 

or not one is primarily affected by Vg or Ve. In fact, I posit that the idea of ‘trait-dependant 

primacy’, to coin a term to mean which factor has the most explanatory power when considering 

individual traits, suggesting that this can vary depending on which trait one is observing, is 

untenable. Each trait in an organism is affected by both Vg and Ve, and it is even the case that Vg 

can affect Ve, and that Ve can in turn affect Vg. This is what we call a ‘coupled system’ where in 

which anything that happens to one component of the system has an effect on the other component, 

which in turn will feed back into the first component nearly ad infinitum if we are trying to quantify 

 

91 van Beijsterveldt et al., 304–5. 
92 van Beijsterveldt et al., 305. 



 

 

38 

 

it – we basically we get into entropic chaos theory. One may ask, then, how we have managed to 

manipulate genetics to such an extent as humans if they’re so chaotic? To which the answer is 

simple, the chaotic nature of the very small averages out into a predictable paradigm on larger 

scales. The mechanism for this is as of yet unknown, but is clearly visible in physics even as far 

back as the dual-slit experiment looking at wave particle duality, and we can even manipulate these 

systems with math a la quantum computing in modern times, but that doesn’t mean we can simply 

change them in a finite way like flipping a bit, it’s all about manipulating probabilities in quantum 

gates.93 As a result it is much more parsimonious to consider the entire coupled system as atomic 

on its own, in the same way we do for qubits, and apply probabilistic system dynamics accordingly, 

only breaking it into discrete parts when and if they can be manipulated individually. 

Take height for example, a phenotypic trait that most people consider very explainable by  genetics 

on the broadest scales and the example we have used so far in our thought experiments, which is 

to say, in ANOVA, Vg would sum out to the strongest explanatory factor for the phenotypical trait 

of height, assuming good nutrition, as per what we discussed in the introduction. It is perhaps the 

case that in a ‘good’ environment that meets nutritional needs then maximal height is determined 

in some part by genetics; however, if we look at places in which nutrition is scarce we find massive 

disparity in height between those in the deprived environment than in the plentiful one. A stark 

example of this is North vs South Korea, where the northerners are quite a bit shorter than the 

southerners, despite sharing nearly identical population wide genomic correlations.94 

It is pretty clear that we know this is due to malnutrition, but that is in and of itself an environmental 

variable, carrying profound explanatory power regarding the observed phenotype regardless of 

genetic expression. It is likely the case that there is some genetic coding that responds to an 

environment with little food by reducing size consistently across the entire organism, rather than, 

say, not developing a vestigial organ to save the same energy expense. The whole system scales 

down in response to the environment, which leads then to different requirements of an environment 

to sustain the organism, which changes the organism’s response to the environment once more, 

which again will lead to the organism changing its environment, until an equilibrium state is 

reached. 

Another example one could point to would be eye and hair colour, other traits that have a strong 

genetic component. Take for instance that a person may have the genetic code for the very rare 

traits of green eyes and red hair, but also have a mutation somewhere else in the genome that 
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causes melanin production to cease, leading to albinism and thus grey/blue eyes and white hair 

due to the lack of pigmentation. This goes to show that even Vg alone are not one variable, but 

subdivided into many different aspects, some of which can be overwritten by other sections of the 

genome or attenuated by epigenetic markers as a result of Ve. 

So, what factor has greater explanatory power in the primary dichotomy of genetic, or 

environmental influences, specifically in the case of behaviour? It’s clear that it is not one or the 

other, so will this lead to something clear or a whole bundle of weeds related to the coupling of 

these two functional systems? 

Weeds. It is weeds growing upon weeds. Most biological systems are coupled in a fundamental 

way to the environment, with constant interaction between genetic and environmental factors from 

the genesis. Moreover, this may be the core function of genetic effects to begin with in broad 

strokes, and with epigenetics for more fine-tuned, and importantly, rapid adaptation – to be able 

to adapt to an environment is, for all life on earth until relatively recently, the ability to survive. 

Humans have reached a state where we are no longer subject to this, however, able to shape our 

environments as we see fit, and our endeavours to do so are only growing grander and grander in 

scale. The expression of genetic predisposition being modified on the fly by environmental factors, 

such as nutrition, and then backflowing once more via transcription factors editing the way the 

genome is read and copied in epigenetic mechanisms, which may in turn be passed on to offspring, 

in a sense, is life. 

5.4.1 Twin Environment Creation Theory 

There has been some debate since around 1955, and not unwarrantedly so, about whether or not 

environmental factors can influence themselves, as if the mess between environmental variables 

and genetic variables regarding causation wasn’t opaque enough already. On the surface, this 

doesn’t seem controversial, of course an event could have an effect that could cause a difference 

in the same mechanism upon the next event. Think even of the ubiquitous amplification cycles we 

see in everything from electronics to our very immune systems, an event X causes yet another 

event that replicates the cause for event X, but multiplies it in number, now leading to two things 

that can cause event X, which in turn make two more each to cause event X again. Rapidly an 

effect is made orders of magnitude stronger, more efficient, and more complex than it began; 

however, in our attempt to look at genetic heritability this could end up being a massive problem. 

In this case, when we look at the environment of a child, we likely assume that it is a sort of push 

and pull of cause and effect. What a child may do, will affect how another will react to them, and 

so a specific question arises in the case of twins: do they create their own environment, or react to 

it? By this, in our context here, in light of the above criticisms of assuming correlational parity 

between twin environments, I am referring to the question of whether or not twins are very similar 

because they truly are very much similar people, or because we treat them similarly to each other? 
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Which way does causality go; do the twins themselves create an environment that they experience 

similarly, or is it because they are so similar that they end up being treated similarly? 

This is the crux of an issue that’s been plaguing twin studies for a while now. For instance, back 

in 1977, Hugh Lytton drew the conclusion that, yes MZ twins are treated more similarly to each 

other than were DZ twins,95 which serves as yet another account to undermine the validity of the 

EEA at least to some degree as we have seen in the preceding sections. For now, on account of the 

similarity in treatment following closely with the actual zygosity of the twins, Lytton concludes 

that the similarity of the twins themselves creates for them the similar environment.96 Causality is 

directed away from the set, where they cause their own similar treatment by the mechanism of 

their own ‘phenotypical homogeneity’.97 Thus of course indicating that, to answer our heading 

question, twins do create their own environment that treats them similarly, and not the other way 

around. However, this doesn’t strike me to be an open and shut case, for of course most of us know 

a pair of twins, or have at some point, and while at times they can be strikingly similar, it doesn’t 

seem obvious on the face of it that they are as similar as they sometimes make out to be. There’s 

a possibility of MZ twins leaning into their own marked similarity on account of environmental 

factors thus setting a paradigm of amplification I mentioned earlier. If it is the case that the world 

wants to treat them in a more similar fashion, they may end up becoming, or at least appearing, 

more similar to each other than they really are, directly because that is what we expect of them. 

There’s another catch here as well, as it is sometimes the case that MZ twins are frequently difficult 

to distinguish from each other by looks alone. While many sets take this as a challenge to try to 

differentiate themselves from each other as much as possible, to achieve a greater level of 

individuality via their own chosen behaviours and interests, almost leading to a possible inbuilt 

method for them to begin to lose similarity between themselves. Lytton makes another interesting 

observation in a different paper published in the same year where he notices that sets of twins, 

regardless of background or other possible Ve, tended to receive less demonstrations of affection 

from their mothers, as well as less verbal interaction,98 (data on fathers from this far back is 

difficult to find) possibly also leading to an environmental pressure to get along with each other 

as much as possible in order to make up for the lessened positive interaction with their mothers 

and presumably others in their lives. This could indeed be an environmental factor, conversely to 

what was suggested above, encouraging the similarity between twins, as we know from history 

 

95 Hugh Lytton, “Do Parents Create, or Respond to, Differences in Twins?,” Developmental Psychology 13, no. 5 

(1977): 456–59, https://doi.org/10.1037/0012-1649.13.5.456. 
96 Lytton, 459. 
97 Lytton, “Do Parents Create, or Respond to, Differences in Twins?” 
98 Hugh Lytton, Dorice Conway, and Reginald Sauve, “The Impact of Twinship on Parent-Child Interaction,” Journal 

of Personality and Social Psychology 35, no. 2 (1977): 97–107, https://doi.org/10.1037//0022-3514.35.2.97. 
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those most alike and most understanding of one another tend to get along better and survive better 

in a communal environment. 

This also points towards a possible hint about the observed heightened closeness between a twin 

and their co-twin, something many simply attribute to them spending more time together. 

Unfortunately this study from Lytton, while including both MZ and DZ twin sets, didn’t make 

distinction between them in the interpretation of their results, so we can draw no strong inference 

regarding covariance between zygosity, however this does show that, regardless of zygosity, twins 

experience a different environment than we consider ‘typical’ in formative years, and one we may 

consider less than ideal in some ways at that, confounding extrapolation of results from twin 

studies to the general population. Further, in the same study, Lytton remarks that language 

development is slower and sophistication less advanced in all types of twins compared to 

singletons.99 What this may indicate is of course a question up for discussion, however it strikes 

me as somewhat obvious, anecdotally, that rather than there being some sort of genetic factor 

delaying their linguistic development, that there is just less of a selection pressure on them to learn 

linguistically. If one thinks about it, language in humans’ primary purpose is to foster social 

cohesion and cooperation, but when one has grown up their entire lives next to another so very 

much like themselves, who can pretty much predict what one might want or do, there is less need 

for complex expression. In addition to that, there is already a sort of inbuilt alliance present in 

twins, as evidenced by their well-known closeness when compared to singletons.100, 101 An ally is 

there, you needn’t go out searching for one and trying to make certain you don’t screw it up, thus 

more primitive linguistic ability might be expected, at least in the years that children are pre-

literate. There is also a fascinating phenomenon amongst twins, that of cryptophasia, or put 

directly that they sometimes create their own languages that only those in the set can understand. 

I don’t think that would have much bearing on our issues here, but it is worth noting in light of our 

discussion of language. 

Going back to the maternal environment, the lessened affection they experience may also play a 

role in their lessened verbal ability by relation of modelling. Humans learn at an early age by 

mimicry, and so being interacted with less, especially when less and less affectionately, this could 

be an environmental factor relating to their cognitive ability that may well masquerade as genetic, 

 

99 Lytton, Conway, and Sauve. 
100 Michele C. LaBuda, Dace S. Svikis, and Roy W. Pickens, “Twin Closeness and Co-Twin Risk for Substance Use 

Disorders: Assessing the Impact of the Equal Environment Assumption,” Psychiatry Research 70, no. 3 (1997): 155–

64, https://doi.org/10.1016/S0165-1781(97)03045-X. 
101 Fosse, Joseph, and Richardson, “A Critical Assessment of the Equal-Environment Assumption of the Twin Method 

for Schizophrenia,” 2. 
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as the variation is minimal between the affected twins; factor in that this pattern holds for DZ twins 

as well, and we find yet another confound for the EEA. 

5.5 Fertility Treatment 

There is something else we should at least touch on in modernity that has to do with assisted 

reproductive technology, or fertility treatment, as much of modern twinning comes as a result of 

such modern interventions.102 Generally, I understand this to be due to multiple eggs being released 

under the influence of the drugs involved and as a result are biased to produce DZ twins, but are 

there implications for MZ as well? One would expect so in some capacity, more eggs means more 

chances for a MZ twinning to occur after all. Is this intuition on the right track? Unfortunately, it 

does not seem this is the case as I cannot find much literature at all even related to MZ twins being 

born as a result of modern fertility treatment on their own, but the question remains undecided in 

the case of extraordinary multiple pregnancy, where it is theoretically possible to have a triplet or 

quadruplet (or so on) pregnancy, with two of the babies being MZ twins while the others are DZ. 

What a way to confuse the world if that was the case; one MZ set could have each other as twins, 

but also another ‘twin’ (Triplet? Sibling?) who was simply another sibling born from the same 

pregnancy.  

Now that would be a case twin researchers might fall over each other trying to get data on. You 

could theoretically defeat the entire EEA confound that way, and discount much of what I have 

gone over in the previous chapters, because no assumption is needed; you could have an MZ set 

and a DZ control sibling or even a complete DZ set born at the same time, to the same parents, and 

who are raised in the same household under as close to the same conditions as one could get. I 

tried to dig up such a case, but I was unable to find an actual example of this hypothetical 

happenstance of a triplet or quadruplet set containing a MZ twin set in the literature, which may 

be for the best. I’d be inclined to feel sorry for such a family, on a number of levels but mostly just 

for the sheer number of interested academics who are sure to find them eventually. 

Anyway, my speculative musing aside, intuitively there still seems to be a relevance here, at the 

very least as a confound due to the increasingly skewed ratio of DZ to MZ. Even if modern 

treatments lead to more MZ as well as DZ (which seems unlikely), the ratio should favour DZ 

directly, leaving any observed increase in incidence of MZ to be as a result of secondary causality, 

which we would need to verify empirically should any link be uncovered that could have causal 

implications for behaviour. 

 

102 Adam Goody et al., “Twins Born Following Fertility Treatment: Implications for Quantitative Genetic Studies,” 

Twin Research and Human Genetics 8, no. 4 (2005): 337–45, https://doi.org/10.1375/1832427054936817. 
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Moving on, if modern treatments are causing more twins, how, if it all, do they differ from a non-

fertility-assisted set of twins? Do those exaggerated hormone levels play more role than we expect? 

Will this need to be factored in along chorion controls in the future? Will it confound inference 

from old data compared to new? Sadly, there is no data on these questions that I was able to find, 

and so they remain just that, open questions to be, I hope, answered empirically someday as a 

future direction for research. 

From what I have read though, this approach with fertility assistance raises some very relevant 

questions. Considering in utero differences in environment are things I am currently considering a 

confound to a few crucial assumptions of TS’, such as the EEA, adding in large doses of hormones 

could have direct effects and mess with the comparison between MZ and DZ sets, especially in 

the interim between treatment and the formation of a viable pregnancy. These effects may be 

especially relevant considering some of these disparate factors come into play in the first 72h or 

less of a pregnancy, such as the chorion considerations from earlier. Elevated progesterone, 

oestradiol, and perhaps other forms of oestrogen such as E1 (estrone) and E3 (estriol) as they are, 

one, much weaker estrogenic compounds with significantly reduced binding affinity; and two, a 

hepatic metabolic by-product of E2-in-oil injections, a common fertility drug along with the 

progesterone injections that are especially common, may have deleterious effects on the new 

zygote. I do not have data on other non-steroidal drugs involved in fertility treatment at time of 

writing, so I will leave this here. 

5.6 Generalizability 

Going back the experimental sphere for one last run about something we have touched upon a few 

times, one weakness of the Classical Twin Method is poor generalizability to the population as a 

whole, and, of course, small sample sizes limited by many factors such as the comparative rarity 

of MZ twins, and actually finding them to recruit into a study. That alone introduces a significant 

confound, as in order to reply to a study looking for their subjects, the twins recruited must know 

of the existence of their co-twin, in order to know they are a twin set and relevant to the study. 

They generalize poorly because the results garnered from the an experiment based on the CTM in 

a single twin set must, by definition, be relative to one specific genome, the one shared by the MZ 

twins, and there is no compelling reason that those results should generalize to the rest of the 

populace in a clean, predictable manner, making this sort of experimental paradigm a strong first 

line for isolation of variable and effect, but poor for overall evaluation of general safety, for 

instance, or expected treatment potency as it effectively only shows results from one genome. This 

is alleviated somewhat by larger samples and repetition of the experiment with a larger sample of 

twin sets; however, while this increases test-retest validity, it reduces the ability to draw 

conclusions regarding how much a single gene can explain observations in the topic of study, 

something twin studies struggled to do in the first place. 
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In order to take results from twin studies and apply them to the rest of the population we must 

make some critical assumptions, the chief one being that the environment that a MZ twin set 

experiences is not different than that of any random person, or, that [Ve
mz = Ve], something Sober 

notes as a questionable assumption,103 and as we can see by this point considering all of the above 

considerations about twins and their environments in chapter 5.4, this assumption does not hold 

well at all.  

That is not the only problematic assumption either, for in order to even reach that point we must 

also assume that the gene-environment interaction, or the value of I, is 0 for the twin method here, 

making the genetic and environmental factors purely additive. And while it may be the case that 

this is sometimes true, sometimes is not good enough, for in order to figure out if we are going to 

get a strong answer from our twin method, we would first have to run part of an ANOVA to find 

out the actual value for I empirically. Which, of course, we cannot do without specifying what 

genes and environments we wish to study, which in turn we cannot do and is the exact reason we 

have turned from the ANOVA to the twin methods in the first place. 

6 Conclusion 

Looking back at Jay Joseph’s summary of the twin method’s requirements we quoted before:  

1) there are two types of twins, and researchers can reliably distinguish between 

them; 2) the results from twin studies are generalizable to the single-born 

population; and 3) the environments of MZ and DZ twins are roughly equal.104  

We can see now that all three requirements for twin studies have problems: (1) due to the zygosity 

determination issues outlined in chapter 5.2, (2) because of the considerations directly above in 

chapter 5.6 regarding limited generalizability, and (3) due to the many problems with the EEA 

discussed over the course of this paper. So, not only is it not the case that Ve
mz is equal to Ve

dz as 

claimed in the EEA, but it is also not the case that Ve
all twins equals Ve, both for the reason Sober 

mentions in regards to the RAS method, namely that adoption agencies are more selective with 

potential parents than nature is, but even outside of the RAS methods via the issues pointed out in 

section 5.4.1 about Twin Environment Creation Theory.  

So, all three criteria for valid twin studies being less than reliable in global circumstances, I think 

we can convincingly say that these methods are not the most applicable choice for the goal of 

making population wide inference; however, it may still be the case that the methods have use in 

 

103 Sober, “Separating Nature and Nurture,” 65. 
104 Joseph, “Twin Studies in Psychiatry and Psychology: Science or Pseudoscience?,” 73. 
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more specific situations, or those of more limited scope – perhaps investigating the progression of 

genetic disorders within genetically related family members would be a good application, or again, 

novel drug trials as I mentioned, or further yet assessing the effects of space on any human body, 

something we had no data about before the NASA twin study, and so fine grained generalization 

isn’t the main concern. 

So, to go back to Sober with the inquiry as to whether or not twin studies show what they set out 

to show and whether or not they can help fill in the blanks left by ANOVA, we are left with a 

pretty disappointing ‘not really’ on both accounts. 

I’ve outlined the methodologies and paradigms involved in twin studies specifically and have 

suggested that we cannot be epistemologically certain of their trait similarity for any discrete 

reason. So why, then, are they so similar? It’s clear that, regardless of how I may try to frame or 

dismantle the epistemological validity of the methods we have discussed, when we look at a MZ 

twin set the fact remains that they are strikingly similar. If it is the case that genetics cannot fully 

explain this similarity, and neither can the environment, and nor frankly can the coupled system 

of epigenetics (as it would suggest them to be more different than we observe due to accumulated 

variance over time) then I must admit that my conclusion here will not be very helpful for those 

trying to study the genetic heritability account.  

The issue can be summed up almost in terms of statistical probability distributed between all 

possible worlds of variance, or, as the case may be, invariance. No one set of variables can answer 

the question; however, the sum of all of them, in my opinion, can. It may not be the case that we 

can say that twins share the exact same genetic factors, nor can we say that twins share equally 

correlated environmental factors, nor even can we say for certain the direction of causality 

regarding their similarity, but put all of those together and we can see with our very eyes that MZ 

twins are, indeed, highly correlated to each other in terms of traits and behaviour. As such, it may 

be worth considering the entire dynamic as atomic as I mentioned in chapter 3.2.  

It appears to be impossible to tease apart the various influences into smaller chunks that we can 

study without confounds, and as such, treating the dynamic as something that reflects that inability 

to separate influences may be the only way forward.  

So, if that’s the case, what’s even the point of these types of studies, if they are unable to show 

predictive capacity regarding the environment, genetics, and/or both combined? Well, they do still 

make good safety trials as mentioned, and co-twin controls can be a strong indicator of where to 

look for causality of Td. Twin dynamics are a unique situation that are non-reflective of the general 

population of humanity, and the hopeless tangled mess makes it so that it is impossible to separate 

in a way that generates testable predictions for said general population, which in turn takes out the 
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two main foundations of the GHA – we know that ANOVA cannot directly indicate genetic 

causality, and it seems twin methods fare no better at doing so. 

For proponents of the GHA of behaviour, I must conclude that there is no viable means of 

extrapolating genetics to behaviour. To end with something close to home, everyone likely has 

someone in their family who is not like the rest, in one way or another, and some may even say 

that’s an influence of whatever bloodline they have that the rest of the family lacks. For instance, 

in my own extended family of in-laws, there are outliers that the older generation blames on the 

Milton (alias) blood in them, they’re more viscous and calculating than the rest, for instance, but 

really, those outliers are expected in any probabilistic system, and looking for a causal indicator is 

simply a human cognitive bias. 

With all of that said, however, I do not wish my writing here to be a call for the twin methods to 

fall out of use entirely as I suggested earlier in this section. They have demonstrated high levels of 

utility in certain contexts, even if they are untenable in others. Due to that sheer utility I support 

their use in very limited modern forms where there is no other means of study like the NASA 

twins, but caution against drawing firm or unshakable conclusions from these methods that are 

not, or cannot be, empirically verified. There is enough theoretical uncertainty that, in combination 

with methodological flaws that will always be a concern throughout all of science, suggests to me 

that we simply cannot continue along similar lines of investigation without due caution that this 

fundamental epistemological uncertainty generates. 

In any event, I hope that this paper at least casts a shadow on to reliability of any methods which 

claim predictive capability related to genetic heritability of behavioural and/or psychological traits, 

as a concept in line with considerations put forward by Moor and Shenk in The Heritability Fallacy, 

chief of which being the assertion that any of the above considerations implies a causal relation on 

a case by case basis – something patently false in all of these measures of variance in a 

population.105 And it still remains the case that considerations of that sort assume perfect 

implementation of the methods we have discussed at length so far. Even in the most ideal 

circumstance, as we have seen, there is nothing really that can be gleaned from these studies 

regarding individuals for the GHA. If anything, this field remains at best something to be employed 

in very specific circumstances looking at broad stroke correlations, and not attempting to establish 

explanatory power on broad scales, but rather to direct the efforts of other methods, if they must 

be used at all. However, twin studies in their worst implementations have been used in some of 

the worst atrocities known to man, such as with Galton and his 20th century contemporaries in the 

fields of eugenics. If a revival or breakthrough in these methods is ever to be brought to fruition, I 

 

105 David S. Moore and David Shenk, “The Heritability Fallacy,” Wiley Interdisciplinary Reviews: Cognitive Science 

8, no. 1–2 (2017): 1–8, https://doi.org/10.1002/wcs.1400. 
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can only hope we don’t repeat the mistakes of the past, both in  attempting to generate new 

knowledge, and in the proper, ethical, use of the scientific methods at large.
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