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ABSTRACT: Appearances can be misleading, but not in the social sciences. Based 
on the statistical aggregation of intuitions (observations, self-reports, interviews) 
about reality across individuals that converge while seeking a 1:1 relation, the 
primary model of decision making attempts to make intuitions rational. But 
despite its many claims to the contrary, the social sciences have failed in building 
a successful predictive theory, including in economics where the results from this 
failure, re-labeled as irrational, have won Nobel prizes, yet irrational humans in 
freely organized and competitive teams strangely manage to be extraordinarily 
innovative. In contrast to traditional social science, the most predictive theory in 
all of science is the quantum theory, each prediction confirmed by new discoveries 
leading to new predictions and further discoveries, but the dualist nature of the 
quantum theory makes it counterintuitive despite more than a century of intense, 
unflagging debate. By re-introducing dualism into social science with a quantum-
like theory of social interdependence, we offer an opportunity to rehabilitate social 
science by successfully making predictions and new discoveries about human 
teams that account for the abysmal performance of interdisciplinary science teams; 
that generalizes to the newly arising problem of how to engineer hybrid teams 
(arbitrary combinations of autonomous humans, machines and robots); and that 
explains the counterintuitive prediction that highly interdependent teams do not 
generate Shannon information, but instead “darken” as a team becomes perfect, 
meaning, intuitively, that structural information about a team can be gained only 
under competition (i.e., perturbation theory).
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Introduction

After Copernicus discovered that motions of heavenly bodies were counterintuitive, 
Kant (1755-70) reasoned that intuitions mislead human observers by not conforming 
to objects, rather,

in a manner contradictory to the senses … [let us] seek for the observed 
movements not in the objects of the heaven but in their observer …

Kant’s reasoning has not been adopted by social scientists. Consider decision theorists. 
Ignoring Kant, based on the convergence of simple observations (e.g., polls), Tetlock 
& Gardner (2015) concluded forecasting “is a skill that can be cultivated”, and that 
prediction, politics and human affairs are not inscrutable, but instead like weather 
forecasting where short-term predictions are possible, rational and reasonably accurate. 
However, their first “superforecast” that Brexit would not be supported by the British 
electorate failed, as did their second superforecast that Trump would not be elected 
as the next U.S. President (Lawless 2017a,b)1.
To explain the Tetlock-Gardiner failures and other anomalies, our research on the 
quantum-likeness of interdependence supports the dual nature of human affairs first 
theorized by Bohr (1955). In agreement with Bohr, we have found that the more 
certain are social scientists about the human observations of behavior (e.g., based on 
interviews, surveys or self-reports), the less certain becomes the information gained 
about the human behavior being studied, nullifying predictability (Zell & Krizan 
2014); e.g., despite the strong claims over decades about the importance of self-esteem 
for academics and work (Diener 1984), in a 30-year meta-analysis, Baumeister and 
colleagues (2005) found virtually no association between self-esteem and either 
academics or work; also, social scientists extol the value of standardized tests, even 
though the variability that these tests account for is unacceptable in the engineering 
of hybrid teams (e.g., Kuncel and Hezlett. 2007argue that the standardized GRE test 
scores predict the success of graduate students, but their averaged observed correlation 
of less than 0.30, corrected to about 0.40, means that between 80-90% in the variance 
of a graduate student’s success is unaccounted; for a rehash, see Kuncel & Sackett, 
2018); and from a news report in Science (Cohen 2013):

The women reported using PrEP 90% of the time, and their unused returns 
seemed to validate that figure. But when the researchers later analyzed blood 
levels of drugs in the women, they found that no more than 30% had evidence 
of anti-HIV drugs in their body at any study visit. “There was a profound 

1   see http://goodjudgment.com/superforecasting/index.php/2016/11/03/is-donald-trump-mr-brexit/
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discordance between what they told us, what they brought back, and what 
we measured,” infectious disease specialist Jeanne Marrazzo said.

These examples characterize a problem with measurements that Wendt (2015, 67) 
described as “the apparent impossibility of an objective measurement”. For humans, 
we claim that the dual nature of interdependence creates the measurement problem 
in human affairs (Lawless 2017a, b).
From Plato and Aristotle to Descartes, dualism has a rich history. An early devotee, 
James (1892) coined the term complementarity for different parts of consciousness 
sharing no knowledge from other parts (p. 206), confirmed by Gazzaniga’s (2011) study 
of split-brain patients: “the left half did not know what the right half was processing” 
(p. 57). “Complementarity” is the term borrowed from James by Bohr for his theory 
of quantum indeterminancy (Pais 1991). Since Einstein, Bohr and Schrodinger, the 
quantum model has become the most successful predictive theory ever (Weinberg 
2017a). James, however, eventually rejected dualism in favor of pragmatism, a rejection 
loosely transformed into today’s experiential monism (Stubenberg 2017) to support 
the “rational” model of decision-making. Not following James, Lovejoy (1930), his 
student, in vain, turned against James in support of dualism:

The revolt—within the realistic provinces of philosophical opinion—against 
dualism, both psychophysical and epistemological, has failed. (p. 264)

Lovejoy lost his battle. Similarly, the theory of group dynamics, introduced by Lewin 
(1951), the founder of social psychology, has become a blind alley for his model of 
interdependence. Witness this claim from the esteemed social psychologist Jones 
(1998, 33),

useful theory has been difficult to develop … [probably] by the bewildering 
complexities involved in the study of interdependent relations.

Not resolving these “bewildering complexities” has left researchers in the social (e.g., 
economic, humanistic, philosophic, networks, game theory) disciplines struggling to 
predict the outcomes of basic interactions, exemplified by the difficulty in replicating 
experiments (Nosek 2015); left them aimless (Hofman et al. 2017); and left them 
stunned by the achievements of their colleagues in the hard sciences (e.g., physics, 
chemistry, biology, engineering). The philosophy or history of science, where the search 
for truth goes to die, has replaced the foundations inherent in science with endless 
debate (Nickels 2017).
Endless debate is a clue: Even as they preside over their exquisitely predictive discipline, 
quantum scientists have struggled for a century over the interpretation of the quantum 
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(Weinberg 2017a). Putting that aside momentarily, the social sciences have been built 
atop methodological individualism (MI), the supremeness of the individual but with 
no theoretical value generalizable to teams (Ahdieh 2009). Yet, at this point in human 
history, predictability is critical, to borrow from Kuhn (1962/1970, 169), to find “the 
solved problem” for a theory of hybrid teams, otherwise their construction and use, 
unlike designing and perfecting bridges, will be ad hoc.2 Worse, ignoring the warning 
by Jones about the bewildering nature of interdependence, the National Science 
Foundation’s (NSF) has repeatedly and blithely called for more interdisciplinary 
scientific teams in the pursuit of new research. Yet, based on the work of Cummings 
(2015), the National Academy of Sciences (NAS; see Cooke & Hilton 2015) reported 
that interdisciplinary scientific teams performed the worst of all. In a public discussion 
with Cummings, we concluded that the failure of interdisciplinary scientific teams to 
perform had little to do with interdisciplinarity, per se, but with redundancy.
“Redundancy” is the tale of an unexpected discovery in social science based on a new 
theory of teams that provides mathematical metrics for human and hybrid teams. 
Shannon’s information theory argues that teams and organizations should minimize 
interdependence (mutual information); similarly,  experimental social psychologists 
recommend that interdependence should be statistically removed to increase the 
replicability of an experiment (Kenny et al.1998, 235). But the result of this advice 
from both disciplines has led social scientists to discount the value of interdependence, 
analogous to believing that the study of the atom would be easier without having to 
deal with its “pesky” quantum effects.
Returning to the report by NAS (Cooke & Hilton 2015; Cummings 2015), based 
on informal analyses, the most productive science teams maximize interdependence. 
From Wendt (2015), “humans live in highly interdependent societies (p. 150) … 
[where they form] organized, structured totalities in which parts and whole are 
dynamically interdependent …” (p. 134). In support, we found that redundancy 
decreases interdependence; increases the opportunity for corruption; and reduces the 
ability of teams to innovate (Lawless 2017a,b).
Interdependence signifies a communication between two or more agents, where the 
interdependence inherent in public competition, such as public debate, becomes 
a “multiplex” communication to an audience of witnesses; e.g., politics, science, 
juries, entertainment. The interference from interdependence, both constructive 
and destructive, is the competition inherent in checks and balances that limits 
power, demonstrated by Justice Ginsburg’s (2011) unanimous ruling rejecting the 

2 The first attack ever by a swarm of drones has already occurred: “A series of mysterious attacks against the main 
Russian military base in Syria, including one conducted by a swarm of armed miniature drones …” (Sly 2018).
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Environmental Protection Agency’s (EPA) rule for CO2 until it was made ripe by an 
“informed assessment of competing interests”.
Needed is a theory of teams like ours that combines rationality and interdependence 
based on mathematical principles which we continue to develop and review in this 
progress report. Without a mathematics of interdependence, hybrid teams in the 
future will remain intuitive, inefficient or not effective. For a mathematical grasp 
of interdependence, which works like quantum entanglement, we have divided it 
arbitrarily (the only way possible) into bistable views (e.g., action-observation; Tribe-1 
versus Tribe-2; prosecutors versus defense attorneys; Einstein’s interpretation of 
reality versus Bohr’s); uncertainty from the convergence of interpretations, producing 
incompleteness; and the inability to factor social states (e.g., the measurement of an 
interdependent social object affects the object measured).

The bistable views of different tribes

In Kuhn’s (1977) view, a set of ideas developed within a paradigm impede the 
alternative views of reality that arise among different cultures or groups (Tajfel 1970), 
like liberalism versus conservatism, prosecutors versus defense attorneys, or pre-
Planckian physicists versus quantum physicists, thereby generating a tension whenever 
an anomaly cannot be explained by the prevailing beliefs, easily dismissed when there 
is no means to test a new idea, but when there is, creating the tension essential to 
change. Unlike philosophy which is debatable but untestable, physical theories, made 
testable by their predictions with mathematics, create that tension naturally when 
users consider an equation’s new applications or its generalizations to new physical 
theory; still, an equation’s interpretations or paradoxes can create conflict like with 
the endless quantum debates.

Convergence

The value of interdependence depends on the free movement of ideas, people and 
capital, why the first target of an autocratic government is censorship (e.g., see the 
New York Times article about censorship in Turkey; in Gall 2018); why a business 
might try to silence its opposition (NYT 2018); or why a majority religion might 
choose to persecute a religious minority (Kishi 2017). By forcibly promoting 
individualism, however, censorship kills civic and other intellectual forms of innovation 
(for censorship in Russia, see Varadarajan 2018). But, unlike MI, interdependence 
advances social theory.
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From Shannon, in words, joint information is greater than (as the dependence 
between agents increases) or equal (as the independence between agents increases) 
to its contributors3:

                  informationjoint ≥ informationagent1
, informationagent2

                                                        (1)

(mathematically, HA,B is the joint entropy of two sources or agents and HA or HB is the 
entropy of one agent, giving: HA,B ≥ HA, HB). The point to be taken from Shannon is 
that censorship reduces the value of interdependence as a resource.
In contrast to Ginsburg’s (2011) “informed assessment of competing interests”, few 
appreciate that the value of interdependence improves social welfare by solving 
problems (Kuhn 1962/1970). Instead, recently, there has been a turn away from 
“checks and balances” as a means to improve social welfare by replacing it with 
(Vermeule 2018):

the administrative state ... [where its] agents may have a great deal of discretion 
to further human dignity and the common good, defined entirely in substantive 
rather than procedural-technical terms. ... agents with administrative control 
over default rules may nudge whole populations in desirable directions, in an 
exercise of “soft paternalism” …

Vermeule’s hopes are wistful. In addition to the “soft paternalism” exhibited above by 
EPA, Turkey or Russia, the turn away from checks and balances threatens social welfare, 
illustrated by the time when the U.S. Department of Energy (DOE) operated almost 
unimpeded by public oversight and when DOE alone had the authority implied by 
the “soft paternalism” in its management of military nuclear wastes for the “common 
good” but, instead, DOE produced extraordinary and widespread contamination of 
the environment across the U.S. (Lawless et al. 2014). Further, in the cleanup since, 
motivated by DOE’s guidance to use the cooperation inherent in consensus-seeking 
for decision-making by DOE’s Citizens Advisory Boards (CAB), its CAB at Hanford 
provides a comparison versus the competitiveness inherent in the majority-ruled CAB 
at DOE’s Savannah River Site in SC, one of the sites which rejected consensus-seeking 
to make its decisions. The result: SRS has had a significantly better, faster and safer 
cleanup than the Hanford site, the latter mired in endless debate and legal strife; e.g., even 
though the process for the vitrification of high-level radioactive wastes was innovated 
at Hanford, vitrification began at SRS in 1996 but has not yet begun at Hanford. As 
we had predicted, and as supported by the European Union (WP 2001), consensus-
seeking is how a minority controls a majority by blocking its ability to make a decision:

3  Where is the joint entropy of two sources or two agents and or is the entropy of one agent, giving:
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The requirement for consensus in the European Council often holds policy-
making hostage to national interests in areas which Council could and should 
decide by a qualified majority. (p. 29)

Non-factorability

Applying Von Neumann to a state of interdependence, the joint information is less 
than (as the teamwork increases between agents) or equal (as the teamwork between 
agents ceases, becoming equal to Shannon information) to its contributors:

                         informationjoint ≤ informationagent1 
+ informationagent2                                               (2)

(mathematically, SA, B is the joint entropy of two interdependent sources or agents and 
SA or SB is the entropy of one agent, giving: SA,B ≤ SA + SB). Equation (2) explains non-
factorability. Mindful of Kant, it confirms the biological value of deception, including 
for humans (a con artist; a military feint; a private affair). But, more importantly, 
Equation (2) predicts that when a team is working to perfection, the information it 
generates disappears as the information from its interactions go dark, meaning that the 
effect of counting the contributions from a team’s members by an outside observer is no 
longer trustworthy (viz., by reducing the degrees of freedom in a team as a team begins 
to operate as a “unit”; in Lawless 2017b). This result explains why the performance of 
a perfect team is difficult or impossible to copy, even by the perfect team itself. It also 
explains why a coach or a leader for the best teams is often necessary, inadvertently 
making the “best” coaches wealthy.

Future research

To advance our previous research (Lawless 2017a,b), we have begun to introduce 
the value of intelligence to manage interdependence. The prevalence in the social 
interaction of interdependence forces social navigators to rely on intelligence during a 
competition to craft a social path that achieves a team’s superordinate goal (mission) 
by amplifying its skills with constructive interference, mindfully using destructive 
interference to sharpen its focus, by deploying team boundaries to block outside 
interference, but thereby making its decision process opaque. Intelligence determines 
the members selected for a team (constructive); the shape of a team’s structure that 
produces maximum entropy (MEP; see Wissner-Gross & Freer 2013); and the 
shortest social path with MEP to overcome obstacles to achieve a team’s superordinate 
goal to guide and measure its progress. The quantum-like nature of interdependence 



163

LawLess: Interdependence and superordinate goals: The revenge of the dualists  

causes tension between the intuitions leaders use in tradeoffs under uncertainty that 
shape a team and its structure to achieve MEP (e.g., to maximize performance, leaders 
choose the skills a team needs in its competitions, the configuration of the structure 
that shapes its members, and their internal communications).

Conclusions

In a free society, interdependence automatically reduces redundancy. While the 
meaning of interdependence is meaningless ( Jones’ bewilderment), we conclude that 
interdependence is the primary resource free societies harness to shape their teams 
and structures to improve social welfare. That is the reason authoritarians attempt 
to quash interdependence as their first order of business (by censoring free speech; 
ending the freedom to assemble; preventing the free exercise of religion; etc.).
Interdependence is the science of human and hybrid teams, organizations and 
societies; it lends itself to mathematical models, to trial and error tradeoffs, but not to 
interpretation; it could rehabilitate the social sciences and, with Kant, the philosophy 
of science. It is a social science that offers interdisciplinary teams the opportunity 
to contribute when their skills are demanded to complete a team, but not for the 
specious purpose of satisfying an agency like NSF. It is the science of dualism with 
social people, organisms and future robots. Finally, to end the interminable quantum 
debates, Weinberg (2017a) wants quantum theory to be revised so it does not give a 
status to human observers; good luck with that!
In closing, Wendt (2015, 34) adds that a quantum-like model “offers the potential for 
revealing new social phenomena”, which we have demonstrated by establishing the 
value of team boundaries, the multitasking nature of teams, and the size of teams, 
heretofore an open problem (Cooke & Hilton 2015, 33); e.g., for the latter, to wit, 
the smallest size of a perfect team is one that minimizes its redundancy, maximizes 
its interdependence and yet still manages to complete its mission (Lawless 2017a,b).
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