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back. Armed with such an estimate, dyads might
conceivably be able to match the performance of
those that did communicate, and so match the
performance of the WCS model. On theoretical
grounds, we did not expect this; instead, we ex-
pected performance without communication to
match the BF model. We hypothesized that trial-
by-trial communication was necessary and that
feedback alone would not be sufficient for achiev-
ing collective benefit.

Experiment 3 tested this prediction using the
same paradigm as experiment |, modified so that
participants were now not allowed to communi-

cate anything but their choice. Whenever the par-
ticipants disagreed in their decision, one of the two
(chosen randomly by the computer) made a de-
cision individually by arbitrating between their
own choice and that of the other participant.
Feedback about the correct choice was then given
to both participants (9). The results were un-
equivocal. [n contrast to experiment 1, dyad sen-
sitivity did not exceed that of the more sensitive
observer [Fig. 4A, red bar; €13)=0.18, p= 0.85,
paired ¢ test], as predicted by the BF model. More
important, dyad sensitivity was significantly lower
than the upper bound predicted by the WCS model

A Comparison of dyad to B Comparison of dyad C Comparison of dyad
the better participant to WCS model to DSS model
15 1.5 18
pu00d
peo00?
[ U %) ns 0007 ns
§ 1 ot e} 1
- & q e
o = «w |
~ b ~. i i
i
Sos e S osf fIll
= = S ||
9? i) ;:a kit fl
ift
(LI i

None

Equal Unequal

Equal
noise condition

Fig. 3. Results of experiment D

2. (A) Ratio of the dyad slope 16
to the maximum individual

slope for the three noise con- 1.4
ditions (equal, unequal, and E1q2
none; see main text). The line **

Unequal
noise condition

None Equal Unequal None

noise condition

WCE  wo—

i
DES .

no noise o
unequal noise O
equal noise A
Regression fit -

at Sgyad/smax = 1 comresponds =, 1

to the case in which the dyad '3-08

is performing exactly as well 3

as the more sensitive member, 06

Values above and below the

line correspond to benefit and 0.4, 0.2

loss due to communication, re-
spectively. ns, not significant.
(B) Ratio of the dyad slope to

0.4 06 0.8 1
R

min max

the slope predicted by the WCS model, the latter denoted sycs. This ratio was not significantly different from
zero for any of the noise conditions. (C) Ratio of the dyad slope to the slope of the DSS model. For the
unequal noise condition, this ratio was significantly smaller than 1 (p < 10~*). (D) Distribution of data points
and model predictions (the latter taken from Fig. 1C). Collective benefit (s4y.4/5max) is plotted against relative
sensitivity (5in/Smax)- Each dyad contributed four sets of data points (one triangle for equal, one square for
none, and two circles for unequal conditions). The solid black line indicates the boundary of collective benefit
(see Fig. 1C). In (A) to (Q), error bars denote SEM (N = 11 data points for equal and none conditions; N = 22
for unequal condition).
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[Fig. 4B, red bar; #(13) =591, p < 107*, paired
t test], demonstrating that knowledge of current
choice and previous outcomes was not adequate
for the dyads to reach the level of performance
observed in experiment 1, expected from the WCS
model.

Experiment 3 showed that communication
was necessary and that feedback alone was not
sufficient for dyads to achieve a collaboration
benefit. However, the results do not address the
question of whether communication alone, with-
out feedback, is sufficient for achieving collabo-
ration benefit. Could dyads achieve any group
benefit at all without ever receiving any objective
feedback about the accuracy of their decisions?
This is an important question, because feedback
is not formally incorporated in the confidence-
sharing model (9). Taking this model seriously
at face value, one may make the extremely counter-
intuitive assumption that, as long as accurate com-
munication of confidence is ensured, dyad benefit
can still be achieved without any feedback (that
is, without any definitive knowledge of decision
outcomes).

In experiment 4, we removed the feedback
stage of the task to test this prediction (9): After
the joint decision was made (either automatically
in the agreement trials or after interaction in the
disagreement trials), the participants were not
told the correct answer. All other aspects of the
experiment were identical to experiment 1. Con-
sistent with our prediction, even without feed-
back, the dyads nevertheless achieved a significant
collaboration benefit [Fig. 4A, blue bar; /(10) =
2.68, p = 0.022, paired ¢ test], and dyad sen-
sitivity was statistically indistinguishable from
the prediction of the confidence sharing model
[Fig. 4B, blue bar; #(10) = 1.16, p = 0.27, paired
¢ test]. These findings indicate that objective
feedback was not necessary, and communica-
tion alone was sufficient for achieving collective
benefit.

Our results show that interactive decision-
making between two individuals can significant-
ly improve perceptual sensitivity, but, importantly,
only for similarly sensitive observers, Moreover,
such joint behavior is Bayes optimal under the
assumption that participants accurately communi-
cate their intemal estimate that they are correct.
Our findings show that human-to-human inter-
personal communication is adequately rich to
permit sharing of subjective estimates of confi-
dence, and humans are adequately perceptive to
make optimal use of this information. Moreover,
communication of trial-by-trial confidence is nec-
essary for collective benefit, but, somewhat sur-
prisingly, feedback about decision outcomes is not.

Quantitatively, we tested four models, and
only one—the WCS model, in which participants
communicated only an internal estimate of their
reliability on each trial—was consistent with the
data, Of the three models that were not consistent
with the data, one, the DSS model, posited that
participants communicated both the perceived
contrast and their estimate of its reliability on
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each trial. That model was rejected because it out-
performed the dyads in experiment 2. This leaves
open the possibility that the participants did com-
municate contrast and reliability, but used that
information suboptimally, which seems unlikely,
as we never observed any dyads explicitly com-
municating contrast and reliability separately.
However, our data cannot definitively rule out
this idea, and further research is needed to dis-
tinguish between optimal use of WCS versus
suboptimal DSS.

The general consensus from extensive earlier
work on collective decision-making is that groups
rarely outperform their best members (//, 15).
Even in one of the rare cases in which consistent
collaborative benefit was established, group per-
formance failed to reach the bound predicted by
the proposed ideal combination of individual
decisions (/4). That study employed the DSS
model (see Eq. 4) to estimate the ideal, expected
group sensitivity. As shown in experiments 1 and
2, however, the predictions of that model deviate
significantly from empirical data if individuals’
sensitivities differ markedly. In particular, exper-
iment 2 demonstrated the detrimental side effect
of collective decision-making based on Bayesian
combination of confidence: Individuals with very
different sensitivities are best advised to avoid
collaboration and instead should rely entirely on
the more sensitive individual. In fact, the WCS
model and the results of experiment 2 (Fig. 3D)
set a quantitative limit on the usefulness of coop-
eration that, to our knowledge, is not predicted by
current economic and social theories of collective

decision-making (/5). An important next step for
future research is to test the generality of this limit
in other types of dyadic interactions.

Our findings have direct bearing on studies in
social psychology that have discovered numer-
ous situations in which groups fail to do better
than their individuals. Many explanations for
such “process loss” have been proposed, such as
reduced effort in the presence of others [e.g.,
“social loafing” (/6)], interpersonal competition
(11), and groupthink (/7). Our results raise the
rather different possibility that, when the com-
municated evidence (perceived contrast) cannot
be separated from its reliability (slope), such fail-
ures of collective decision-making may be the
natural consequence of a perfectly reasonable
strategy (for instance, WCS). Indeed, we know
all too well about the catastrophic consequences
of consulting “evidence” of unknown reliability
on problems as diverse as the existence of weapons
of mass destruction and the possibility of risk-
free investments.
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Phosphatidic Acid Is a pH Biosensor
That Links Membrane Biogenesis

to Metabolism

Barry P. Young,™ John J. H. Shin,** Rick Orij,? Jesse T. Chao,* Shu Chen Li,* Xue Li Guan,**
Anthony Khong,® Eric Jan,® Markus R. Wenk,**7 William A. Prinz,® Gertien }. Smits,?

Christopher J. R. Loewen™’t

Recognition of lipids by proteins is important for their targeting and activation in many signaling pathways,
but the mechanisms that regulate such interactions are largely unknown. Here, we found that binding of
proteins to the ubiquitous signaling lipid phosphatidic acid (PA) depended on intracellular pH and the
protonation state of its phosphate headgroup. In yeast, a rapid decrease in intracellular pH in response
to glucose starvation regulated binding of PA to a transcription factor, Opil, that coordinately repressed
phospholipid metabolic genes. This enabled coupling of membrane biogenesis to nutrient availability.

sensed by hydrophobic protein domains

that are often membrane inserted. Soluble
protein domains recognize lipids by interacting
predominately with their hydrophilic headgroups.
Recruitment of proteins to membranes is depen-
dent on the concentration of their target lipid in
the bilayer. Membrane-associated transcription
factors sense changes in the levels of key signal-

Thc hydrophobic portions of lipids can be

www.sciencemag.org SCIENCE VOL 329 27 AUGUST 2010

ing lipids, enabling direct feedback regulation of
lipid metabolism (/-3). In yeast, phospholipid
metabolism is regulated by the transcriptional re-
pressor Opil, part of a lipid-sensor complex in the
endoplasmic reticulum (ER) (fig. S1) (3). Opil is
sequestered on the ER by binding both PA and
the tail-anchored ER protein Scs2. Addition of
inositol results in the rapid depletion of PA, re-
lease of Opil from the ER, and translocation of

Opil to the nucleus (3). Nuclear Opil represses
the Ino2/4 wranscriptional activator complex, which
binds a cis regulatory element, UASyy, found in
many phospholipid metabolic genes (4).

Of the genes regulated by inositol and Opil,

INO! is the most highly regulated (4). INO!
encodes the rate-limiting enzyme in inositol bio-
synthesis; thus, inositol auxotrophy is a sensitive
measure of expression of the INO/ gene and the
status of the ER lipid sensor. We screened the
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