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Knowledge is distributed over many individuals. Thus, humans are tasked with informing one another
for the betterment of all. But as information can alter people’s action, affect and cognition in both
positive and negative ways, deciding whether to share information can be a particularly difficult
problem. Here, we examine how people integrate potentially conflicting consequences of knowledge,
to decide whether to inform others. We show that participants (Exp1: N = 114, Pre-registered
replication: N = 102) use their own information-seeking preferences to solve complex information-
sharing decisions. In particular, when deciding whether to inform others, participants consider the
usefulness of information in directing action, its valence and the receiver’s uncertainty level, and
integrate these assessments into a calculation of the value of information that explains information
sharing decisions. A cluster analysis revealed that participants were clustered into groups based on
the different weights they assign to these three factors. Within individuals, the relative influence of each
of these factors was stable across information-seeking and information-sharing decisions. These
results suggest that people put themselves in areceiver position to determine whether to inform others

and can help predict when people will share information.

From financial advisors to doctors and parents—humans are endowed with
the task of informing others to aid their decision-making. How do people
decide whether to share relevant information? This is a difficult problem to
solve, because information can serve several, sometimes competing, goals.
Imagine, for example, a teacher who must decide whether to provide a
student with negative feedback. The negative feedback may hurt the stu-
dents’ feelings but may be necessary to improve their skills. Thus, the teacher
will need to arbitrate between the impact on the student’s emotional state
(i.e., potential cost) and future performance (i.e., potential benefit), to select
aplan of action. The teacher’s decision may depend on how much they value
(or believe the student values) these different outcomes. Such decisions may
be even more complex when the informer is not familiar with the receiver
and their preferences and vice versa. This is a common situation in the
modern world, where users of online platforms, services, and discussion
forums, are often anonymized. Here, we investigate how people solve such
complex problems. We hypothesize that people rely on their own
information-seeking preferences to solve information-sharing problems,
integrating their preferences over different outcomes into a calculation that
leads to information-sharing or its avoidance.

We have recently proposed a theory that characterizes three key
motives for information-seeking'. According to this theory, when deciding

whether to seek information, people first estimate what the information will
reveal and then estimate the expected impact of that information on their
effect (i.e., how the information will make them feel), cognition (how the
information will improve their models of the world) and action (how the
information will be useful for obtaining rewards). In particular, all else being
equal, people will be more likely to seek information (i) when they expect
knowledge to make them feel better” ", (i) when uncertainty is high®*'*",
and (iii) when it can aid in selecting action that will help gain rewards and
avoid harm™"*").

Different people assign different weights to each of these factors when
deciding whether to seek information®”. These are integrated into a com-
putation of the value of information which result in individual differences in
information-seeking behavior’”. For example, an individual who prioritizes
the affective impact of information, might decide to avoid a medical
screening because of fear of bad news, while another who prioritizes the
practical use of information in avoiding harm, may attend them religiously.

We hypothesize that people will integrate the three motives above also
when deciding whether to share information. That is, people will share
information more when it is useful for the receiver, when it may elicit positive
emotions in the receiver, and when the receiver is highly uncertain. Different
people may assign different weights to these motives, which will account for
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different patterns of information-sharing. While there are clues in the lit-
erature that when informing other people also prefer to share information
that is positive'”'~* and that can guide action”***, more studies are needed
to computationally disentangle the importance of these (sometimes) com-
peting motives. Rather, motives have either been studied in isolation or in a
situation where they are confounded. Moreover, whether people consider the
receiver’s level of uncertainty in making sharing decisions is unknown. In real
life, conflicting outcomes of knowledge for the receiver are often present.
Thus, characterizing information-sharing in such situations is crucial for
understanding how people decide whether to inform others.

Here, we simultaneously varied the instrumental utility of information
that could be shared, the level of uncertainty of the receiver, and the valence
of information (Expl: N=114; Preregistered Replication: N=102). We
then examine how these considerations are integrated into a sharing deci-
sion and whether sharers weigh these factors as they do when they them-
selves make information-seeking decisions. In contrast to information-
seeking, when people share information, they often know the content of that
information. Thus, if information-seeking resembles information-sharing,
that may indicate that the sharer considers the point of view of the receiver in
respect to the uncertainty they are under (which is different from their own),
as well as considering its potential impact on the receiver’s affect and the
instrumentally for the receiver.

Methods

Participants

Participants were recruited via Prolific Academic (https://www.prolific.co/)
and were paid £7.50 per hour for their participation. The study was
approved by the departmental ethics committee at UCL. Informed consent
was obtained by all participants. Ethnicity data has not been collected. All
demographic information including gender has been self-reported by par-
ticipants. All tasks were created using Gorilla Experiment Builder” (www.
gorilla.sc). The sample size was determined based on our previous study on
information-seeking’.

In Expl, 124 participants performed an information-seeking task of
which one participant was excluded for failing all catch trials (see procedure
for more details) and one because of an error in data storing. The final
sample was composed of 122 participants (55 males, 63 females, and 4
others, mean age = 31.42 years +9.7 (SD), age range: 18-60 years). In total,
128 participants performed an information-sharing task of which two
participants were excluded for failing all catch trials and one for completing
the task twice. The final sample was composed of 125 participants (54 males,
71 females, mean age = 32.28 years +9.09 (SD), age range: 18-60 years). Out
of all participants, 56 participants replied to our invitation to participate in
the study again (to complete either the seeking or the sharing task) and
therefore completed both the seeking and sharing task. One participant
completed the information-sharing task twice so their data was not inclu-
ded, therefore data from 55 participants was analyzed.

To estimate the required sample size for the replication, we conducted a
power analysis on the weakest effect observed (trend found in the Robust
Regression analysis (Huber) testing whether participants who assigned
greater weight to instrumentality when seeking information themselves also
assigned greater weight to it when deciding whether to share information).
The power analysis (power = 0.8, alpha = 0.05) revealed a required sample
of 119 subjects. We collected data from 122 participants to account for drop-
outs (53 males, 67 females, 3 others, mean age = 35.8 years +10.2 (SD), age
range: 18-60 years). They completed both the information-seeking and
sharing tasks. In the seeking task, data from eleven participants was excluded
from the analysis as they failed all catch trials. Data from one participant was
excluded from the analysis as they completed the task twice. In the sharing
task, data from five participants was excluded from the analysis as they failed
all catch trials. Thus, the final sample was composed of 110 participants for
the seeking task and 117 for the sharing task. Of these subjects, 108 com-
pleted both tasks. The replication was preregistered https://osf.io/ecxsr/?
view_only=bd9c51b1d58149ab9901dfd842d33dc8 on September 20th,
2022 on September 20th, 2022.

Procedure

Information-seeking task. Following instructions, participants
answered six comprehension questions before the first block and one
question before the second block. Participants who responded incorrectly
twice on at least one question were not permitted to go on to complete the
task. After reading the instructions, participants completed two example
trials before starting the actual task.

The task is illustrated in Fig. la. Recipients were told they owned
100 stocks in a financial market we created. On each trial recipients were
presented with an algorithm’s prediction of the value of their stocks and the
algorithm’s average prediction accuracy (the algorithms could be different
on each trial). These cues were presented for 5 s. Predictions regarding the
stocks’ value ranged from —400 to —500 and from +400 to +500. A positive
stock value meant recipients were earning money, a negative value meant
they were losing money. We use the word ‘valence’ to indicate both the
direction of the change in stock’s value (positive or negative) and the
magnitude of such change. The algorithm’s prediction accuracy ranged
from 0 to 99%, high numbers suggest the algorithm is often correct and vice
versa. The algorithm’s accuracy represents the probability of the revealed
stocks” value being the real value. When the prediction is incorrect, the
stocks’ value is uniformly distributed over the possible values. Stocks’ value
and uncertainty level were randomly sampled for each trial. Recipients then
indicated whether they wanted to open an envelope containing information
about the true value of their stocks (information-seeking decision). They did
so using a seven-point Likert scale ranging from 0, “Not at all,” to 6, “Very
much”. We adopted a 7-point Likert scale rather than a binary response
scale to increase the sensitivity of our measure. Recipients were told that the
closer their answer was to “Very much,” the more likely we were to open the
envelope and reveal the value of their stocks, and vice versa (similar to other
studies™. If they selected 0, 1, 2, 3, 4, 5, or 6, then the information was
delivered with a probability of 5%, 20%, 35%, 50%, 65%, 80%, and 95%,
respectively. This probabilistic approach, which is adapted from past
studies™ is reflective of real life where actions are often not deterministically
related to outcomes (e.g., one may ask a question but not receive an answer
and may need to ask again if they really want to know). Recipients were not
aware of these exact mathematical conversions as we did not want them to
focus their attention on exact mathematical calculations to avoid distraction.
Next, either the value of their stocks (information) was presented on screen
for 4 s or hidden (XX’ was shown).

The task was composed of two blocks. In the instrumental block,
recipients were informed that on each trial, they would be able to decide
whether to add 10 stocks to their portfolio, give away 10 stocks, or leave the
number of their stocks as is (financial decision). In the non-instrumental
block, recipients were informed that the computer would randomly make
this decision for them. Recipients were informed that they would start the
task with 250 K bonus points which were worth between £1 and £5 total.
This ambiguity was added to reflect real life, where the exact material value
of choices is often uncertain. At the end of the task, the Gorilla program
randomly selected one trial, and the value of their stocks on that trial was
multiplied by the number of stocks they had. The resulting sum was added
to their initial bonus. For example, if, on the selected trial, they had
200 stocks worth —450 points, 90 K (450*200) points would be subtracted
from their initial bonus of 250 K. The order of blocks was counterbalanced
across individuals. Each block was composed of 44 trials plus 4 catch trials.

Catch trials were added to check participants’ engagement and atten-
tion. In those trials, instead of indicating how much they wanted to share/
seek information, participants were instructed to select a specific rating (for
example: Select 1). Participants who failed all catch trials in one of the blocks
were excluded from the analysis.

In addition, to check whether participants were encoding the infor-
mation provided, on four trials (memory check trials) in each block, we
asked participants to recollect whether the algorithm predicted the stocks to
be positive or negative, and/or we asked them what the predicted accuracy of
the algorithm was. Those trials were excluded from the analysis, therefore 40
trials for each block were analyzed. Results indicated good attention and

Communications Psychology | (2024)2:107


http://www.prolific.co/)
http://www.gorilla.sc
http://www.gorilla.sc
https://osf.io/ecxsr/?view_only=bd9c51b1d58149ab9901dfd842d33dc8
https://osf.io/ecxsr/?view_only=bd9c51b1d58149ab9901dfd842d33dc8
www.nature.com/commspsychol

https://doi.org/10.1038/s44271-024-00144-y

Article

INFORMATION-SEEKING TASK:

INFORMATI

CUE INFORMATION-SEEKING DECISION

The value of your
stocks is -497

ON

FINANCIAL DECISION

. | (only on instrumental block)
The Algorithm’s Prediction: Would you I'kle to?open the
envelope?
E RECIPIENT What would you
The value of your stocks is -411 like to do?
The algorithm has 54% accuracy NO INFORMATION / a Nothing  Give away 10 stock
b
® & XXX | "

RECIPIENT RECIPIENT \NWJ

RECIPIENT RECIPIENT
INFORMATION-SHARING TASK:
INFORMATION

CUE

INFORMATION-SHARING DECISION

The value of your FINANCIAL DECISION

This is what the participant will

see tomorrow: Would you like to open the

envelope for the participants?
The REAL value of the
stocks is +450

The Algorithm’s Prediction: 7 3

1 s e
(Notatall) (Very much)

The value of the stocks is -411

stocks is -497

(only on instrumental block)

What would you
“RECIPIENT” like to do?
O INFORMATION Add 10stocks  Nothing  Give away 10 stock

7

The algorithm has 54% accuracy O
| o J\b > “RECIPIENT”
SHARER SHARER SHARER RECIPIENT

Fig. 1 | Task. In the information seeking task recipients were given stocks in a
financial market we created. On each trial they observed an algorithm’s prediction of
the current value of their stocks and the prediction accuracy of the algorithm (cue).
Participants then indicated on a scale from 0 (not at all) to 6 (very much) whether
they wanted to open an envelope to observe the current value of their stocks
(informing self). If they indicated they wanted to open the envelope they were likely
to then observe the current value of their stocks (information). If they indicated they
did not want to open the envelope they were then more likely to observe XX’ (no-
information). In the instrumental block recipients could then decide whether to add
10 stocks, give away 10 stocks or leave the number of stocks as is (financial decision).
On the non-instrumental block, a computer randomly made the decision for them.
In the information sharing task, on each trial sharers first observed an algorithm’s
prediction about the value of stocks of a “recipient” that may be playing a similar task
tomorrow and the prediction accuracy of the algorithm (cue). Then they observed
the actual value of the stocks. Next, they indicated whether they wanted to open the

envelope for tomorrow’s “recipient” so that the “recipient” could observe the value of
their stocks on that trial (informing others). Sharers were told that if they indicated
they wanted to open the envelope for the “recipient”, the “recipient” was then more
likely to observe the value of their stocks (information). If they indicated they did
not want to open the envelope for the “recipient”, the “recipient” was then more
likely to observe XX’ (no-information). On the instrumental block of trials sharers
were told the “recipient” could then decide whether to add or give away stocks
(“recipient’s financial decision). In the non-instrumental block, sharers were told the
“recipient” was not able to make that decision. In reality, there were no participants
playing the next day. Thus, parts of the trial marked as “recipient” in the sharing task
represent only what the participants believed would happen the next day. Post-task
questionnaries suggest participants believed they were interacting with another
participant and were trying to help others (see Supplementary Results). There were 2
blocks, each composed of 40 trials.

memory—on average, 87.5% of participants in Expl and 90.4% of partici-
pants in the replication provided the correct response.

Information-sharing task. The information-sharing task (Fig. 1b) was
nearly identical to the information-seeking task described above. The
difference was that in the sharing task, participants (sharers) did not own
stocks. Rather, they were told “recipients”, who may play the task
tomorrow, will own stocks in the market. On each trial, they were pre-
sented with the algorithm’s predictions regarding the stocks of those
“recipients” and the prediction accuracy of that algorithm (cue). They
were aware the “recipient” tomorrow would also observe these cues. Then
they received an open envelope containing the actual value of the reci-
pients’ stocks. They were then asked to indicate whether they wanted to
share the envelope’s content with tomorrow’s “recipients” so that they
could observe the value of their stocks on that trial (information-sharing
decision) on a 7-point Likert scale ranging from 0 “Not at all” to 6 “Very
much”. In the instrumental block sharers were informed that tomorrow’s
“recipients” would be able to use the information provided to decide
whether to add or give away stocks (other’s financial decision). Sharers
were told that the closer their answer was to “Very much”, the greater the
probability that we will open the envelope and reveal the value of the
stocks, and vice versa (similar to the seeking task). In the non-
instrumental block sharers were informed tomorrow’s “recipients” could
not use the information shared with them. In this task, there was no
monetary incentive to share information with the other players. Analysis
of the debriefing questionnaire revealed many participants shared
information because they were trying to help others (see Supplementary

results). The order of blocks was counterbalanced across subjects. Results
indicated good attention and memory—on average, 89.1% of participants
in Expl and 88.03% in the replication provided the correct response to
the memory questions. Analysis of the debriefing questionnaire revealed
participants believed they were interacting with another participant (see
Supplementary results).

Additional Information. Out of the final sample, 55 participants in Exp1l
and all 108 participants in the replication study performed both the
information-seeking and sharing tasks. The order of the tasks was
counterbalanced. For these 55 participants, we also included a set of
personality questionnaires (The Apathy Evaluation Scale (AES), The
State-Trait Anxiety Inventory (STAI), the Revised Life Orientation Test
(LOT-R), Zung Self-Rating Depression Scale (SDS)). These served as a
pilot for potential future studies. There was no statistically significant
evidence that these scores were associated with weights assigned to dif-
ferent factors when sharing or seeking information after correcting for
multiple comparisons, though we note sample size is too small to detect
such associations.

Post-task survey
Sixty-seven participants who completed the sharing task in Exp1 at the end
of the study were asked (“How did you decide whether to open the envelope
for the other participants?”). Two naive observers independently rate all
responses to indicate whether the responder:
1. believed they were interacting with another participant. (Options: (a)
the responder believes they are interacting with another participant; (b)
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the responder does not believe they are interacting with another par-
ticipant; (b) no indication either way).

2. is trying to help the other participant. (Options: (a) the responder is
trying to help the other participant;

(b) the responder is not trying to help the other participant; (c) no
indication either way).

The observers’ answers were entered into an Inter Correlation Coef-
ficient analysis to assess the agreement between them.

Statistical analysis
Model estimation. For each participant, two linear Regressions models
were run to predict information sharing and information seeking on each
trial, from the level of uncertainty (calculated by subtracting the algo-
rithm’s accuracy percentage from 100), valence of information (valence
was defined according to the signed algorithm’ prediction value in the
information-seeking task, and as the actual signed value of the stocks in
the information-sharing task) and instrumentality (whether the infor-
mation could be used to make decisions to alter the portfolio or not). All
variables were z-scored to obtain standardized betas. Betas across parti-
cipants were compared to zero using a one-sample t-test (all tests are
always two-sided). There was no statistically significant evidence that
valence, instrumentality and uncertainty were correlated with each other
(see Supplementary Table S4). Correlation coefficients were compared
against zero with One-Sample t-tests. The model coefficients could not be
estimated for subjects with insufficient variability in their sharing or
seeking decisions (that is, all decisions were identical). These participants
were, therefore, excluded from the analyses. As a consequence, the model
was estimated for 109 (Expl) and 100 (Replication) subjects in the
seeking task and for 114 (Expl) and 102 (Replication) subjects in the
sharing task.

Normality assumption was made for all ¢-tests and regression analyses
based on the central limit theorem, given the large number of participants
(Expl N=114, Rep N = 102) in the data.

Cluster analysis. From the previous analysis, we obtained three beta
coefficients (instrumentality, valence, and uncertainty) for each partici-
pant. These beta values were then used in k-means cluster analyses”,
which reveals groups of participants who show similar patterns of motive
prioritization. To determine the optimal number of clusters in the
information sharing and seeking conditions in Expl and in the
replication experiment, we varied K between 2 to 7 and evaluated the
quality of clustering for each K, using the Calinski-Harabasz index™.
Across datasets and measures, K=3 consistently yielded the optimal
clustering.

We characterized each cluster by averaging the beta coefficients
(instrumentality, valence, and uncertainty) across its participants. Using
one-sample t-tests, we then compared each cluster’s betas to zero. Next, we
examined whether people who belong to one cluster when seeking infor-
mation tended to belong to the same cluster when sharing it. A binomial test
was used to test whether this consistency was significantly greater than
chance (33.3%).

Finally, we examined the correlations between the beta coefficients of
uncertainty, valence, and instrumentality across the information-sharing
and seeking tasks for participants who completed both tasks using Robust
Regression analysis (Huber).

Results

In this study, we examine how instrumental utility, level of uncertainty, and
the valence of information are integrated into information sharing and
seeking decisions and whether people weigh these factors while sharing
information as they do when they seek information. To assess whether
individual differences are stable across informing self and informing others’
decisions, we tested whether weights assigned to each factor when seeking
information are correlated to its weight when sharing.

To that end, we conducted two experiments. In Expl, participants
(N=114) performed an information-sharing task (‘sharers’, Fig. 1), an
information-seeking task (N'=109), or both (N =55 out of the numbers
above). In both tasks, we manipulated (i) the valence of information for the
recipient, (i) the level of uncertainty of the recipient, and (iii) the instru-
mental utility of information for the recipient, as described in detail below.
We then pre-registered a replication study (https://ost.io/ecxsr/?view_only=
bd9c51b1d58149ab9901dfd842d33dc8) where participants (N =108)
completed both tasks (N=11 did only one task due to failing attention
checks). As indicated below, all findings replicate across the two studies.

Participants consider the impact of information on affect, action,
and uncertainty when deciding whether to inform others

We tested whether participants considered the valence of information, the
receiver’s uncertainty, and the instrumentality of information when making
information-sharing and seeking decisions. A linear regression was run for
each individual to predict separately (a) information-sharing and (b)
information-seeking, on each trial from three factors: (i) level of uncertainty
(equal to 100 minus the algorithms’ accuracy), (i) instrumentality (coded as
1 if the information could be used to alter the portfolio and 0 otherwise) and
(iii) valence of information (the stocks’ value ranged from —400 to —500
and from +400 to +500. As a reminder—valence, uncertainty, and
instrumentality are not correlated, see Supplementary Table S4). In the
information-seeking task, the stock’s value was based on the algorithm’s
prediction, while in the information-sharing task, it was based on the actual
stock value. The obtained betas are then compared to zero using a t-test
(Table 1). the model was estimated for 109 (Expl) and 100 (Replication)
subjects in the seeking task and for 114 (Exp1) and 102 (Replication) sub-
jects in the sharing task (see “Statistical analysis”).

Information decision = B0 + 1 s Uncertainty + B2 * Instrumentality 4 3 * Valence

As observed in Table 1 below, participants were more likely to share
and seek information when (i) the receiver’s uncertainty was high, (ii) when
information was instrumental to the receiver, and (iii) when the information
would likely convey good news—that is when the expected/true value of the
stocks was high. The median R scores across individuals were as follows for
information-seeking: Exp1: median = 0.51, SE: 0.03, Rep: median = 0.46, SE:
0.03, and for sharing: Expl: median = 0.37, SE: 0.02, Rep: median = 0.40,
SE: 0.03.

We then investigated the difference between the weights assigned to
each beta in the sharing and seeking tasks. To do so we run independent
samples f-tests between weight assigned to each beta in the sharing and
seeking tasks (considering both Expl and Rep together). Results showed
that the instrumental value of information was higher when seeking
(M=041) than when sharing information (M =0.28; #132)=23.36,
p=0.001), indicating that participants weighted the instrumental value of
information more when seeking information than sharing it.

The results remain exactly the same when adding the trial number as a
covariate to the linear regressions to control for fatigue. The results also
remain the same when controlling for the two-way and three-way inter-
actions between the motives. We performed an exploratory analysis of these
interactions, and the results are reported in the Supplementary Results
section (Table S3). In addition, the same pattern of results was obtained by
running two separate linear mixed-effects models to predict information-
sharing and information-seeking on each trial from uncertainty, instru-
mentality, and (iii) valence (see details in Supplementary Results—
Table S1 S2 and Fig. S1).

Figure 2 presents the raw data of information seeking and sharing
across all participants and trials in both Experiment 1 and the replication as
a function of instrumentality, uncertainty, and valence. The figure illustrates
positive relationships between information seeking/sharing and these three
factors in both experiments.
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Table 1 | Average Beta coefficient for predicting information seeking and sharing

Exp1 Motives M 95% CI t df p
Information-sharing Uncertainty 0.09 [0.01,0.16] 2.36 113 0.02
Information-sharing Instrumentality 0.21 [0.14,0.28] 6 113 <0.001
Information-sharing Valence 0.10 [0.05,0.15] 4.64 113 <0.001
Information-seeking Uncertainty 0.14 [0.07, 0.20] 4.28 108 <0.001
Information-seeking Instrumentality 0.39 [0.31, 0.46] 10.14 108 <0.001
Information-seeking Valence 0.11 [0.06, 0.15] 4.96 108 <0.001
Replication Motives M 95% Cl t df p
Information-sharing Uncertainty 0.18 [0.11, 0.26] 4.79 101 <0.001
Information-sharing Instrumentality 0.26 [0.18, 0.33] 6.76 101 <0.001
Information-sharing Valence 0.06 [0.03, 0.09] 3.71 101 <0.001
Information-seeking Uncertainty 0.19 [0.10, 0.27] 4.47 99 <0.001
Information-seeking Instrumentality 0.33 [0.25, 0.41] 8.41 99 <0.001
Information-seeking Valence 0.06 [0.02, 0.09] 3.15 99 0.002

Participants prefer to share and seek information when (j) the receiver’s uncertainty is high, (ii) the information is instrumental to the receiver, and (jii) the information would likely convey good news —that is
when the expected/true value of the stocks was high. The table shows the average Beta coefficient from linear regression across individuals that predict separately (a) information-sharing and (b)
information-seeking on each trial from three factors: (i) level of uncertainty, (ii) instrumentality-, and (jii) valence of information. p and t are from a t-test against zero.

Fig. 2 | Raw data of information seeking

(Nsceking = 114) and sharing (Ngparing = 109)
across participants and trials in Exp. 1 (top two
rows) and Replication (bottom two rows;
Nseeking = 102 and Nigparing = 100). The figure
shows mean information-seeking/sharing decisions
(y-axis) as a function of uncertainty (left column,
binned in groups of 10), instrumentality (middle
column), and valence (right column, binned as
negative/positive). Black lines represent mean
decisions across participants. Gray dots represent
individual data points for each participant and trial.
Higher values indicate a greater willingness to seek/
share information.
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Individual differences in sharing decisions

The results thus far suggest that when deciding whether to inform others,
people consider the receiver’s uncertainty, the instrumental utility of
information, and its valence. However, it is likely that different people put
different weights on these factors. Indeed, it has been shown individuals
often weigh one of these factors over and above the others’. As a result,
information-seeking decisions are vastly different across individuals. Here,
we tested whether similar individual differences are observed when sharing
information. To that end, we entered participants’ individual beta coeffi-
cients from the linear regressions detailed above into a K-means cluster
analysis separately for information-seeking decisions and information-
sharing decisions. To determine the optimal number of clusters, we calcu-
lated the Calinski-Harabasz index™ (see details in the “Methods” section,
Table 2). Across datasets and measures, K=3 consistently yielded the
optimal clustering solution. For each cluster, betas have been tested against
zero using a one-sample t-test.

Table 2 | The Calinski-Harabasz index for each experiment
(Exp. 1—Info Seeking, Exp. 1— Info Sharing, and Replication -
Info Seeking and Sharing) as a function of K

Calinski-Harabasz index

K 2 3 4 5 6 7

Exp1—Seeking 7236 93.17 87.88 81.74 8132 78.15
Exp1—Sharing 61.14 7290 69.80 7148 7029 68.77
Replication—Seeking 56.83 98.01 88.78 84.13 83.97 80.36
Replication—Sharing 59.73 86.56 77.45 68.37 6591 63.28

Across datasets and measures, K = 3 yielded the optimal clustering solution.

Exp1
Information-Sharing

£y
o

0,9
0,9

Information-Seeking

Cluster analysis of information-seeking decisions revealed the fol-
lowing three distinct groups of participants across experiments and con-
ditions (Table 3, Fig. 3b, d, f, h). The first cluster, labeled “Uncertainty-
Dominant Group”, included 22% of participants in Expl and 34% in the
Replication study who assigned a large positive weight to uncertainty, a
moderate positive weight to instrumentality and no significant weight to
valence when seeking information.

The second cluster, labeled “Instrumentality-Dominant Group”,
included 39.44% of participants in Expl and 35% of participants in the
Replication study who assigned a large positive weight to instrumentality
when seeking information, with weights on valence and uncertainty being
moderate positive or not significant.

The third cluster, labeled “Valence-Dominant Group” (Expl)
“Valence-Certainty Dominant Group” (Replication), included 38.53% of
participants in Exp1 and 31% in the Replication study who assigned a large
positive weight to valence when seeking information, with weight on
instrumentality being moderate positive or non-significant and either non-
significant or negative on uncertainty (thus positive on certainty).

The analysis on sharing decisions revealed a similar pattern by which
participants clustered into the following three groups (Table 4, Fig. 3 a, ¢, e,
g). The first cluster (“Uncertainty-Dominant Group”), included 37.71% of
participants in Expl and 48.03% of participants in the Replication study
who assigned a large positive weight to uncertainty when sharing infor-
mation, with no significant weight on valence.

The second cluster, which we will call the “Instrumentality-Dominant
Group”, included 28.07% of participants in Expl and 32.35% of participants
in the Replication study who assigned a large positive weight to instrumen-
tality when sharing information, and a moderate weight on and uncertainty.

The third cluster, which we will call the “Valence- Certainty-Dominant
Group”, included 34.21% of participants in Exp1 and 19.60% of participants
in the Replication study who assigned a large positive weight to valence and a
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Fig. 3 | Participants cluster into three groups, characterized by the weight they
assign to the valence of information, its instrumentality, and the receiver’s
uncertainty when deciding to inform the self and others. We calculated the
weights each participant assigned to each of the three factors (instrumentality,
valence, and uncertainty) when seeking and sharing information (Exp. I1:

Nieeking = 114 and Ngharing = 1095 Replication: Ngeeking = 102 and Neharing = 100).
The obtained betas were submitted into a cluster analysis to identify groups of
participants that have similar combinations of weights when seeking or sharing
information. a—d Plotted are the average beta coefficients assigned to each factor,
averaged across participants in each cluster. As can be seen, the Instrumentality-
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Group
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Dominant group put the most weight on the instrumental value of information, the
valence-dominant group put the most weight on valence, the Uncertainty-
Dominant group put the most weight on uncertainty, and the
Valence-Certainty-Dominant group put the most weight on valence and negative
weight on uncertainty (which can be framed as positive weights on certainty).
e-h The weights of individual participants assigned to each of the three motives are
plotted with participants colored according to their assigned cluster. Ellipsoid
highlights 50% of the data. * p < 0.05, ** p < 0.01, *** p <0.001; Error bars repre-
sents SEM.
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Table 3 | Cluster analysis on information-seeking

Exp1

Replication

Uncertainty-Dominant Group

Uncertainty-Dominant Group

Motives Mean g 95% CI t df p Motives Mean g 95% CI t df P
Uncertainty 0.658 [0.58, 0.72] 19.15 23 <0.001 Uncertainty 0.648 [0.58, 0.71] 20.48 33 <0.001
Valence 0.018 [-0.03, 0.07] 0.66 23 0.51 Valence —-0.013 [-0.5, 0.02] —0.65 33 0.51
Instrumentality 0.163 [0.05, 0.27] 3.16 23 0.004 Instrumentality 0.158 [0.08, 0.23] 4.20 33 <0.001
Instrumentality-Dominant Group Instrumentality-Dominant Group

Motives Mean 8 95% C t df P Motives Mean g 95% ClI t df P
Uncertainty 0.040 [-0.01, 0.09] 1.42 42 0.16 Uncertainty 0.081 [0.02, 0.14] 2.88 34 0.006
Valence 0.028 [0.001, 0.05] 2.16 42 0.036 Valence 0.026 [-0.02, 0.08] 0.96 34 0.34
Instrumentality 0.817 [0.76, 0.86] 33.73 42 <0.001 Instrumentality 0.775 [0.70, 0.84] 23.31 34 <0.001
Valence-Dominant Group Valence-Certainty-Dominant Group

Motives Mean g 95% CI t df p Motives Mean g 95% ClI t df P
Uncertainty —0.053 [-0.12, 0.01] —1.55 M 0.128 Uncertainty —0.201 [-0.31, —0.09] -3.73 30 <0.001
Valence 0.234 [0.14, 0.32] 5.22 4 <0.001 Valence 0.170 [0.09, 0.24] 4.50 30 <0.001
Instrumentality 0.084 [0.01,0.15] 2.51 41 0.016 Instrumentality 0.018 [-0.06, 0.09] 0.46 30 0.64

Decisions revealed that participants were clustered into the following three groups: (i) “Uncertainty-Dominant Group*®, “Instrumentality-Dominant Group” and “Valence-Dominant Group”(Exp1)/“Valence-
Certainty-Dominant Group”(Replication)/. For each cluster a one-sample t-test was performed for each Beta.

Table 4 | Cluster analysis on information-sharing

Exp1

Replication

Uncertainty-Dominant Group

Uncertainty-Dominant Group

Motives Mean g 95% ClI t df P Motives Mean g 95% CI t df P
Uncertainty 0.457 [0.39, 0.52] 13.94 42 <0.001 Uncertainty 0.466 [0.41, 0.52] 16.75 48 <0.001
Valence 0.049 [-0.003, 0.10] 1.89 42 0.06 Valence 0.050 [0.006, 0.09] 2.28 48 0.026
Instrumentality 0.11 [0.05, 0.16] 3.83 42 <0.001 Instrumentality 0.049 [-0.01, 0.11] 1.45 48 0.15
Instrumentality-Dominant Group Instrumentality-Dominant Group

Motives Mean 95% CI t df P Motives Mean g 95% ClI t df P
Uncertainty 0.073 [0.005, 0.14] 2.19 31 0.03 Uncertainty 0.100 [0.03, 0.17] 3.01 32 0.004
Valence 0.096 [0.02, 0.17] 2.59 31 0.01 Valence 0.050 [0.007, 0.09] 2.38 32 0.02
Instrumentality 0.685 [0.61, 0.75] 19.39 31 <0.001 Instrumentality 0.714 [0.64, 0.78] 20.64 32 <0.001
Valence-Dominant Group Valence-Certainty-Dominant Group

Motives Mean g 95% CI t df P Motives Mean g 95% CI t df p
Uncertainty —0.303 [-0.40, -0.20] —-6.21 38 <0.001 Uncertainty —-0.380 [-0.31, —0.09] —6.46 19 <0.001
Valence 0.171 [0.07, 0.27] 3.47 38 0.001 Valence 0.104 [0.09, 0.24] 1.92 19 0.06
Instrumentality -0.074 [-0.001, —0.14] -2.07 38 0.044 Instrumentality 0.015 [-0.06, 0.09] 0.34 19 0.73

Decisions revealed that participants were clustered into the following three groups “Uncertainty-Dominant Group”, “Instrumentality-Dominant Group” and “Valence-Certainty-Dominant Group”. For each

cluster a one-sample t-test was performed for each beta.

negative weight on uncertainty when sharing information. In other words,
these participants preferred to share information when the receiver was
more certain that the stocks’ value was positive.

Note, that the cluster analysis groups together participants who share
similar beta patterns. While the analysis yielded three distinct clusters, these
do not correspond directly to the three motives (uncertainty, instrumen-
tality, and valence), but rather reflect more complex natural patterns in
the data.

Individual differences are stable across information-seeking and
information-sharing decisions

We next examined whether, within each individual, the weight participants
assign to the different outcomes of information when deciding whether to
inform others is correlated with the weight they assign to these factors when
deciding whether to inform the self (i.e., information-sharing). 55 and 108

participants, respectively, in Exp1 and in the replication, completed both the
information-seeking and information-sharing tasks in random order. Of
these participants, the model coefficient could be estimated (sufficient
variability in the sharing and seeking decisions) for 43 participants for Exp1l
and 90 for the Replication. Robust Regression analysis (Huber) revealed that
participants who assigned greater weight to a particular factor when seeking
information themselves also assigned greater weight to that factor when
deciding whether to share information (Exp. 1: Uncertainty: b= 0.66,
r=075, #(41)="7.38, p<0.001, 95% CI [0.47, 0.84], Fig. 4a; Valence:
b=0.19, r=047, 1(41)=2.72, p=0.009, 95% CI [0.05, 0.33], Fig. 4b;
Instrumentality: b=0.15, r=0.18, #(41) =1.13, p=0.26, 95% CI [—0.12,
0.42], Fig. 4c; Replication: Uncertainty b=0.83, r=0.75, #(88)=10.52,
p<0.001, 95% CI [0.68, 0.99], Fig. 4d; Valence: b=041, r=041,
1(88) = 4.21, p < 0.001, 95% CI [0.21, 0.60], Fig. 4e; Instrumentality: b = 0.47,
r=0.43, t(88) =4.47, p < 0.001, 95% CI [0.26, 0.68], Fig. 4f).
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Fig. 4 | Preferences are stable across information-seeking and information-
sharing. The robust correlations between the beta coefficient obtained when pre-
dicting information-seeking (x-axis) and information-sharing (y-axis) from

a, d uncertainty, b, e valence, and ¢, f instrumentality in Exp. 1 (N = 43, top row) and
the Replication (N = 90, bottom row). a, d Participants who preferred to seek
information under high uncertainty also preferred to share information when the
receiver was under high uncertainty. b, e Participants who preferred to seek positive

Beta Coefficient for Valence

Beta Coefficient for Instrumentality

Informing Others Informing Others

information also preferred to share positive information. ¢, f Participants who
preferred to seek useful information also preferred to share useful information (note,
the effect is only statistically significant in the replication, where the N is larger).
Lines represent robust regression lines. Smooth areas represent the confidence
interval. ¥* = p < 0.01, *** = p <0.001.

We then checked whether people who belong to one cluster when
seeking information were more likely to belong to the analogs cluster when
sharing it. Results showed that more than 62.8% (in Exp1) and 61.1% (in the
replication study) of participants who were classified in one cluster when
seeking information were classified in the analogous cluster when sharing it.
A Binomial test revealed that this is significantly greater (Expl: p <0.001,
Rep: p <0.001) than chance (chance is 33%).

Discussion

Our results suggest that people use their own information preferences to
solve complex information-sharing decisions. In particular, when deciding
whether to inform others, participants assigned similar relative weights to
the usefulness of information, its valence, and the level of uncertainty as they
do when deciding whether to seek information for themselves. These results
suggest that people likely put themselves in the receiver’s position to
determine whether to inform others. Specifically, we found that participants
shared information more when (i) the recipient could use it to gain rewards
and avoid losses (i.e., when it had instrumental utility), (ii) when it was good
news for the recipient rather than bad news and (iii) when the recipient was
under high uncertainty. Sharers used the same rules to decide when to share
information as they did to decide when to seek information. Importantly,
the results suggest that they implement those rules from the point of view of
the recipient, not their own. They seemed to consider the recipients’ level of
uncertainty, whether the recipient can use the information and how the
information would make the recipient feel. They clearly did not consider
their own point of view when sharing, as they were always completely
certain of the content of the information and could not use information in
any way to better their material outcome. In fact, that is a fundamental

distinction between seeking and sharing information - the former involves
uncertainty about the information’s content, while the latter assumes full
knowledge. Importantly, despite this difference, information sharers can still
adopt the recipient’s perspective and potentially anticipate their curiosity
when deciding what to share.

One may wonder what motivated participants to share information, as
there was no monetary incentive in the information-sharing task. Analysis
of participants’ explicit written responses when asked, “How did you decide
whether to open the envelope for the other participants?” suggests that
participants were motivated by the other participant’s welfare. Many
explicitly referenced the other participant (using words such as ‘they’,
‘them’, ‘others’, and ‘the participant’) and considered the material and
emotional impact of the shared information on the other person (using
words like ‘disappointment’ or ‘good news’) and expressed a desire to help
(“to help others out without making them feel bad”). This is consistent with
many studies showing that people will help others, including strangers, even
when there is no clear and immediate benefit to the self”.

Previous studies on information-seeking indicate large individual dif-
ferences in what people want to know””*’. We have previously shown that
these differences can be accounted for by the different weights people assign
to different motives for seeking information™. People tend to overweight one
motive over the rest. Here, we replicated this result for information-seeking
and, more importantly, showed similar individual differences in sharing
preferences. In particular, a cluster analysis revealed that participants could be
classified into three groups—one group cared mostly about instrumentality
when deciding whether to share information, another mostly about the
receiver’s uncertainty, and a third preferred to share information that was
positive for which the receiver was relatively certain about. The different
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weights people assign to these factors may help explain why different people
will make vastly different decisions on whether to inform others.

We find that such individual differences are consistent across
information-sharing and information-seeking decisions. In particular, the
weight assigned to each factor when seeking information was correlated to
that assigned to each factor when sharing information. That is, the more
people care about valence, instrumental value, and uncertainty when
seeking information, the more they care about these factors when informing
others. We replicate all our findings in a pre-registered study using an
independent sample. These results suggest that information-seeking and
sharing may rely on similar cognitive and neural mechanisms.

Limitations

While the three-factor theory of information seeking' has already been
demonstrated across different tasks and domains™*"** (including financial,
social, and health decisions), this study aims to test the three-factor theory
for information-sharing. If indeed seeking and sharing decisions are closely
related, we would expect our results to generalize to other domains and to
naturalistic tasks. These predictions will need to be tested in future studies.
For example, it would be interesting to examine information-sharing
in situations where subjects are familiar with the recipients and/or on social
media platforms. Further, it is interesting to consider if the three-factor
theory could explain the finding that moral outrage leads to more infor-
mation sharing on Twitter™’. It is possible that users share content that elicits
moral outrage because they believe that content is useful in guiding people’s
actions (e.g., has high instrumental utility, for instance by encouraging
voting) even if it elicits negative emotions. Alternatively, users may believe
the receiver will assess this type of information positively. For example, a
statement like “Trump is a liar’ may well elicit a positive response from
receivers who are not Trump supporters. That is to say, content that is
categorized as eliciting ‘moral outrage’ may nonetheless be viewed as ‘good
news’. These different predictions can be tested by probing user’s beliefs.

Conclusions

Thanks to advances in technology, massive amounts of information are now
easily accessible. This includes personalized information that can provide
clues about a person’s future health and finances. It is important to
understand how people decide when to share such information, especially
when they are not intimately familiar with the recipients or their preferences
(a common scenario online). Here, we show that people consider the valence
of information, its instrumental utility, and the receiver’s uncertainty.
People combine these estimates into a calculation of the value of informa-
tion that can guide information-sharing choices. Our findings can help
predict which information will be shared and help in framing critical
information (such as health and safety) to increase the likelihood that it will
be shared by others.
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