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ABSTRACT

Over the last 20 years scientists from many disciplines have proposed mechanisms that allow
decision-makers to negotiate directly on common outcomes. The Internet-enabled versions of these
mechanisms can allow citizens to practice direct democracy and thus increase participation in governance.
This study investigates the information requirements of one of these mechanisms — the Online
Compensation Election. More specifically the study tests if the level of detail of the information available
to a voter about the preference intensities of other voters affects voting behavior. We find that a decrease
in the granularity of the real preference intensity information about others does not affect voting behavior
and the referendum’s compensation outcomes We discuss the implications of these results and possible
future directions for research.
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1. INTRODUCTION

The Internet and computer networks are disintermediation mechanisms (Gellman, 1996).
Disintermediation has affected traditional supply chains in many industries (Hoover
& Lawrence, 2015). Manufacturers can now directly interact with and sell to their customers
(Tay & Chelliah, 2011), travelers can make reservations directly with the airlines (Berghel,
2000), and individuals can do monetary transfers without bank involvement (Al-Amri et al.,
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2019). Disintermediation is also starting to affect representative democracies around the world
by making citizen participation in governance more direct (Ure, 2019, Baxi, 2019).

Over the last 20 years progress has also been made in proposing, defining, and investigating
various group decision-making mechanisms that can facilitate direct voting and negotiations on
policies that affect every group member. The most notable of these are pivotal voting (Attieh
et al., 2000), storable voting (Cassella et al., 2005), the compensation election (Oprea et al.,
2007), fractional (weighted) voting (Freixas & Zwicker, 2009), and quadratic voting (Posner
& Weyl, 2017). The Internet-enabled versions of these mechanisms can allow citizens to
practice direct democracy and thus increase participation in governance. Even though all of
these mechanisms have been explored theoretically, experimentally or through simulations, only
one of them, quadratic voting, has been applied in practice in several small cases. One of the
reasons for this limited application is that these mechanisms are relatively new and not familiar
to an average citizen. Another reason is that still many questions remain about exactly how these
mechanisms function under different environmental conditions. The purpose of this study is to
address some of these unanswered questions by investigating the information requirements of
one of the above-mentioned mechanisms — the compensation election.

The Compensation election is a referendum-like new electronic voting mechanism that
allows participants to express the intensity of their preferences and also to get compensated in
case the alternative they vote for is not chosen. The intuition behind this mechanism has been
expressed as early as the beginning of the 19" century by Wicksell (1896/1967) who observes
that there might be a way to improve the results of referenda for every referendum participant
if the voting mechanism allows some way in which the winners in the referendum can
compensate the losers. Jumping to modern times, Smith (2004) provides a detailed description
of procedure that can support such a referendum in practice. Here is an example of how the
procedure works. Suppose that citizens A, B, and C are considering building a public stadium
in their small community and they all start with the same initial endowment of 103. The
endowment can represent income, property and anything else of value that the individual
possesses. Suppose further that the net financial effect of building the stadium to A is 2, to B is
2 and to C is -10. If the citizens vote to build a stadium using majority voting, A & B will both
vote “Yes” because they gain from the proposal and C will vote “No” because s/he looses. The
stadium will be built and that would result in A gaining 2 for a total final endowment of 12;
B gaining 2 for a total final endowment of 12, and C loosing 10 for a total final endowment of
0. The net social gain: 2+2-10=-6 is negative and so the outcome does not increase or at least
keep the social value unchanged. It could be argued also that the outcome is unjust since the
citizens started on an equal financial footing but ended up with a skewed income distribution.
Under the procedure proposed by Smith it is possible that A votes 1, B votes 1, and C votes -6.
Since the sum of votes is negative, the stadium will not be built but C has to pay 1 to A and 1 to
B because the alternative they voted for is not chosen. In this case A gains 1, B gains 1, and
C gains 4. The net social gain is 6, and the final income distribution will be less skewed than
under majority voting.

A laboratory test of an electronic implementation of the above procedure is presented in
Oprea et. al. (2007) and an experimental test of an online version of the mechanism is presented
in Vragov & Kumar (2019). The laboratory test of the mechanism in small groups of participants
with synchronous voting has shown that mechanism participants tend to reveal a fraction of their
preference intensity in voting. This, combined with the compensation procedure, has resulted in

3 A specific currency is not selected on purpose to keep the example more general.
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improved social value and in more equitable voting outcomes among subjects in the laboratory
(Oprea et. al, 2007). Vragov & Kumar (2019) find that the online version of the mechanism
needs adjustment of some of the design parameters in order for the mechanism to perform
satisfactorily. In this study we decide to explore one of the factors that affects the performance
of any group decision-making mechanism: the amount of information that individual
participants have about their decision-making environment (Blackwell, 1951, Ballou et. al.,
2010, Chengalur-Smith et. al., 1999). We specifically focus on information granularity and see
how changes in the level of detail of the information provided to participants in the referendum
mechanism about the preference intensity of others affect individual voting behavior. We are
choosing to study this issue because we think that under naturally occurring circumstances
citizens will most likely have less granular information about other individuals’ real preference
intensities than that provided to the subjects in Oprea et. al.’s laboratory experiment and Vragov
& Kumar’s semi-field experiment. Thus we test the performance of a mechanism that is a little
more realistic in terms of implementation than the ones tested in the two studies mentioned
above. We consider this to be an important policy and design question since a long stream of
previous literature on data-driven information dashboards has shown that the amount of
information citizens receive has an impact on their actions (Matheus et. al, 2018, Abelson et.
al., 2004, Bertot et. al., 2010). Thus our main research question is: “How would a decrease in
the granularity of preference intensity information about other participants affect individual
voting behavior and each individual’s gains from participating in the referendum?”

To answer this question we design a semi-field experiment. Vragov & Kumar’s 2019 study
acts as our baseline and our semi-field experiment represents a new treatment in which the
granularity of the information each individual receives about the real preference intensities of
other referendum participants is lower. We find that a decrease in the information granularity of
the preference intensity information that subjects have at the beginning of the referendum does
not have a significant impact on individual voting behavior. This is good news in terms of
practical implications since it shows that even if participants do not possess as detailed
information about the preference intensities of others as in the laboratory study, their behavior
and earnings remain relatively unaffected.

2. LITERATURE REVIEW

Information granularity is one of the important dimensions of information. The term first
originated in the data-mining literature to describe the level of detail contained in a database or
a data warehouse. With the help of a database tool managers can drill down the data starting
from the very general level (for example annual sales in a country) to a very detailed level
(monthly sales in a specific region of this country) or vice versa (Baltzan, 2017). In general the
ability to see information at various levels of granularity is expected to improve data analysis
and the ability of a manager to make better business decisions (Peng et. al, 2007,
Chengalur-Smith et. al., 1999) and also improve board oversight (Ballou, et. al., 2010).

More detailed studies on the effect of granularity on decision-making are lacking. For any
decision-making task the background information provided has to be at the appropriate level of
detail but it is not clear how to determine which level of detail is the most appropriate. For
example Peng et, al. (2007) discuss situations when, because of search costs, decision-makers
are not always able to reach the appropriate level of detail with drill down which might result
in suboptimal choices.
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Information granularity and information transparency have also been discussed in the
electronic government literature as they relate to the implementation and usage of information
dashboards for smart cities (Matheus et. al., 2018). The general consensus is that an increase in
information transparency and granularity can improve citizen engagement (Abelson et. al.,
2004), can help fight government corruption (Bertot et. al., 2010), and can improve government
decision-making (Dawes & Helbig, 2010).

3. EXPERIMENTAL DESIGN METHODOLOGY AND THE
MAIN HYPOTHESES

There is currently no widely acceptable theoretical model that can predict the effect of change
in information granularity on individual voting behavior under a referendum mechanism that
involves the options of expressing preference intensities and compensation. Fortunately we have
an experimental baseline provided by Vragov & Kumar (2019) so we can adopt the exploratory
design science approach to investigate changes in human behavior by changing only one
parameter in their design and analyzing the results. The design science theoretical approach has
been discussed widely in the literature (see March & Smith, 1995; Hevner et. al., 2004; Gregor,
2006; Peffers et. al., 2007; Goes, 2013, Lang et. al, 2016). Under this approach theoretical
concepts and findings from the literature are used to guide the discussion of theoretical
relationships among variables of interest that structure our voting mechanism design. The
discussion is used to present plausible working hypotheses, which are more akin to open
research questions than theoretical predictions, to indicate that the outcome is exploratory and
could very well go either way. The real utility of this approach is in the practical implications
of its findings since they increase our knowledge about a mechanisms that could readily be
applied in practice to solve real problems (e.g. designing a new airplane is so complex that the
effect of every feature cannot be predicted theoretically, however a new model airplane can be
built and tested in a wind tunnel before it is used in practice on a daily basis).

Our experimental approach is also common for market design research studies in which the
performance of complex market mechanisms needs to be compared for policy purposes in the
absence of widely accepted theories of how these mechanisms work (Goeree et al., 2007, Smith,
2003, Cox et. al., 2002). In many of these studies experimenters change one feature of a market
institution and explore the effect of that change on individual and market outcomes.

Normally one would expect that in order to formulate an optimal participation strategy the
individual voter would need as much information as possible about the real preference
intensities of other individuals. Having less information would probably result in an individual
having a harder time finding the optimal strategy. Therefore our working hypothesis is that we
expect a decrease in granularity of the information available to an individual about the
distribution of real preference intensities of other individuals to have a negative effect on
individual earnings.
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4. EXPERIMENTAL DESIGN

In our experimental design we follow exactly the procedures described in Vragov & Kumar
(2019). Subjects can log in to the voting system online from any Internet-enabled computer,
read the instructions, and participate in the voting process from anywhere and anytime during
the day. There are four referenda per day, and the experiment lasts 5 consecutive days. After the
experiment is over subjects come to our office to collect their experimental earnings. During the
time of the experiment subjects are not aware of who and how many the remaining participants
in the referendum are and when they make their decisions. Subjects see the results of the voting
in each referendum from the first day on the second day and so on.

We also copy the experimental environment from Vragov & Kumar (2019) as much as
possible. Subjects make voting decisions, which eventually determine which alternative from
two possible alternatives will be chosen. Every subject i is assigned a preference intensity for
each of the two alternatives in these four different referenda A, B, C, D that does not change
from day to day. For simplicity, subject preference intensities are normalized so that if subject
i prefers alternative 1 in referendum R{A, B, C, D}, then i’s preference intensity for alternative
1 is positive and i’s preference intensity for alternative 2 is 0. Thus a subject always has a
preference intensity of O for one alternative and a positive preference intensity for the other
alternative. The positive preference intensities for all subjects are distributed according to a
normal distribution. We use the exact same draws as in Vragov & Kumar (2019)

Every subject i has an assigned preference intensity of vi and submits a vote of b for
alternative Ke{Al, A2, B1, B2, C1, C2, D1, D2}. Subjects are allowed to vote only on one of
the two alternatives in each referendum. Let’s use -K to represent the alternative complementary
to alternative K. The winning alternative is determined by the sum of the votes for the two
alternatives in each referendum. The alternative which has a larger sum of votes is the winning
alternative. In the special case of a tie, the winning alternative is chosen at random with a flip
of a coin. If individual i votes for alternative K and W is the winning alternative, then the
earnings to subject i in a referendum are

v K+ bf if W =notK
Subjects’ earnings are summed over all referenda (four per day) and all five days of the
experiment and then subjects are paid their total earnings. If a subject’s total is negative, then
the subject receives only the experiment participation fee of $5.00.

From equation (1) it is clear that an individual’s earnings are always positive as long as the
individual votes for his/her preferred alternative and his/her vote is lower than his/her preference
intensity (or value). The individual risks bankruptcy if s/he decides to bid above value or bid for
the 0 alternative. The bid limit is equal to $9, which is the highest possible value among the
value draws. Thus if a subject is consistently voting for the alternative which s/he does not
prefer, the subject could still go bankrupt but is allowed to stay in the experiment until the
experiment is over. All of the described features of the voting mechanism are borrowed from
Vragov & Kumar (2019)

We investigate two possible levels of granularity related to the information that the
mechanism participants receive about the preferences of others.

Level 1: Describing the distribution of the sum of preference intensities for both alternatives

Level 2: Describing the distribution of the preference intensities within the population.
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Oprea et. al (2007) and Vragov & Kumar (2019) use Level 2 granularity. We implement
Level 1 granularity and we test for treatment effects.

The referendum participants’ preference intensities are drawn from a normal distribution
with different means for each referendum type. There are multiple ways in which this preference
intensity information can be relayed to the referendum participants. The lowest possible level
of granularity is to provide information to the referendum participants only about the expected
sum of all participants’ preference intensities. Next follows an example of how we specify this
in the instructions:

Level 1:

“The sum of all values for alternative Al is randomly chosen between X and Y* and the sum
of all values for alternative A2 is randomly chosen between P and Q.”
The way that information is provided in the baseline study by Vragov & Kumar (2019) has a
higher level of granularity. Next follows an example of how they specify this in their
instructions:
Level 2:
“On average A% of the participants prefer alternative Al and B% of the participants prefer
alternative A2.
Among those who prefer Al values are distributed as following:

e C% are between D and E

o  F% are between G and H

o 1% are between Jand K
Among those who prefer alternative A2 values are distributed as following:

e L% are between M and N

o (0% are between P and Q

o R% are between S and T”

As you can see the information provided in Vragov & Kumar (2019) contains much more
detail. The word value is used instead of preference intensity in order to make the instruction
clearer to the subjects. Also notice that neither of the instructions mentions the actual
distribution from which the preference intensity is drawn again with the intention to not confuse
the subjects.

We plan to record the vote of each experiment participant. Using the data we are then able
to calculate the earnings for each individual. To express our working hypotheses more formally
we expect:

WH1: ﬁ.Baseline > T—[Our Treatment

where 7 is the average of the total earnings of each individual in the respective treatment. We
are also planning on counting the number of counterbids and overbids, and the proportion of
real preference intensity that is revealed in each participant’s bid.

We recruit subjects from the undergraduate population at a large urban university. When
they log in during the first day of the experiment, they have to read the experiment instructions
and take a quiz based on the instructions to make sure that they understand them (We borrow
the instructions and the quiz from Vragov & Kumar, 2019) Then, they can proceed to vote in
the four referenda. If subjects miss to vote during an experimental day, they cannot go back and
vote for that day during any of the following days. At the end of each day subjects can see their

4 Preference intensities are drawn from a Normal distribution before the experiment starts. For simplicity in the
instructions we try to provide better information about the actual draws themselves rather than the distribution from
which they are drawn.
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results from previous days. After the end of the experiment, subjects can come during our office
hours and collect their earnings. There are 80 subjects in the Vragov & Kumar’s study and 23

subjects in our study.

5. MAIN EXPERIMENTAL RESULTS

Our main result is that there is no statistically significant difference in individual earnings
between Vragov & Kumar’s baseline study and our study. This means that there is not enough
evidence in support of our working hypothesis that earnings in the baseline are higher than
earnings in a treatment with lower granularity of information about other people’s preferences.

The result can be ascertained by comparing the data from the baseline treatment and our
treatment.. Vragov & Kumar (2019) report 80 independent observations and we have 23
independent observations. The sample mean in the baseline is 17.18 and the sample standard
deviation is 25.83. The corresponding statistics in our study are 22.53 (the sample mean) and
20.69 (the sample standard deviation). Our initial intention has been to use one-way ANOVA
but our data fails the Shapiro-Wilk test for normality, so we use the Kruskal-Wallis test for
difference in medians since the two samples have similarly-shaped distributions as shown in
Figure 1. The p-value under the hypothesis of no difference in medians is 0.5264. We analyze
the data further at the level of individual strategies. According to Oprea et. al. (2007) strategies
that individuals use to game the system (i.e. counterbidding and overbidding) are not profitable
in the long run, which means that they cannot be optimal strategies. Thus, we expect that a
decrease in granularity of information about the real preference intensities of other individuals
is likely to cause more suboptimal votes — or more overbidding and/or counterbidding. We test
for differences in each individual’s proportion of counterbids, overbids, revealed preference
intensity and revealed false preference intensities. The results are shown in Table 1 and the data
are plotted in Figures 2,3,4 and 5. We consistently use the Kruskal-Wallis test because all data
failed Shapiro-Wilk’s normality test but the distribution being compared had roughly the same
shape. We found no significant differences in individual behavior based on these observed
variables.

We find the results related to the first hypothesis surprising. Normally one would expect that
providing more preference information to individuals will help individuals make better
decisions which will lead to better earnings. This is not happening in the field experiment. One
explanation for this result is that both levels of granularity: the one in the baseline treatment and
the one in our treatment are not at the appropriate level to make a real difference in behavior
and earnings, which suggest that further experimental work will be needed to find the level of
detail at which significant differences in behavior and earnings emerge. From a purely practical
viewpoint, however, the results are somewhat encouraging because they indicate that individual
participants might not need a lot of information in order to participate effectively in this new
referendum mechanism. Gathering information about other individuals’ real preference
intensities is costly and so the fact that having more information has no effect on results makes
participation more equitable and fair since not every individual might be able to afford getting
additional information.
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6. ADDITIONAL EXPERIMENTAL FINDINGS

Distributions of Individual Profits
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Figure 1

Table 1. Comparison of behavioral variables in the Baseline treatment with Treatment 1

Vragov & Kumar, 2019 Current study
Variable Sample  Sample Standard ~ Sample Mean Sample Standard p-value
Mean deviation Deviation
Proportion of 33.64% 24.53% 33.33% 31.12% 0.7149
Counterbids
Proportion of 45.60% 30.96% 45.62% 33.73% 0.9526
Overbids
Revealed Preference 10.7 38.08 5.34 14.29 0.2517
Intensity
Revealed False 8.45 23.16 6.32 18.91 0.3527

Preference Intensity
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There are a few other aspects of the two experimental treatments that show no obvious treatment
effect. We do not have enough data to make a valid statistical test nevertheless we choose to
report these results here so that future studies can use them as reference. Table 2 shows a
participation rate comparison of the two treatments. It turns out that for both treatments if a
subject participated in the first referendum of the day, then he or she participated in the following
three referenda for that day. During the course of the experiment however, some subjects
decided not to participate in any of the referenda on a certain day. The participation rate reported
in Table 2 is calculated by dividing the number of subjects that participated in voting each day
by the maximum number of subjects that participated in voting on any day.

Table 2. Comparison of the participation rate in the Baseline Treatment with Treatment 1

Experimental Day Vragov & Kumar, 2019 Current study
1 100% 78.3%
2 78.8% 91.3%
3 76.2% 73.9%
4 85% 82.6%
5 76.3% 73.9%

Another variable of interest will be the fraction of surplus retained by the government. It is
usually the case that the difference between the sum of bids for the two alternatives is greater
than 0. That is why once all citizens are appropriately compensated based on the rules of the
mechanism a certain amount for surplus remains for the government. Table 3 below reports the
comparison of the ratio of government surplus over total surplus for the two treatments by day
and referendum. The mean ratios are 35.96% and 39.22% and again there is no obvious
difference between the two treatments.

Table 3. Comparison of the government to total surplus ratio in the Baseline Treatment with Treatment 1

Experimental Day  Referendum Vragov & Kumar, 2019 Current study
1 A 62.5% 45.3%
1 B 32.6% 64.9%
1 C 22.5% 76.7%
1 D 7.6% 45.4%
2 A 56.1% 60.4%
2 B 7.0% 17.0%
2 C 63.9% 19.4%
2 D 51.2% 12.4%
3 A 34.9% 84.3%
3 B 17.8% 10.3%
3 C 12.8% 41.1%
3 D 64.8% 10.0%
4 A 34.4% 49.2%
4 B 23.9% 47.2%
4 C 14.9% 17.0%
4 D 95.0% 100%
5 A 48.1% 12.0%
5 B 43.3% 7.7%
5 C 2.4% 33.9%
5 D 23.4% 30.1%
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7. CONCLUSIONS, LIMITATIONS, AND FUTURE RESEARCH

Internet-enabled voting and negotiation tools can support direct democracy and encourage
participation in policy decision-making. Experimental versions of these tools are available,
however, many of their properties are still unknown and there are also no widely acceptable
behavioral theories that can predict the effect of various environmental variables on voting
behavior and voting outcomes. The properties of these new electronic voting mechanisms need
to be explored thoroughly before such mechanism can be used in practice. Our experiment
explores how a change in one feature of the mechanism, i.e. the granularity of the information
individuals receive about the preference intensities of others, impacts the outcome of the
mechanism. We find no significant effect on voting behavior and referendum outcomes. This
arguably makes the referendum mechanism more practical since the referendum works just as
well when voters have less information about the preferences of others which is a more common
occurrence.
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Distributions of Revealed False Preference Intensity
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In terms of theory this study has identified some important issues that need to be explored
further. For example there currently is no theory available on what the best way is to display
information about a probability distribution to the average individual. There is also no widely
accepted theories on how decision-makers discover the shape of an unknown distribution
through trial and error. Both of these issues are directly related to the functioning of this and
also some of the other newly proposed voting mechanisms.

Our study has many limitations. Every time when one runs an experiment one has to make
many operational decisions about exactly how the experiment will be conducted. In that sense
it would be good to conduct experiments varying the way the information is displayed on the
screen, varying the way instructions are provided to individuals, and think of ways to explore
how every individual is absorbing and using the information shown on the screen. In a field
experiment there are also many external variables that are not under the control of the
experimenter. So even when we try our best to select similar subjects in similar environment
and at a similar time. there is always a chance that an unobserved external variable has an
influence over the outcome.

The most urgent follow up to this study is to decrease the granularity of the information
about the preferences of others even further. It is common knowledge that most currently
available polls ask either yes-no or multiple choice questions. A pre-voting opinion poll about
a referendum will usually only tell citizens the percentage of people that support and oppose the
referendum proposition, the margin of error and the number of people polled. This is even less
information than provided in the lower granularity treatment in this study.

Another follow-up question to answer is if inequality of available preference intensity
information about others can impact participants’ earnings. In our study we decreased the
granularity of that information uniformly among all subjects, but in reality different participants
might have unequal access to information. Thus some participants might have more granular
information than others and this might provide them with an information advantage. There are
other features of the mechanism that need to be explored further. For example, some description
of preference intensities might be easier to understand by voters than others. For some people
Level 2 granularity might be just easier to grasp than Level 1 granularity. | deally one could test
if the level of understanding of the information presented might have an impact on voting
outcomes. One might also wonder whether some voters might feel excluded due to the
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complexity of the mechanism (compared to a traditional referendum). This not only violates
their democratic rights but puts the legitimacy of the referendum under question. In addition,
this study explores only one of the possible online referendum mechanisms, there are at least
three or four more mechanisms to consider and to test in conjunction so that we could reliably
compare their outcomes.
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