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Abstract: In his book, “The Wisdom of Crowds”, James Surowiecki argues that a
group becomes “smart” and makes better decision than an individual if the group
satisfies the four conditions-diversity of opinion, independence, decentralization
and aggregation. This paper intends to investigate whether groups that have higher
diversity of opinion, independence, decentralization and aggregation perform better
than the groups that don'’t. Ideally, the groups should perform better when they
satisfy the four conditions better. One set of groups followed The Wisdom of
Crowds hypothesis while another set of groups, working on a different task, did not.
Both sets of groupshowever performed better when they had higher diversity of
opinion.

Keywords: wisdom of crowds, knowledge management, diversity of opinion,
independence, decentralization, aggregation.

1 Introduction

While visiting a country fair in Plymouth, England, a scientist named Francis Galton came
across a weight judging competition where participants were asked to guess the weight of an
ox. All the guesses were then combined to calculate the average guess of the participating
crowd. He discovered that the crowd’s guess (1197 Ibs) was surprisingly close to the actual
weight (1198 Ibs). This estimate of the crowd was closer to the actual weight than any individual
guesses [1]. In his book, The Wisdom of Crowds, James Surowiecki examines this behaviour
of groups. He studies the collective wisdom of crowds and the conditions necessary to utilize
this collective wisdom. Surowiecki argues that under the right circumstances, groups are
remarkably intelligent and often smarter than the smartest people in them. According to him,
there are four conditions that characterise the wise crowd: diversity of opinion, independence,
decentralization and aggregation [1]. This study intended to test whether a group fulfilling these
conditions would actually perform better than a group that does not.

This study was conducted during the “Innoweek” event at the School of Business and
Information Technology at the Oulu University of Applied Sciences. For this annual event,
students are divided into groups and these groups are challenged to come up with a solution to
a real-life problem provided by external commissioners. The questionnaire was distributed on
the last day of this week-long event and asked them whether their group fulfilled the four
conditions as stated by Surowiecki.
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The research was used to rank the groups basdt@xtent to which each group satisfied
the four conditions of Wisdom of Crowds. In otherds, the research ranked the teams based
on their smartness. This ranking was compared thighfinal results of Innoweek to check
whether the smartest groups actually performecbattinnoweek.

2 Wisdom of Crowds

Aristotle, a 4' century BC Greek philosopher, is known as the fiexrson to discuss
collective wisdom in his book Politics.

For the many, of whom each individual is but an ordinary person, when they meet
together may very likely be better than the few good, if regarded not individually but
collectively, just as a feast to which many contribute is better than a dinner provided

out of a single purse. [2]

Apart from the Francis Galton experiment, Surowiedes another example of the Google
PageRank algorithm to further explain how Googlesu$he concept of collective wisdom to
return the best search result at lightning speéd. dlgorithm largely depends on aggregating
the links to one website from another, where eadhi$ considered as a vote. Using these and
more case examples, Surowiecki argues that a gneapmes “smart” and makes a better
decision than an individual, provided that the greatisfies the four conditions - diversity of
opinion, independence, decentralization and ag¢jeeyk.]. He uses the example of prediction
markets to exhibit the application of Wisdom of ®@ds. In the prediction markets designed by
the lowa Electronic Markets (IEM), to predict thHeation results, people could trade futures
contracts based on how they think a candidatepsitiorm in an election. The IEM predictions
were found to be accurate three-fourths of the f{ibhe

A group will not perform any different than an iadiual if group members have similar
opinions. Surowiecki argues that each person shioaveg some “private” information that is
unique. Diversity of Opinion can be maintained Bgembling a diverse group of people who
possess varying degrees of knowledge and insidjet gfoup should contain experts as well as
people without knowledge in the field [1]. In largeoups, diversity is obvious, but in smaller
groups, it should be encouraged to avoid infludageDiversity here should be understood as
cognitive diversity, where people have various degrof knowledge and insight [1].

Cohesion in homogeneous groups is more than irnrgivgroups. The group members’
dependence on the group increases as they becoreecat®esive. This consequently insulates
them from external influence and convinces them i@ group’s judgment must be right [1].
Diversity not only adds different perspectivestie group but also facilitates people to speak
their minds [1]. Surowiecki gives an example of hibv Kennedy administration failed during
the Bay of Pigs Invasion due to a lack of opposipgions as it was carried out under the
guidance of the administration’s few like-mindeaple [1].

Independence among group members is another camddr the group to be smart. The
smartest groups consist of people with diverse iopsmwho are not influenced by others.
Necessary measures should be taken to avoid giakptBroupthink occurs when a group
makes faulty decisions because group pressurestdeddterioration of “mental efficiency,
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reality testing, and moral judgment” [3]. The peopi the group should be able to make their
own minds and answer the questions independendlyiamfluenced by groupthink.

According to Surowiecki, independence is importhrg to two reasons. First, it ensures that
the human mistakes don’t correlate. Second, ind#gr@nndividuals bring new data rather than
the familiar old information [1].

Decentralization is the third condition for a graipbe smart. Decentralization means that
the group members belong to different backgroumdisaaie thus specialized in different areas
and can draw on their local knowledge when makiegsions. This contributes to diversity
and independence [4]. According to Surowiecki, augrcan become smarter by including
people with local and specific knowledge. The cleanof having a good solution increases
when a person is closer to the context. Decenattétiz facilitates specialization, which in turn
feeds decentralization. Specialization increasesptoductivity and efficiency along with
widening the scope and fostering diversity of ommiand information gathering.
Decentralization is of paramount importance tottiaoowledge. Tacit knowledge is knowledge
that can’t be easily summarized or conveyed torsthecause it is specific to a particular place
or job or experience, but it is nonetheless treroasly valuable [5]. This definition sheds light
on the assumption that the closer a person igptolz@em, the more likely he or she is to have
a good solution to it [1].

Aggregation is the method of converting variousgite judgements of individuals in a group
into a collective output [1]. It explores whethexgple are making individual decisions or a
collective one. Surowiecki identifies aggregatisritee fourth condition for a group to be smart.
He gives the example of the Linux Operating Systehere a large number of coders working
individually in a decentralized fashion contribui® improvement of the system. These
contributions are then scrutinised by a small groficoders including the creator Linus
Torvalds before being implemented, thus aggregahagvork done by numerous autonomous
individuals [1].

According to Lyon & Pacuit, mathematical aggregatmwethods like mean, median, mode,
etc. can be used to aggregate the crowd’s conibuBroup deliberation is another method of
aggregation, which entails the crowd meeting tauls the problem at hand before arriving at
a collective judgement [6]. Prediction marketsnsther commonly used aggregation method
to aggregate opinions, and it has been more polaiédy [1]. Wikipedia articles and Facebook
homepage can be viewed as examples of aggregaiidracebook’s algorithm gathers updates
from the user’s friends, aggregates them and drdws updates it deems important to the user.

3 Case Innoweek

Innoweek is an annual event organized by the SclodboBusiness and Information
Technology at Oulu University of Applied Sciencesf¢rred from now on as OUAS). Students
from all the degree programs of the school paritapn the event. They are awarded three
credits for this project work course. The supengsieachers divide the students into groups.
The teachers give special attention to maintairtiveg diversity by ensuring students from
various degree programs and of various nationaldi® chosen while forming groups. This
idea of group work and dynamics of diversity in tireup provide an opportune premise to
investigate the proposition of the wisdom of crowd.
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3.1 Innoweek

The objective of Innoweek as stated in the OUASiculum “enables the students to act in
the innovation process to develop activities ofamigations or to identify new business
opportunities. The goal is to develop innovatiom a@am working skills.'[8]. The students
work in groups to tackle real life business prolderit the end of the week-long event, the
groups present their ideas in front of a compampyesentatives. In this year’s event, two
organizations (commissioners) challenged the stsdevith their problems. The first
commissioner was PrintoCent — a company that @eat@vative products and business
solutions based on printed electronics. They chg#d the students to come up with proposals
and marketing plans for their various products. dtier commissioner, Student Union of Oulu
University of Applied Sciences (referred from nossr @QSAKO), challenged the students to
propose a plan to increase the voter turnout irstident union elections. The students had one
week to work in their group to prepare a preseotiatinat would be presented on the final day
of the event.

Before the week of the event, interested studemislled in the course. Students from all
the degree programs at OUAS were eligible anda tdt61 students enrolled in the course.
The supervising teachers for the course then asditire students to two groups - PrintoCent
(Group A/Task 1) and OSAKO (Group B/Task 2). Thedshts from each task were then
divided into smaller groups of four to five studeniEight groups participated in the first task
while the second task had six. To maintain divenstiile forming groups, the teachers chose
students from different degree programs and incualeleast one foreign student in every
group. On the first day of the event, the commissie presented the challenge to their
corresponding student groups. The students wonketeir groups each day of the week to
come up with the best solution. On the final dayhef week, the groups presented their ideas
to the commissioners.

3.2 Research Methodology

The objective of this research was to find out& groups participating in Innoweek adhered
to the theory of the wisdom of crowds as defined&ynes Surowiecki. The research intended
to answer the following research questions:

1. Do the groups follow the wisdom of crowds?

2. What is the correlation between the four conditiodizersity of opinion, independence,
decentralization and aggregation - and their paréorce? Do the groups that satisfy
these four conditions better actually perform batighe tasks?

3. Is any of the four conditions more important thiaa others?

To answer these questions, a questionnaire wasn@eand distributed to the students on
the final day of Innoweek. The questionnaire wagded into four sections based on the four
conditions of wisdom of crowds and each sectiortaiord three statements. The participants
were asked to rate their opinions about the statesnesing a five-level Likert scale. Each level
carried a score from 1 to 5. Every participant’'erage score for each of the four conditions
was calculated. Each group’s average score wasdhlenlated by aggregating the average
scores of the participants to derive the group®rage scores for Diversity of Opinion,
Independence, Decentralization and Aggregation.gfbeps’ average score for each condition
was again aggregated to arrive at the final Wisdb@rowds (WoC) score.
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4 Results

This section analyses the outcome of the researcomparing each condition of Wisdom
of Crowds with the actual performance of the grodje correlations between each conditio
and the actual performance of groups in both taskscompared. Out of 61 students who
enrolled in Innoweek, 46 participated in the survEeyen though the course was open for
students from all the degree programs, the busistesients outnumbered the others with 20
from the Degree Program in International Businessd al7 from Liiketalouden
ammattikorkeakoulututkinte the Bachelor of Business Administration prograamght in
Finnish.

4.1 Definitions

During the research, various terminology was createexplain the calculations. These
terms and their mathematical meanings are explamgds section.

Actual Rank: The actual rank was derived from #sults of Innoweek. The participating
groups were ranked from first to last based orstiuges they received from the judges.

Diversity of Opinion Rank: Ranking of the grouperfr first to last based on the Diversity
of Opinion score.

Independence Rank: Ranking of the groups from foskast based on the Diversity of
Opinion score.

Decentralization Rank: Ranking of the groups franst to last based on the Decentralization
score.

Aggregation Rank: Ranking of the groups from ficstast based on the Aggregation score.

Wisdom of Crowds (WoC) Rank: Ranking of the grodmsn first to last based on the
overall WoC score. WoC score was calculated byaareg the scores of the four conditions.

Task 1: The task commissioned by Commissioner 1
Task 2: The task commissioned by Commissioner 2

4.2 Correlations

In order to establish the relation, if any, betwéss four conditions of wisdom of crowds
and the actual performance of the groups, Speasiarik Correlation was used. Spearman’s
Correlation is used to measure the degree of atival between two sets of observations or
between paired values when the relative order ajnibade is given for each series [9]. The
scores for each of the four conditions were rankenh first to last and compared with the
actual rank using the Spearman’s Rank Correlatioefiicient formula.

_ ., 6rd )
p= nn? —1) (1)
where, n = number of items being ranked, d = thenemcal difference between
corresponding pair of ranks, (Xi - Yi) [10].

The value for Spearman’s Coefficient (also knowrSpearman’s rho and denoted b)
ranges between -1 to +1. Whens >0, it indicates the positive correlation; whers <0, it
indicates the negative correlation in the orderaoking or selection or judging. The strength
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of the Spearman’s Correlation Coefficient can berpreted as follows using the absolute value
of p:
4.2.1 Diversity of Opinion versus Actual Rank

TASK 1 - Diversity of Opinion Rank v Actual Rank
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Fig. 1 Diversity of Opinion versus Actual Rank for Task 1

TASK 2 - Diversity of Opinion Rank v Actual Rank
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Fig. 2 Diversity of Opinion versus Actual Rank for Task 2

These graphs exhibit the correlation between tlveSity of Opinion and the Actual Rank
in the two tasks. The positive valuepohdicates the positive correlation between theebsity
of Opinion and the actual performance of the grodpgee groups in both tasks exhibited
increase in the actual performance when there m@sase in the diversity of opinion. Task 1
with thep value of 0,4761905 (see Fig 1) indicates a modgrasitive correlation while Task
2 displays a very strong positive correlation witivalue of 0,8285714 (see Figure 2). This
suggests that the groups with higher diversity mhion performed better in their task. The
teachers supervising the students during Innoweed their best to make sure the students
came from different degree programs and natioealitivhile forming groups. This
heterogeneity of backgrounds ensured the divessipinion in groups. Thus, the more diverse
groups evidently performed well in their task.
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4.2.2 Independence versus Actual Rank

TASK 1 - Independence Rank v Actual Rank
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Fig. 3Independence versus Actual Rank for Task 1

TASK 2 - Independence Rank v Actual Rank
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Fig. 4Independence versus Actual Rank for Task 2

These graphs demonstrate the correlation betwakspamdence and performance of the
task. The Spearman’s Correlation Coefficient fatdpendence Rank versus Actual Rank for
Task 1is 0,0119763 (see Figure 3). This suggkatdhere is a very weak positive correlation
between the two. Ideally, the more independengtbap members are, the better the outcome
of the task. It can be observed that the grougsask 2 adhere to the postulation of Wisdom of
Crowd more than the groups in Task 1.
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4.2.3 Decentralization versus Actual Rank

TASK 1 - Decentralization Rank v Actual Rank
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Fig. 5 Decentralization versus Actual Rank for Task 1

TASK 2 - Decentralization Rank v Actual Rank
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Fig. 6 Decentralization versus Actual Rank for Task 2

These graphs demonstrate the correlation betwabksp@amdence and performance of the
task. The Spearman’s Correlation Coefficient fatdpendence Rank versus Actual Rank for
Task 1is 0,0119763 (see Figure 3). This suggkatdhere is a very weak positive correlation
between the two. Ideally, the more independengtbap members are, the better the outcome
of the task. It can be observed that the grougsask 2 adhere to the postulation of Wisdom of
Crowd more than the groups in Task 1.
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4.2.4 Aggregation versus Actual Rank

TASK 1 - Aggregation Rank v Actual Rank
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Fig. 7 Aggregation versus Actual Rank for Task 1
TASK 2 - Aggregation Rank v Actual Rank
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Fig. 8 Aggregation versus Actual Rank for Task 2

When the Aggregation Rank is compared with ActuahlRusing the Spearman’s Rank
Correlation Coefficient, the groups in Task 1 digph very weak negative correlation with the
p value of -0,0479051 while the groups in Task 2 destrate a very strong positive correlation
with thep value of 0,8857143 indicating better performangéhe group that exercised higher
level of participative decision making.
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5 Conclusion & Discussion

James Surowiecki argues that when a group of iddals working together satisfy the four
conditions: diversity of opinion, independence,atgcalization and aggregation, they perform
better than an individual. Through his book “Thesdém of Crowds”, upon which this study
Is based, Surowiecki uses real life examples tavghat the average opinion of groups is often
more correct than most individuals in the groupsTypothesis was examined on the students
working in groups for Innoweek. The results showed the groups working on one task abided
by the hypothesis while results of the groups waglon the other task did not comply.

This study was built upon the premise that a gneenforms better if the four conditions of
diversity of opinion, independence, decentralizatemd aggregation are met. When we
examined the hypothesis on the groups in Innoweed,contrasting results appeared. The
groups performing one task did better only whely theed higher diversity of opinion while the
groups performing another task did better when trel/higher diversity of opinion as well as
higher independence, decentralization and aggmyalhis means that the groups performing
the second task followed the Wisdom of Crowds batdnes performing the first task did not.

The conflicting outcome of the research may betdwertain factors pertaining to the nature
of the tasks and statistical shortcomings. The fask challenged the students to come up with
plans to commercialize a company’s various produdisis might have affected the
independence among group members as their scqperformance was in some way limited
to the products’ features and the company’s guésli The second task, on the other hand,
challenged students to come up with a plan to asgehe voter turnout during OSAKO'’s
annual student union elections. This was more afan task, where the participants’ scope
was not limited, enabling them to come up with &imgl of ideas.

The four conditions were examined individually agdithe actual performance using the
Spearman’s Rank Correlation Coefficient, where egolp’s scores were ranked from first to
last and compared with the actual results of Inredwé@ his rank versus rank correlation
displayed the effect any or all of the four cormh had on the actual performance. According
to the results, the groups working on the task casioned by PrintoCent only performed
better when there was higher diversity of opinidbhese groups did not perform better when
they had higher independence, decentralizatiorggregation. On the other hand, the groups
working on the OSAKQO’s commissioned task perforrhetter when they had higher diversity
of opinion, independence, decentralization or aggfien. Since Diversity of Opinion is a
common theme of better performance of the growgsuld be said that groups perform better
when members of the groups contribute with unigqd@mation and perspective they have.

The research was limited by various factors. The mumber of participants affected the
quality of data hindering the chances to attairinopin heterogeneity in groups. For future
research, the experiment can be conducted in am@ajional setting with a much larger group
of people, thus ensuring higher diversity of opmimdependence and decentralization. A more
scientific approach should be taken when measuhegonditions of wisdom of crowds and
assessing the performances. The same experimebecapeated multiple times with different
sets of data to obtain any conclusive outcome.

Innoweek, being a school task, was in some mamnéet to various parameters enforced
by the course and thus hindering the independeacirf among the participants. All the
participants of the survey were students. The grpdicale of the course was pass or fail.
Working harder than others did not ensure a beitécome for them. This may have
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discouraged some students from performing at tyigimum level. The methodology used to
collect data for the study might also have beerciensific. The survey questions might not

have been able to provide a true view of the gropesformance as it was completely

dependent on the participants’ opinions. Respomns® dbuld have also affected the results.
Since they were asked to score their own work dutite survey, they might have rated
themselves higher.

The two tasks were judged by their correspondinmgragssioners. The judges might have
had differing judgement criteria. The lack of aesdific mechanism for the judges to evaluate
the participants’ performance and consequent stibgepidgement by them could also have
affected the outcome. Another reason could be tinger of participants and groups. The first
task had more participants than the second tasbut®6% of the participants working on the
first task participated in the survey while only%%f those working on the second task
answered the survey. This disparity in the numlbgraaticipants might also have affected the
outcome of the study. Inclusion of qualitative dateuld have improved the results.
Interviewing some participants could have givenetaided perspective on the nature of the
tasks allowing better understanding of the dispanithe results.
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