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Aims

 To tell the story of our fight against misinformation 
 Mainly using crowdsourcing
 7 – 8 years

 Of course, many things to talk about
 Overall story 
 "Last results" (does it work?) 
 Fine grained scales + Magnitude estimation
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Many people, many papers

 The gang has been working!
 7 – 8 years, 22 people ➝ 26 papers

 (at least)

 I've been thinking how to present them
 Even with this three-hours-talk (ECIR standards, right?) I need to leave 

something out
 Of course I don't remember most of them
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So, where to start?

 Djoerd Hiemstra to the rescue!
 Conversation after some Spritz yesterday evening:

 Djoerd: "What are you talking about tomorrow?"
 Stefano: "You know, misinformation, bla bla fake news bla bla bla…"
 D.: "Will you spread some fake news?" 
 S.: "That's a great idea!"
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"Fake news"

https://xkcd.com/899/ 

https://xkcd.com/899/
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"Fake news"

https://xkcd.com/899/ 

https://xkcd.com/899/
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Outline

 ✓ Stupid jokes
 Background

 Scenario: Misinformation, Fact-checking, Truthfulness assessment
 Crowdsourcing

 The story – aka Our approach
 Experiments, Screenshots, Datasets, Results, …
 Repeat

 More technical
 Scales, Classification, Ranking, Ordinal classification, even Magnitude 

Estimation
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Misinformation

 Misinformation & Disinformation are spreading
 Need for researchers and society to find countermeasures

Misinfo galaxy
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Fact-checking

 The process aimed at determining if a claim/info/news/etc. is 
true or not

 Rather complex process
 Experts, follow a protocol, seek evidence, discuss, reach a verdict

Misinfo galaxy

Fact-checking
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Beyond Fact-checking

 Of course there's much more
 E.g., how the fake news spread when compared to the true ones?
 Echo chambers
 Filter bubbles
 Etc.

Misinfo galaxy

Fact-checking
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Truthfulness assessment

 We focus on "Is this true or not?"
 And on how to answer that question
 Usually done by experts
 A lot of research on using AI
 We use crowdsourcing

Misinfo galaxy

Fact-checking

Truthfulness assessment



17The Truth of Crowds? - Stefano Mizzaro

Crowdsourcing?
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Crowdsourcing – Definition

 "taking a task traditionally performed by an employee or 
contractor, and outsourcing it to an undefined, generally large
group of people or community in the form of an open call"

 [http://en.wikipedia.org/wiki/Crowdsourcing]

http://en.wikipedia.org/wiki/Crowdsourcing


Crowdsourcing – Definition

 "The practice of obtaining needed services, ideas, or content by 
soliciting contributions from a large group of people and 
especially from the online community rather than from 
traditional employees or suppliers" 

 [Merriam-Webster] 
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Crowdsourcing – Definition

 "Simply defined, crowdsourcing represents the act of a company 
or institution taking a function once performed by employees 
and outsourcing it to an undefined (and generally large) network 
of people in the form of an open call. This can take the form of 
peer-production (when the job is performed collaboratively), but 
is also open undertaken by sole individuals. The crucial 
prerequisite is the use of the open call format and the large 
network of potential laborers.“ 

 [Howe, 2006] 

The Truth of Crowds? - Stefano Mizzaro 20



21The Truth of Crowds? - Stefano Mizzaro

Motivation / Justification

 So, we propose to crowdsource truthfulness assessment
 Does it make sense, and why?

 In principle



AI vs. Experts

Scale

Cost

Accuracy

+

+

+-

-

-

Explainability +-

Crowdsourced Workers Fact-Checking ExpertsAI Tools

Control of Bias +-
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AI + Experts

 Stage 1: AI
 Output: Truthfulness value + Confidence
 (+ more: explanations…)

 Stage 2 (if low Confidence): Experts
 Output: Truthfulness value + Confidence
 (+ more: explanations, motivations, …)

Truthfulness Assessment 
System

News True/False



AI vs. Crowd vs. Experts

Scale

Cost

Accuracy

+

+

+-

-

-

Explainability +-

Crowdsourced Workers Fact-Checking ExpertsAI Tools

Control of Bias +-
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AI + Crowd + Experts

The Truth of Crowds? - Stefano Mizzaro 25

Truthfulness Assessment System

News True/False



AI + Crowd + Experts
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Truthfulness Assessment System

News True/False



AI + Crowd + Experts
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AI + Crowd + Experts

 Stage 1: AI
 Output: Truthfulness value + Confidence
 (+ more: explanations…)

 Stage 2 (if low Confidence): Crowd
 Output: Truthfulness value + Confidence
 (+ more: explanations, motivations, …) 

 Stage 3 (if low Confidence): Experts
 Output: Truthfulness value + Confidence
 (+ more: explanations, motivations, …) 



AI + Crowd + Experts

The Truth of Crowds? - Stefano Mizzaro 29

Truthfulness Assessment System

News True/False
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Main RQ

 Can the crowd be put in the right conditions to assess 
truthfulness?



31The Truth of Crowds? - Stefano Mizzaro

Overall approach

 We take some statements with ground truth
 We ask crowd workers to assess the truthfulness

 In a sort of "controlled" situation

 We compute agreement with ground truth

 (several variations / versions)
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Outline

 ✓ Stupid jokes
 Background

 Scenario: Misinformation, Fact-checking, Truthfulness assessment
 Crowdsourcing

 The story – aka Our approach
 Experiments, Screenshots, Datasets, Results, …
 Repeat

 More technical
 Scales, Classification, Ranking, Ordinal classification, even Magnitude 

Estimation
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Experimental design (one version)

 Crowdsourcing platform: 
 Amazon's Mechanical Turk 
 Prolific

 Each worker judges the truthfulness of 8 (6 + 2) statements
 (randomization to avoid bias)

 Redundancy
 Each statement judged by 10 workers

 Quality checks:
 2 statements are equal for all workers: one clearly true and one clearly false
 Time, Actions
 …
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Experimental design (one version)

 Datasets
 Politifact
 (But not only)

 In total
 120 statements, 20 for each Politifact category (+ the two for quality check)
 120 / 6 * 10 = 200 workers, each expressing 8 assessments, 1,600 assessments 

in total

 We also ask for evidence
 Custom search engine to avoid workers finding Politifact pages with evidence
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The worker task



Screenshots – What the workers are doing
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Now, some results
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Agreement with Ground truth 3. [ECIR 2020]
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(more on the scale later)
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Another result 4. [SIGIR 2020]
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Figure 2: From left to right: S3, S6, S100; agreement with PolitiFact and ABC, separated by the vertical dashed line.

Figure 3: HIT pairwise agreement, relative frequency
(PolitiFact on the left, ABC on the right).

We measured the statistical signi!cance of the di"erences be-
tween the ratings aggregated by mean for categories of the S6, S3,
and S100 collections according to the Mann-Whitney rank test and
the t-test. Concerning ABC, adjacent categories are signi!cantly
di"erent in 5 cases out of 12, while the di"erence between non
adjacent categories are all signi!cant to the p< .01 level. Concern-
ing PolitiFact, the di"erences between the ratings aggregated
by mean for adjacent categories and not adjacent ones by distance
of 2 (e.g., 0 and 2) are never signi!cant with only one exception
(distance 2); di"erences for not adjacent categories of distance 3 are
signi!cant in 4/18 cases, and di"erences for categories of distance
4 are signi!cant in 5/12 of the cases. Finally, categories of distance
5 (i.e., 0 and 5) are signi!cant in 4/6 cases. Although there is some
signal, it is clear that the answer to RQ1 cannot be positive on the
basis of this results. We will come back on this in Section 4.5.

We now turn on inspecting the agreement between the workers
and the ground truth by looking at each HIT. To do so, we com-
puted, for all the S3, S6, and S100 collections the pairwise agreement
[31] between the truthfulness scores expressed by workers and
the ground truth labels, with a breakdown over PolitiFact and
ABC statements. We considered a slightly modi!ed version of the
pairwise agreement measure de!ned by Maddalena et al. [31]: in
the attempt to make the pairwise agreement measure fully compa-
rable across the di"erent scales, we removed all the ties. Intuitively,
pairwise agreement as described in Maddalena et al. [31] measures
the fraction of pairs in agreement between a “ground truth” scale
and a “crowd” scale. Speci!cally, a pair of crowd judgments (crowd-
judgment1, crowd-judgment2) is considered to be in agreement if
crowd-judgment1 → crowd-judgment2 and the ground truth for
crowd-judgment1 is < the ground truth for crowd-judgment2. In
our measurement6 we removed all the ties (i.e., crowd-judgment1 =
crowd-judgment2), and we used < in place of →. Figure 3 shows the

6The code used to compute the pairwise agreement as de!ned by us can be found at
https://github.com/KevinRoitero/PairwiseAgreement.

Figure 4: Agreement between scales with a breakdown on
PolitiFact statements (!rst row), and agreement between
scales with a breakdown on ABC statements (second row).
From left to right: S6 vs. S3, S100 vs. S3, and S100 vs. S6.

CCDF (Complementary Cumulative Distribution Function) of the
relative frequencies of the HIT agreement. As we can see from the
charts, the S3, S6, and S100 scales show a very similar level of exter-
nal agreement; such behavior is consistent across the PolitiFact
and ABC datasets. Again, this result con!rms that all the considered
scales present a similar level of external agreement with the ground
truth, with the only exception of S100 for the ABC dataset: this is
probably due to the treatment of ties in the measure, that removes
a di"erent number of units for the three scales.

Internal Agreement. We now turn to investigate the internal agree-
ment (i.e., the agreement measured among the workers themselves),
and in particular we also compare workers using di"erent scales.
We computed a metric used to measure the level of agreement in a
dataset, the Krippendor"’s ω [26] coe#cient. All ω values within
each of the three scales S3, S6, S100 and on both PolitiFact and
ABC collections are in the 0.066–0.131 range. These results show
that there is a rather low agreement among the workers [6, 26].

To further investigate if the low agreement we found depends on
the speci!c scale used to label the statements, we also performed
all the possible transformations of judgments from one scale to
another, following the methodology described by Han et al. [19].
Figure 4 shows the scatterplots, as well as the correlations, between
the di"erent scales on the PolitiFact and ABC statements. As we

Session 3A: Bias and Fairness SIGIR ’20, July 25–30, 2020, Virtual Event, China

444



57The Truth of Crowds? - Stefano Mizzaro

What we told ourselves

 "Increasing medians"… bla bla bla … "there is a signal" … bla bla 
bla …

 Yes we published some papers
 And some more in the following years

 Multidimensional scale
 COVID-related statements (medical, recent, sensitive)
 Longitudinal
 …
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The sad truth
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Figure 8: Agreement with ground truth for merged cate-
gories for PolitiFact. From the left: mean for the three
scales S3, S6, S100 and then median for the same scales. From
top to bottom: three and two resulting categories. The me-
dian is highlighted by the red diamond.

These results are much stronger than the previous ones: we
can now state that the crowd is able to single out true from false
statements with good accuracy; for statements with an intermediate
degree of truthfulness/falsehood the accuracy is lower.

4.6 Sources of Evidence
Table 3 shows the distribution of websites used by workers to
justify the truthfulness label they chose for each statement. As we
can see, the most used sources are, for all the scales, “Wikipedia”
and “YouTube”, followed by popular news websites such as “The
Guardian” and “The Washington Post”. Furthermore, we can see
that among the most popular sources there is one fact checking
website (i.e., FactCheck). Noting that we intentionally removed
abc.com.au and politifact.com URLs from those which could be
selected, this shows that workers, supported by the search engine,
tend to identify trustworthy information sources to support their
judgment decisions.

Table 4 shows the distribution of the ranks within the search
engine results of the URLs chosen by workers to justify their judg-
ments (without considering the gold questions), for S3, S6 and S100.
As we can see from the table, the majority of workers tend to
click on the !rst results shown by the search engine, as expected
[8, 21, 23]. Nevertheless, the results also show that workers explore
the !rst ten documents as ranked by the search engine and do not
simply click on the !rst returned URL, thus putting some e"ort to
!nd a reliable source and/or justi!cation. Finally, we note that over
all the scales, all the workers stopped at the !rst page of results
as returned by the search engine, and no one investigated search
results with rank greater than 10.

4.7 E!ect of Worker Background and Bias

CRT Test. To answer RQ4, we aim to assess the relationships that ex-
ists between workers’ background and their performance. In terms
of workers’ cognitive skills, we measure CRT performance as the
percentage of correct answers given by them. Thus, a higher CRT
score is associated to higher analytical thinking ability [13]. We
compare worker performances across the three scales by means of
the standardized calculation of the z-score for each worker and each

assessment level. The z-score for each statement represents the per-
formance of crowd workers as compared to others. The lower the
z-score for false statements, the stronger the ability of the crowd
to identify lies and the higher the z-score for true statements, the
higher the ability to identify accurate information. “Discernment”
is then calculated by deducting the z-score for false statements from
the z-score for true statements. This represents the ability of the
crowd to distinguish the true from the false [38]. In this analysis
we focus on statements with extreme true or false ground truth
labels and discard the ‘in-between’ statements as they do not pro-
vide additional evidence on the ability of the crowd to distinguish
between true/false information.

Table 5 shows the results. First, there is a statistically signi!-
cant (Spearman’s rank-order test), moderate positive correlation be-
tween Discernment and CRT score on statements from PolitiFact
and ABC (rs (598) = 0.128, p = 0.002 and rs (598) = 0.11, p = 0.007
respectively). This shows that workers who re#ect more perform
better in identifying pants-on-!re statements of US (local) politi-
cians (rs (598) = →0.098, p = 0.017), and identifying true state-
ments of AU (not local) politicians (rs (598) = 0.11, p = 0.007).
In general, people with strong analytical abilities (as determined
by the CRT test) can better recognize true statements from false
(rs (598) = 0.154, p < 0.0005). Besides, the ability to distinguish
true from false increases with age (rs (598) = 0.125, p = 0.002).
Older workers perform better in recognizing true statements by US
politicians (rs (598) = 0.127, p = 0.02). The level of education and
income do not have statistically signi!cant correlation with their
judgments.

Political Background. As a Shapiro-Wilk test [46] con!rms that dis-
cernment scores are normally distributed (p > 0.05) for groups
with diverse political views, we can conduct a one-way ANOVA
analysis to determine if the ability to distinguish true from false
statements was di"erent across groups.8 Discernment score is sta-
tistically signi!cantly di"erent between di"erent political views
(Welch’s F (4, 176.735) = 3.451, p = 0.01). A Games-Howell post-
hoc test con!rms that the increase of discernment score (0.453,
95% CI (0.028 to 0.879)) from conservative (→0.208 ± 1.293) to lib-
eral (0.245 ± 1.497) is statistically signi!cant (p = 0.03). Given
these results, we can conclude that crowd workers who have liberal
views can better di"erentiate between false and true statements.
Furthermore, there is no statistically signi!cant di"erence –we use
a Kruskal-Wallis H test [27], as a Shapiro-Wilk test [46] shows a
non-normal distribution p < 0.05– in discernment scores based
on the political party in which crowd workers explicitly identi!ed
themselves with (x2(3) = 3.548, p = 0.315). This shows there is
no di"erence in judgment quality based on their explicit political
stance. However, an analysis of their implicit political views rather
than their explicit party identi!cation shows a di"erent result.

From the above results we can see that while the explicit party
identi!cation does not have a signi!cant impact on the judgment
quality for true and false statements, their implicit political orienta-
tion does. The partisan gap on the immigration issue is apparent in
the US. According to the survey conducted by Pew Research Center

8As a Levene’s test [45] showed that the homogeneity of variances was violated
(p = 0.034) we used the Welch-Satterthwaite correction [44] to calculate the degrees
of freedom and a Games-Howell post-hoc test [43] to show multiple comparisons.
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Figure 2: From left to right: S3, S6, S100; agreement with PolitiFact and ABC, separated by the vertical dashed line.

Figure 3: HIT pairwise agreement, relative frequency
(PolitiFact on the left, ABC on the right).

We measured the statistical signi!cance of the di"erences be-
tween the ratings aggregated by mean for categories of the S6, S3,
and S100 collections according to the Mann-Whitney rank test and
the t-test. Concerning ABC, adjacent categories are signi!cantly
di"erent in 5 cases out of 12, while the di"erence between non
adjacent categories are all signi!cant to the p< .01 level. Concern-
ing PolitiFact, the di"erences between the ratings aggregated
by mean for adjacent categories and not adjacent ones by distance
of 2 (e.g., 0 and 2) are never signi!cant with only one exception
(distance 2); di"erences for not adjacent categories of distance 3 are
signi!cant in 4/18 cases, and di"erences for categories of distance
4 are signi!cant in 5/12 of the cases. Finally, categories of distance
5 (i.e., 0 and 5) are signi!cant in 4/6 cases. Although there is some
signal, it is clear that the answer to RQ1 cannot be positive on the
basis of this results. We will come back on this in Section 4.5.

We now turn on inspecting the agreement between the workers
and the ground truth by looking at each HIT. To do so, we com-
puted, for all the S3, S6, and S100 collections the pairwise agreement
[31] between the truthfulness scores expressed by workers and
the ground truth labels, with a breakdown over PolitiFact and
ABC statements. We considered a slightly modi!ed version of the
pairwise agreement measure de!ned by Maddalena et al. [31]: in
the attempt to make the pairwise agreement measure fully compa-
rable across the di"erent scales, we removed all the ties. Intuitively,
pairwise agreement as described in Maddalena et al. [31] measures
the fraction of pairs in agreement between a “ground truth” scale
and a “crowd” scale. Speci!cally, a pair of crowd judgments (crowd-
judgment1, crowd-judgment2) is considered to be in agreement if
crowd-judgment1 → crowd-judgment2 and the ground truth for
crowd-judgment1 is < the ground truth for crowd-judgment2. In
our measurement6 we removed all the ties (i.e., crowd-judgment1 =
crowd-judgment2), and we used < in place of →. Figure 3 shows the

6The code used to compute the pairwise agreement as de!ned by us can be found at
https://github.com/KevinRoitero/PairwiseAgreement.

Figure 4: Agreement between scales with a breakdown on
PolitiFact statements (!rst row), and agreement between
scales with a breakdown on ABC statements (second row).
From left to right: S6 vs. S3, S100 vs. S3, and S100 vs. S6.

CCDF (Complementary Cumulative Distribution Function) of the
relative frequencies of the HIT agreement. As we can see from the
charts, the S3, S6, and S100 scales show a very similar level of exter-
nal agreement; such behavior is consistent across the PolitiFact
and ABC datasets. Again, this result con!rms that all the considered
scales present a similar level of external agreement with the ground
truth, with the only exception of S100 for the ABC dataset: this is
probably due to the treatment of ties in the measure, that removes
a di"erent number of units for the three scales.

Internal Agreement. We now turn to investigate the internal agree-
ment (i.e., the agreement measured among the workers themselves),
and in particular we also compare workers using di"erent scales.
We computed a metric used to measure the level of agreement in a
dataset, the Krippendor"’s ω [26] coe#cient. All ω values within
each of the three scales S3, S6, S100 and on both PolitiFact and
ABC collections are in the 0.066–0.131 range. These results show
that there is a rather low agreement among the workers [6, 26].

To further investigate if the low agreement we found depends on
the speci!c scale used to label the statements, we also performed
all the possible transformations of judgments from one scale to
another, following the methodology described by Han et al. [19].
Figure 4 shows the scatterplots, as well as the correlations, between
the di"erent scales on the PolitiFact and ABC statements. As we

Session 3A: Bias and Fairness SIGIR ’20, July 25–30, 2020, Virtual Event, China

444

Binary accuracy: 0.6



2018 2019 2020 2021 2022 2023 2024 2025

We. Did. Not. Stop.

Crowdsourcing vs. 
Nichesourcing 
[INRA 2018]

Scales
[RSDM 18]

Scales, bias
[ECIR 20] ★

Scales, data++
[SIGIR 20]

COVID, medical, 
recent [CIKM 20]

Hybrid system 
[IEEE Bulletin 20]

Multidim.
[IPM 21]

Longitudinal 
[PAUC 21]

Hybrid 
[TTO 21]

10
Crowd_Frame 
[WSDM 22]

11

Bias
[FAccT 22]

1

12
DL
[CLEF 22]

13
Hybrid sys++
[NL4AI 22]★

5

2

14

Hybrid
[JDIQ 22]

15

All
[PhD 23]

16

All
[IIR 23]

17
Hybrid sys++
[IA 23]

18

Bias
[CACM 24]

19

Biases
[IPM 24a]

20

Quality++
[IPM 24b]

21

Hybrid
[SIGIR 24]

6 7

9

3

4 8

22

Hybrid
[IIR 24]

23

All
[PhD 25]

25

ME
[SIGIR 25a]

26

Summaries
[SIGIR 25b]

24

RAG
[ECIR 24]

60



61The Truth of Crowds? - Stefano Mizzaro

Motivation: Does crowdsourcing actually work?

Study Binary Accuracy

3. [ECIR 2020] 0.841 (*)

4. [SIGIR 2020] 0.627

8. [IPM 2021] 0.571

11. [FAccT 2022] 0.580

(*) But the Politifact evidence was easily retrievable…
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Motivation: Does crowdsourcing actually work?

Study Binary Accuracy

3. [ECIR 2020] 0.841 (*)

4. [SIGIR 2020] 0.627

8. [IPM 2021] 0.571

11. [FAccT 2022] 0.580

Allen et al. (Science Advances 2021) 0.826

(*) But the Politifact evidence was easily retrievable…

Allen, J., Arechar, A. A., Pennycook, G., & Rand, D. G. (2021). Scaling up fact-checking using the wisdom of crowds. Science Advances, 7(36), 
eabf4393. https://doi.org/10.1126/sciadv.abf4393
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Motivation: Does crowdsourcing actually work?

Study Binary Accuracy Method

3. [ECIR 2020] 0.841 (*)

Crowd

4. [SIGIR 2020] 0.627

8. [IPM 2021] 0.571

11. [FAccT 2022] 0.580

Allen et al. (Science Advances 2021) 0.826

Hu et al. (AI Open 2022) [0.531 - 0.904] AI

Allen, J., Arechar, A. A., Pennycook, G., & Rand, D. G. (2021). Scaling up fact-checking using the wisdom of crowds. Science Advances, 7(36), 
eabf4393. https://doi.org/10.1126/sciadv.abf4393
Hu, L., Wei, S., Zhao, Z., & Wu, B. (2022). Deep learning for fake news detection: A comprehensive survey. AI Open, 3, 133–155. 
https://doi.org/10.1016/j.aiopen.2022.09.001

(*) But the Politifact evidence was easily retrievable…

https://doi.org/10.1016/j.aiopen.2022.09.001
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Real motivation!

Study Binary Accuracy Method

3. [ECIR 2020] 0.841 (*)

Crowd

4. [SIGIR 2020] 0.627

8. [IPM 2021] 0.571

11. [FAccT 2022] 0.580

Allen et al. (Science Advances 2021) 0.826

Hu et al. (AI Open 2022) [0.531 - 0.904] AI

(*) But the Politifact evidence was easily retrievable…

We're at 0.6, 
the others (even 
AI) are at 0.8, 
WTF?

Allen, J., Arechar, A. A., Pennycook, G., & Rand, D. G. (2021). Scaling up fact-checking using the wisdom of crowds. Science Advances, 7(36), 
eabf4393. https://doi.org/10.1126/sciadv.abf4393
Hu, L., Wei, S., Zhao, Z., & Wu, B. (2022). Deep learning for fake news detection: A comprehensive survey. AI Open, 3, 133–155. 
https://doi.org/10.1016/j.aiopen.2022.09.001

https://doi.org/10.1016/j.aiopen.2022.09.001
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Improvements

 Better crowd
 Amazon's Mechanical Turk ➝ Prolific

 Better instructions
 Rewording, shortening, more direct

 Better UI
 Some small improvements 

 (even after 5+ years of re-doing the same experiments!)



2018 2019 2020 2021 2022 2023 2024 2025

Timeline: we are here…

Crowdsourcing vs. 
Nichesourcing 
[INRA 2018]

Scales
[RSDM 18]

Scales, bias
[ECIR 20] ★

Scales, data++
[SIGIR 20]

COVID, medical, 
recent [CIKM 20]

Hybrid system 
[IEEE Bulletin 20]

Multidim.
[IPM 21]

Longitudinal 
[PAUC 21]

Hybrid 
[TTO 21]

10
Crowd_Frame 
[WSDM 22]

11

Bias
[FAccT 22]

1

12
DL
[CLEF 22]

13
Hybrid sys++
[NL4AI 22]★

5

2

14

Hybrid
[JDIQ 22]

15

All
[PhD 23]

16

All
[IIR 23]

17
Hybrid sys++
[IA 23]

18

Bias
[CACM 24]

19

Biases
[IPM 24a]

20

Quality++
[IPM 24b]

21

Hybrid
[SIGIR 24]

6 7

9

3

4 8

22

Hybrid
[IIR 24]

23

All
[PhD 25]

25

ME
[SIGIR 25a]

26

Summaries
[SIGIR 25b]

24

RAG
[ECIR 24]

66



67The Truth of Crowds? - Stefano Mizzaro

(Better) Results!
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Aaaaaah, 0.8
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Aaaaaah, 0.8
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Outline

 ✓ Stupid jokes
 Background

 Scenario: Misinformation, Fact-checking, Truthfulness assessment
 Crowdsourcing

 The story – aka Our approach
 Experiments, Screenshots, Datasets, Results, …
 Repeat

 More technical
 Scales, Classification, Ranking, Ordinal classification, even Magnitude 

Estimation
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How to express truthfulness?

 In technical terms, which scale to use?



Binary scale

 Traditional solution: binary scale
 Binary truthfulness

👍     👎
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True False
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Non-binary scales

 3-levels scale 
 True
 Neither false not true
 False
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Non-binary scales

 4-levels scale
 Completely false
 More false than true
 More true than false
 Completely true
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It's not just categories

 4-level ordinal category scale
 Completely false
 More false than true
 More true than false
 Completely true
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It's not just ranking

 4-level ordinal category scale
 Completely false
 More false than true
 More true than false
 Completely true
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Also IRL

 Politifact: https://www.politifact.com 
 6 levels scale

https://www.politifact.com/
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Subtle differences

2 (n) levels 3 (n) ordered levels

Binary (n-ary) classification Ordinal classification

All errors are equal Misclassifying in the adjacent 
category is a smaller error than 
misclassifying in the next one

- False
- Neither true nor false
- True

Standard metrics (F1, Accuracy) No standard metrics
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No standard metrics?!

 Accuracy
 Assumes all errors are equal!

 MSE, RMSE, MAE, …?
 Assume equally spaced categories!

 CEM!?
 (but that's for another talk)
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0, 1, 2, 3, 4, 5?

 Why not 0, 1, 10, 100, 1000, 10000?!
 Or 0, 1, 3, 5, 7, 8?

 (more later on this)
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We even tried 100 levels

 101 actually



Even more?!

 So, 
 2
 3
 4
 5
 6
 101

 Even more!?
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Listen, you're NOT 
going to say that 

you'll use more than 
100 levels, are you?
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Yes. More than 101.
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Magnitude Estimation (ME)

 A psychophysical scaling technique for measuring perception
 Stimuli at different levels of intensity are presented to an 

observer
 The intensity of each stimulus is rated by the assignment of a 

number, depending on the perceived intensity
 "Given a stimulus, assign it a number (whole o fraction)"

 Developed by Stanley Stevens at Harvard in 1950s
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Magnitude Estimation (ME)…

 Unlimited (≠ “category scale with many categories”)
 either ]-∞, +∞[ or
 ]0, +∞[ (we used this one)
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Magnitude Estimation (ME)…

 Unlimited (≠ “category scale with many categories”)
 either ]-∞, +∞[ or
 ]0, +∞[ (we used this one)

• There will always be a higher number!
• And lower (0 is excluded)



ME used for

 Initially for physical stimuli, such as: 
 brightness of a light
 frequency of a sound
 etc. 

 These have an underlying measurable quantity
 Also applied to stimuli that are not physically quantifiable, such as: 

 levels of pain or emotional stress (medicine)
 severity of crimes, appropriateness of punishments (law)
 importance of Swedish monarchs (sociology)
 wine tasting
 usability of an interface (HCI)
 judging grammaticality of sentences (linguistics)
 relevance assessments
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ME

 Leads to ratio scale: ratios of the assigned numbers is what’s important
 If one item is assigned a 50, and another 10, then it can be inferred that the 

former is 5 times more … than the latter
 Supports all mathematical operations, and parametric statistical analysis

 ME truthfulness assessment should be more precise than binary or 
ordinal assessments
 The granularity of the scale is chosen by the assessor, and not constrained by 

pre-determined levels
 Assessors cannot run out of categories



Issues with ME

 My “inner scale” is different from yours
 Cultural background might affect which numbers are used

 E.g., school marks over 0–10 (in Italy) vs. A–F vs. 0–100 vs. …
 Round number tendency (prefer 20 to 21)

 Using ME for truthfulness assessment?
 "A claim more true (false) than an already absolutely true (false) one?!"

 It. Can’t. Work.
 But we tried! (and we are the first!)
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RQs

 Can the crowd express reliable truthfulness assessments using 
ME?

 Are there any advantages to do so?
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Comparison with S6

 Experimental design identical to a previous study 
 20. [IPM 2024b]
 Apart from the scale: we had used Politifact 6-level scale (S6 from now on)

 We knew it worked 😬
 (actually, many studies)

 We can compare ME 
with S6 🧐
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Normalization

 S6 values were converted into [0, 5]
 (yes, more on that later)

 Each ME value is normalized into [0, 5]
 Using the max & min values by each worker
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Aggregation

 10 individual scores  1 aggregated score
 We tried several alternatives

 Weighted mean resulted more effective
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ME vs. S6 & ground truth



 ME: increasing medians/means
 ME vs S6: similar trends

 ME lower for low truthfulness 
values, but lower also for high 
truthfulness value

The Truth of Crowds? - Stefano Mizzaro 97

ME vs. S6 & ground truth
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ME vs. S6 & ground truth
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ME vs. S6: numbers

Remember 
Ordinal 
Classification? No 
metric works, but 
we use all of 
them 😬
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ME vs. S6: numbers

Remember 
Ordinal 
Classification? No 
metric works, but 
we use all of 
them 😬
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First result

 ME allows to gather reliable truthfulness assessments
 No evidence that ME is worse than S6
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Beyond ME vs. S6

 Can ME tell us something that S6 can not?
 Possible, ME is more fine-grained
 Is the additional information useful?
 Yes, in two ways



1. Complementarity
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 If ME and S6 were equivalent, dots 
would be on the diagonal
 They are not
 (ME covers more [0,5])

  Combination of ME and S6?
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2. Perception of truthfulness values

 0, 1, 2, 3, 4, 5?
 Actually, no.
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Distributions of individual normalized values



Remember 0, 1, 2, 3, 4, 5?

 Pants On Fire ~ False
 Superlinear increase 

 False  Mostly False  Half True  Mostly True

 Mostly True ~ True
 Maybe 0, 0.5. 1.8, 3.1, 4.5, 5?!

 (even with an "official" scale)

 And maybe the middle of the scale is around Half True
 Steepest increase

 Less than 1
 More than 1

 Less than 1
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From this…
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… to something like this
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So, Magnitude Estimation

 In terms of accuracy, we couldn't find any compelling reason to 
prefer S6 to ME
 (ok, ok, neither the other way around)

 But, ME did provide more information
 It appears that workers judge differently
 Useful indication on the scale used by Politifact
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Conclusions & Lessons learned

 Lesson 1. Crowdsourcing is a viable alternapve (?)
 Is 0.8 enough?! 🤷

 Lesson 2. Improvements are always possible
 Hard work is needed
 "Live. Die. Repeat." ➝ "Try. Fail. Repeat."

 Lesson 3. Magnitude Espmapon can be used
 Even though it looked crazy
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Future

 Changes/Improvement to the task
 E.g., workers interacting?

 Combination AI / Crowd / Experts
 AI, Gen AI, LLMs, …
 So far inconclusive evidence
 E.g., Confidence seems not useful

 Deep fakes (video, multimedia)
 (First preliminary results: we are doomed! 😱)

 Summary of evidence: ➝ [SIGIR 2025b]
 Metrics for ordinal classification
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1. [INRA 2018]

 E. Maddalena, D. Ceolin, S. Mizzaro. "Multidimensional News 
Quality: A Comparison of Crowdsourcing and Nichesourcing." 
In CIKM Workshops --  Proceedings of the 6th International 
Workshop on News Recommendation and Analytics (INRA 2018), 
2018.

 http://ceur-ws.org/Vol-2482/paper17.pdf 
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 K. Roitero, G. Demartini, S. Mizzaro, D. Spina. How Many Truth 
Levels? Six? One Hundred? Even More? Validating Truthfulness 
of Statements via Crowdsourcing. In CIKM Workshops -- 2nd 
International Workshop on Rumours and Deception in Social 
Media (RDSM). 2018.

 https://www.damianospina.com/publication/roitero-2018-
how/roitero-2018-how.pdf 
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Crowdsourcing Truthfulness: The Impact of Judgment Scale and 
Assessor Bias. Advances in Information Retrieval - 42nd European 
Conference on IR Research, ECIR 2020. 207-214

 Video:
https://www.youtube.com/watch?v=9wFFMcplvjk
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