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1 ITEMS AND SURVEY QUESTIONS
1.1 Study 1: MTurk Data
1.1.1 Item variants

Original variant.

A bat and a ball cost $1.10 in total. The bat costs $1.00 meane the ball. How much does the ball
cost [in cents]?

Trivial variant.

A bat and a ball cost $1.10 in total. The bat costs more thabdhelt costs $1.00. How much does
the ball cost [in cents]?

Complementary variant variant.

A bat and a ball cost $1.10 in total. The bat costs $1.00 mane the ball. How much does the bat
cost [in cents]?

Transformed variant.

A golden bat and a golden ball cost $5,000 in total. The goldgrosts $4,000 more than the golden
ball. How much does the golden ball cost [in dollars]?

1.1.2 Previous exposure question

Have you seen the question about the bat and the ball befdvelark?
¢ | have seen the same question before.
¢ | have seen a similar question before.
¢ | have not seen this or a similar question before.

1.1.3 Attention checks

Participants had to pass one of two attention checks predeattthe beginning of the study, shown in
Figure[S1 and Figufe $2. The second check was only shownértleadirst attention check was failed.
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Choices of participants will always be affected by their preferences. Some contexis are less
interesting than others. For example, we are not interested in answers that are given when
not going through the texts. Thersfore we need to make sure that you are actually taking
the time. If you see this text then please disregard the sentence below. Instead, just move
the last category (yeliow) to the top position and leave everything else unchanged.

Thank you very much.

Please order the following colors in order of your preference:

white
\green
orange

black
red

blus

violet

yellow

HH

Figure S1. Attention check item 1 in Study 1

Thank you for sharing your color preferences with us. Unfortunately that was not question
we wanted to you to answer. |t seems that you have not seen the text above the last
guestion. We will give you a second chance to pass this test. Answer the following question
by entering the word bookworm without any capitalized letter in the field below, nothing
else.

What is your favorite book at the moment (including non-fiction)?

Figure S2. Attention check item 2 in Study 1

1.2 Study 1: Qualtrics Data

[Questions were presented on separate pages.

1.2.1 CRT questions

Iltem 1. A bat and a ball cost $1.10 in total. The bat costs a dollar rtiwe the ball. How much does
the ball cost? [cents]
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Item 2. If it takes 5 machines 5 min to make 5 widgets, how long woutdke 100 machines to make
100 widgets? [minutes]

Item 3. In alake, there is a patch of lily pads. Every day, the patakbtes in size. If it takes 48 days
for the patch to cover the entire lake, how long would it tadetie patch to cover half of the lake? [days]

1.3 Study 2
1.3.1 CRT questions

CRT 1. A bat and a ball cost $1.10 in total. The bat costs $1.00 mane the ball. How much does
the ball cost [in cents]?

CRT 2. If it takes 5 machines 5 minutes to make 5 widgets, how longlevitdake 100 machines to
make 100 widgets [in minutes]?

CRT 3. In alake, there is a patch of lily pads. Every day, the patalbtis in size. If it takes 48 days
for the patch to cover the entire lake, how long would it tateethe patch to cover half of the lake [in
days]?

Scale statistics.  The average score wad = 1.93 (SD = 1.19). The internal consistency was
measured as Cronbachis= .78 (N = 700).

1.3.2 Previous exposure question

Have you seen the first question about the bat and the balidoefoMTurk?
¢ | have seen the same question before.
¢ | have seen a similar question before.
¢ | have not seen this or a similar question before.

1.3.3 CRTt questions

CRTt 1. A golden bat and a golden ball cost $5,000 in total. The baiscp$,000 more than the ball.
How much does the golden ball cost [in $]?

CRTt 3. Inalake, there is a patch of lily pads. Every day, the pataibtis in size. If it takes 40 days
for the p%tch to cover the entire lake, how long would it tateethe patch to cover a quarter of the lake
[in days]

CRTt 2. Ifittakes 10 machines 10 minutes to make 10 widgets, howtemgd it take 1,000 machines
to make 1,000 widgets [in minutes]?

Scale statistics.  The average score wad = 1.60 (SD = 1.13). The internal consistency was
measured as Cronbachis= .66 (N = 700).

1.3.4 Financial Literacy Test
From|/Hastings et al. (2013):

FL 1. Suppose you had $100 in a savings account and the interestaat2% per year. After 5 years,
how much do you think you would have in the account if you le& imoney to grow?

e More than $102

1 Item 3 was presented before item 2 for the CRTt.
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e Exactly $102
e Less than $102
e Don’t know

FL 2. Imagine that the interest rate on your savings account wapdigear and inflation was 2%
per year. After 1 year, would you be able to buy more than toeegctly the same as today, or less than
today with the money in this account?

More than today

Exactly the same as today
Less than today

e Don’'t know

FL 3. Do you think that the following statement is true or false: Bigya single company stock usually
provides a safer return than a stock mutual fund?

e True
e False
¢ Don't know

FL 4. Do you think that the following statement is true or false: Bigya single company stock usually
provides a safer return than a stock mutual fund?

e True
e False
¢ Don't know

FL 5. Ifinterest rates rise, what will typically happen to bonetps?

e They will rise.

e They will fall.

e They will stay the same.
e There is no relationship.
e Don’'t know

Scale statistics.  Table[S1 shows solution rates in the sample £ 700) to each of the five items
of the scale. The average score wds= 3.7 (SD = 1.18). The internal consistency was measured as
Cronbach’'sy = .56).

Table S1. Proportions of correct solutions to the five financial ligré¢ems

ltem Correct [%]

FL1 89.9
FL2 78.9
FL3 77.7
FL4 87.9
FL5 35.7
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1.3.5 Subjective Numeracy
From|Fagerlin et all (2007):

For each of the following questions, please check the baxabst reflectdiow good you are at doing
the following things:

SN 1. How good are you at working with fractions3dale: 1-Not at all good to 6-Extremely g¢od

SN 2. How good are you at figuring out how much a shirt will cost if9t25% off? Bcale: 1-Not at
all good to 6—Extremely gogd

SN 3. For the following question, please check the box that béftats your answer:
How often do you find numerical information to be usefus2@le: 1-Never to 6—-Very offen

Scale statistics.  Table[S2 shows solution rates in the sample£ 700) to each of the three items
of the scale. The average score wids= 13.7 (SD = 3.09). The internal consistency was measured as
Cronbach’'sy = .80).

Table S2. Proportions of correct solutions to the three subjectiv@enacy items

[tem Mean SD
N1 81 1.4
SN2 4.86 1.20
SN3 5.00 1.01

1.4 Study 3
1.4.1 Complete list of items

Most participants answered five questions that were eithgimal CRT-items or variants. Participants
answered one question out of each of five blocks: (1) one o/éivants of the original first item (11), (2)
one of six variants of the original second item (12), (3) ), [1, (5) one of three novel items.

Study 3 also extended on the previous studies by includirgget range of transformed item variants
with systematically varied numbers and story elementsdbtkee degree of interference caused by super-
ficial cues|(Lee et al., 2015; Morley etlal., 2004; Ross, 1988)items are listed in Table_$3. Three of
the variants for each original items were equivalent vasia@ne pair of variants (AO ,SO) used the same
numbers as the respective original item, but a differenmysteansforming the bat-and ball example into a
story about the age of grandfather and grandchild (AO), hadvidget example into a social media story
(SO). A second pair (BT, WT) used the same story as the origieal,ibut transformed the numbers.
Note that the WT example did not follow the template in the SMiflee number of machines, minutes
and widgets were not the sdfhe\ third pair (AT, ST) changed both the story and transformathbers
(using a different transformation than the second paif)cAinges made for these groups of items were
superficial or surface changes (Holyoak and/Koh, 1987) treggrved the solutions strategy while chan-
ging incidental elements of items (Irvine, 2002). In theecabunchanged numbers, this left the solutions
themselves unaffected. Two of the three novel variants wWesggned to be lure items, the third offered
at least misleading intuitiols The remaining variants were non-equivalent and non-igpho variants

2 This deviation was introduced after observing the simijaritresponses to CRT2 and CRTt2.

3 The simplest correct solution procedure uses the fact titét game eliminates exactly one unique team, so that after 31 ¢gilrteams are eliminated to
determine the last team as winner.
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(Reed| 1987) that were constructed to differentiate padrtis with insight into the problems from those
blindly applying solution procedures. These variants (Béfér 11, WQ/SQ and WI/SI for 12) were pre-
sented in both story versions to test to which degree siityilar the original might interfere with solving
the variants.

The first 288 participants answered either 12 or one of itg&avés as block 2, but not both, and skipped
block 3, answering only four questions (at this point, ani@mthl item was added, as the observed
completion times for the HIT were faster than expected).

Table S3. Items presented in Study 3: abbreviation, block, item tetyton(s) coded as correct and intuitive

ID BI. Question Corr. Int.
B4 1 Abatand four balls cost $1.10 in total. The bat costs ladahore than a single ball. 2 2.5
How much does a ball cost? [in cents]
BT 1 Agolden bat and a golden ball cost $5,000 in total. Thelgobat costs $4,000 more 500 1,000
than the golden ball. How much does the golden ball cost? [in $]
A4 1 Agrandfather tells his four grand-children: "Togetivee are 110 years old, but | am 2 25
100 years older than each of you.” How old is a grand-child¥ars]
AT 1 Agrandfather tells his grand-child: "Together we a@y&ars old, but | am seventy years 6 12
older than you are.” How old is the grand-child? [in years]
AO 1 Agrandfather tells his grand-child: "Together we af®lears old, but | am 100 years 5 10
older than you.” How old is the grand-child? [in years]
WT 2 Ifittakes 20 machines 80 minutes to make 200 widgets, how\wngd it take 80 160
40 machines to make 400 widgets? [in minutes]
wQ 2 If it takes 20 machines 20 minutes to make 20 widgets, how langadht take 80 40
10 machines to make 40 widgets? [in minutes]
Wi 2 Ifittakes 5 machines 5 minutes to make 5 widgets, how many wédgeuld 20 10
be produced by 10 machines in 10 minutes?
SO 2 Ifittakes 5 social media bots 5 seconds to send 5 messagekrig would 5 100
it take 100 social media bots to send 100 messages? [in seconds]
ST 2 Ifittakes 10 social media bots 10 seconds to send 20,008ages, how long 10 20
would it take 20 social media bots to send 40,000 messages&ciimgs)]
SQ 2 Ifittakes 10 social media bots 10 seconds to send 20,00€ages how long 40 20
would it take 5 social media bots to send 40,000 messagesZpnds]
Sl 2 Ifittakes 5 social media bots 5 seconds to send 5 messayespany messages 20 10
would be sent by 10 social media bots in 10 seconds?
12 3 Ifittakes 5 machines 5 minutes to make 5 widgets, how longavibtake 100 5 100
machines to make 100 widgets? [in minutes]
11 4 Abatand a ball cost $1.10 in total. The bat costs $1.00 riane the ball. 5 10
How much does the ball cost? [in cents]
N1 5 Peter has four friends. Together they are able to cartyo46s. If Peter 160/168 200
had 20 friends instead, how many boxes would they be able tpZar
N2 5 Ifyou divided a long baguette by four cuts into even peeach piece would 10 9
be 18 cm long. How long would a piece be if you did it with eights? [in cm]
N3 5 Ina sports tournament, matches in each round were playgagams against 32 16/62

each other and only the winner was able to proceed to the aertlr It took a
total of 31 matches to determine the final winner.How many teamjpated
in this tournament?

Frontiers
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1.4.2 Block 1: Bat-and-ball variants
CRT-A Ballfour
B4.

A bat and four balls cost $1.10 in total. The bat costs 1 datiare than a single ball. How much
does a ball cost? [in cents]

BT.

A golden bat and a golden ball cost $5,000 in total. The goldgrrosts $4,000 more than the golden
ball.
How much does the golden ball cost? [in $]

1421 A4

A grandfather tells his four grand-children: "Together we &10 years old, but | am 100 years older
than each of you.”
How old is a grand-child? [in years]

AO.

A grandfather tells his grand-child: "Together we are 11@rgeold, but | am 100 years older than
you.”
How old is & grand-child? [in years]

AT.

A grandfather tells his grand-child: "Together we are 82rgexdd, but | am seventy years older than
you are.”
How old is the grand-child? [in years]

1.4.3 Block 2: Widget variants
WT.

If it takes 20 machines 80 minutes to make 200 widgets, hog Veould it take 40 machines to make
400 widgets? [in minutes]

WQ.

If it takes 20 machines 20 minutes to make 20 widgets, how Wemgjd it take 10 machines to make
40 widgets? [in minutes]

WI.

4 This was a typo in the study. As this item was never presewigetiier with one of the variants with four elements, there neaambiguity. The item has
been corrected in the manuscript (“a” replaced by “the”).
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If it takes 5 machines 5 minutes to make 5 widgets, how mangetglwould be produced by 10
machines in 10 minutes?

SO.

If it takes 5 social media bots 5 seconds to send 5 messagesohg would it take 100 social media
bots to send 100 messages? [in seconds]

ST.

If it takes 10 social media bots 10 seconds to send 20,00Cagesshow long would it take 20 social
media bots to send 40,000 messages? [in seconds]

Sl.

If it takes 10 social media bots 10 seconds to send 20,000agesshow long would it take 5 social
media bots to send 40,000 messages? [in seconds]

Q.
If it takes 5 social media bots 5 seconds to send 5 messagesnhoy messages would be sent by
10 social media bots in 10 seconds?
1.4.4 Block 3-4: Original CRT items
12 (Block 3).

If it takes 5 machines 5 minutes to make 5 widgets, how longlaviduake 100 machines to make
100 widgets? [in minutes]

|1 (Block 4).

A bat and a ball cost $1.10 in total. The bat costs $1.00 mane tie ball.
How much does the ball cost? [in cents]

1.4.5 Postquestionnaire

Have you encountered the previous question about a bat aall beffore (anywhere)? (Note that
your specific responses to this and the following questiofiswat affect your payment nor restrict
your participation in future studies.)

e yES
e NO
[The survey branches into two parts after this question, ddpat on the answer.]

Questionsif encountered.

Where have you encountered the bat-and-ball question r¥efBtease click all that apply.)
¢ | have not encountered this question before.

Frontiers 9
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¢ In a book/newspaper/journal (please name the source, ifgrmember the title(s))
e On an internet forum (please name the forum, if you rementper i

e In a lecture/class/presentation

e While doing a HIT on MTurk

e Somewhere else (please describe where, if you remember it)

[New page]

How many times have you had to answer the bat-and-ball quresti far (please guess, if necessary)?
Please write "1” if this is the first time.

How did you arrive at the answer to the bat-and-ball que8tion
¢ | knew the answer from memory
e | knew how to calculate the answer from memory
e | did not know the answer before the task

[New page]

Have you ever been offered bonus money on MTurk for the cbaaswer to the bat-and-ball
question?

e yes

e NO

Have you ever received feedback on MTurk on whether your answthe bat-and-ball question was
correct or not?

e yes, | was given the correct answer
¢ yes, but only "correct”/"false”
e NO

What is your opinion about the bat-and-ball question? Arectio¢gher questions or tasks that you feel
similar about?

Questionsif not encountered.

Have you searched for the answer to the bat-and-ball questiceceived the correct answer from
someone else?

¢ | found the answer on my own.

¢ | searched for the answer online.

¢ | searched for the answer elsewhere.

e Someone told me the answer/l read it somewhere by accident.

If you found the answer somewhere, where did you find it? @ehis field blank, if you did not find
it anywhere)

10
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What is your opinion about the bat-and-ball question? Arectlogher questions or tasks that you feel
similar about?

1.4.6 EV-scale

[Asterisks mark answers that were scored with 1, unmarked assmene scored as 0.]

Item 1.

What would you prefer?
e $3400 this month, or
¢ $3800 next montlif*)

Item 2.

What would you prefer?
e $500 for sure, or
e a15% chance of $1,000,009)

1.46.1 Item3

Item 3.

What would you prefer?
e $100 for sure, or
e a 75% chance of $200)

Scale statistics.  The average score on the three-item scale Was= 1.71 (SD = .965, N =
1003). Cronbach’s was estimated as = .37. Note that this internal consistency measure is likely to
underestimate the reliability of the scale, as the itemswmt chosen to be parallel. The three items
were selected from eighteen items administered by Frdd¢in5, see Table 3a); all three items showed
substantial differences between high and low scorers iotiiggnal CRT.

1.4.7 Block 5: Exploratory novel items

[Every participants answered these questions.]
N1.

Peter has four friends. Together they are able to carry 48$0x
If Peter had 20 friends instead, how many boxes would thebkeeta carry?

N2.

If you divided a long baguette by four cuts into even piecashepiece would be 18 cm long.
How long would a piece be if you did it with eight cuts?

N3. Note: As this item is not truly a lure item (as seen below, th@nig of responses is neither
corect nor “intuitive”), it was not reported in the main marrgpt.

Frontiers 11
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In a sports tournament, matches in each round were playagidteams against each other and only
the winner was able to proceed to the next round. It took & o6&l matches to determine the final
winner.

How many teams participated in this tournament?

1.4.8 Introductory attention and comprehension checks

Participants had to pass two of the three consecutive itbimsrs below in Figuré_S3, Figute 54, and
Figure[Sh. Note that only the third item is an IMC item, theesttwo items discriminate between US
participants and those spoofing their location.

How do you call the fruit shown above?

Tomata Aubergine
Brinjal Pineapple
Berenjena Berinjela
Eggplant Potato

Figure S3. Attention check item 1 in Study 3

12
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Please check all options that are NOT names of US states.

New York New Jersey
Idaho North Dakota
Morth Carolina New Wyoming
New Hampshire Maryland
North Montana New Mexico

Figure $4. Attention check item 2 in Study 3

This is a test of your actually reading the guestions. To pass this test,
answer the following question by entering the word bookbinder without
any capitalized letter in the field below, nothing else (no spaces). As you can see,

we are interested in certain reading habits.

What is your favorite book at the moment (including non-fiction)?

Figure S5. Attention check item 3 in Study 3

Frontiers
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2 SUPPLEMENTARY ANALYSES
2.1 Study1l

2.1.1 Log-Transformation of previous HITs and RTs

Figure[S6 shows an example of the distribution of the numbeHIds before and afteriog;0-
trasnformation. The transformed, but not th euntransfdrdistribution is approximately symmetric.

100% 10%
#HITs logio(#HITs)

90%
80%
70%
60%
50% 5%
40%
30%

20%

10%

— l

50Kk 200k 400k ¢500k0 1 2 3 4 ;5125

Figure S6. Distribution of reported number of previous HITs acrosstipgrants: the left panel shows
the untransformed numbers, the right panel the transformetbers . Large values were bundled into a
single category for the graphical presentation only.
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2.1.2 Extended results: Prior exposure to the CRT

Participants were also asked whether they had seen the sabiermp before, a similar problem before,
or neither the same nor a similar problem before. This qorstas specific to the problem encountered in
each of the four groups. The latter category is plotted dé@enon answer categories in Figlré S7, right
column . Some results cast the veracity of some participanssvers into doubt; pretending unfamiliarity
might be seen as a socially desirable response or a respg@isadximizes the chances of being eligible
for study participation_(Chandler and Paolacci, 2017). Téweegal pattern is still informative and yields
comparable results to the previous analyses.

Most people (69.3%) admitted to have seen the original prabbefore. More participants with
false, intuitive answers described the task as novel thaticipants with correct answerd (= 17.1%,
95% CT = [8.5%,25.2%]). Note that only roughly one in five correct participants leextountered the
problem for the first time.

Again, most people (64.1%) claimed to have seen the compiamevariant before. In contrast to the
original variant, unfamiliarity with the problem seemedcmnvey an advantage for the complementary
problem, at least for choosing the right focus object forrggponse. The variant was seen as novel by
28.7% of those who answered (incorrectly) with a price fertall, and by 43.2% of those who answered
with a price for the batd = 14.6%, 95% CI = [5.6%, 23.4%])@. Among participants focusing on the bat,
the correct response was given by participants who had segoroblem before at a higher rate (62.9%)
than by participants who had not (41.3%+= —21.6%, 95% C1 = [—34.9%, —7.1%]).

Virtually all participants (93.7%) who answered “5” in r@gse to the trivial variant indicated to have
seen the problem before as opposed to only 66.3% of the ipartiis answering correctlyl (= —27.3%,
95% CI = [-33.5%,—17.4%]). Finally, the transformed problem was regarded as unfarntly a lar-
ger proportion of participants (46.3%) than the originablgem (30.6%,d = —15.7%, 95% CI =
[—21.5%, —9.7%)]). Again, correct respondents were more familiar with thek {®2.3% familiarity) than
respondents with the intuitive answer (48.186= —14.1%, 95% CI = [—22.5%, —5.4%)]). The results
inMevyer et al. (2018) similarly showed that a larger peragetof participants who had encountered the
original CRT before (40%N = 1,610) solved the transformed question than of naive particp&8%,

N = 3,060 Mevyer et al., 2018, as presented in Table F).

These results simultaneously validate—in spite of somecerms expressed above—the familia-
rity question for measuring previous exposure, which hasnbsubject to some debate (see, e.g.,
Raoelison and De Neys, 2019).

2.1.3 Details about the Qualtrics Study

The sample was recruited in 2018 by Qualtrics.com, resttitd adult U.S. residents. The Qualtrics data
were collected in the context almoved for peer revidvand drawn from a panel of reportedly more than
5 million Americans, aiming for a representative samplecesning gender, age, and income. Participants
were compensated through Qualtric’s incentive scheme anbaéysis here is restricted to the CRT items,
response times for the CRT items, and demographic variaBiR¥$.data were collected for, = 1,238
participants. Participants were US Americans and on aeef&d® years old{D = 16.6 years), 55.9%
of them categorized themselves as female (44.1% as malenalles group of participantsyy = 221,

5 Here, it again seems implausible that participants valuiegotill and not the bat are indeed naive to the paradigm as doerif them claim (answers
valuing the bat are virtually non-existent in the originatiant).
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Figure S7. Relationship between response categories and responsentimber of HITs, and first-time
encounter in Study 1: Plots show average values of the bgstormed response time (left column),
the log-transformed number of previous HITs (middle colynamd the proportion of first-time solutions
(right column); each row contains three plots for one of the task variants (from top to bottom: original,
complementary, trivial, transformed); whiskers corraspto the 95% CI of the mean or proportion.

17.9%) successfully completed one attention check (AC)carsggroup f2 = 1,017) two checks. Both
groups are included in the analysis. Information about p@meire was not available.

Qualtrics participants responded to the original varidmie bat-and-ball problem only, followed by the
other two original CRT items, presented on separate pag#s r@sponse times collected for each item,
separately.

There was a significant difference between the larger gréyauicipants (82.1%) filtered with two
ACs and those that only passed o1, 1236) = 6.46, p = 0.01, partial n* = .005). The first group
reached an average score of .47 compared to a score of .3&feetond group. Regarding the bat-and-
ball problem, there was a significant difference betweeratger group of participants (82.1%) filtered
with two ACs and those that only passed of&1(, 1236) = 6.46, p = 0.01, partial n*> = .005). The
first group reached an average score of .47 compared to aaicd® for the second group. Regarding
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the bat-and-ball problem, 9.1% of participants with a ss/§C and 12.3% of participants with two ACs
solved the item correctly.

2.1.4 Bat-and ball answers, gender and household income

A(Percentage male), correct vs. false
40

30

20 A

10

—10 4

—20

I I I I I
RASLTE! CopRLTe TR TURG" e

Figure S8. 95% Cls for the difference in proportion of male participamesween respondents who solve
each of the four task variants and those who do not; positieeg indicate a higher proportion of male
participants among those who solve the task. Differencel@itsdo not overlap zero indicate significant
differences (two-sided). Results for the original variarg shown both for the MTurk sample and the
Qualtrics sample.

Neither Study 1 nor the Qualtrics data featured measurésdhdd be considered directly relevant for
estimating the potential attenuation of validity. At thensatime, gender has been observed to be strongly
correlated with solving the original task (with more maletjggpants solving the task) This allows for a
comparison of the four item variants in Study 1 with the araiitem in the Qualtrics dataset in terms of
differential solution rates for male and female patrticiggan

The relationship between success in solving each of thetésilis and gender is shown in FidureS8. A
gender effect (higher success rates for male participavds)observed for the original task, but only a
reduced effect for the complementary task and no effecttferttivial task. Crucially, the difference in
success rates for the transformed variant(—22.5%, 95% C1 = [—30.2%, —14.4%]) was about twice
the size of the difference for the original € —11.6%, 95% CT = [—20.6%, —2.5%]). For the Qualtrics
sample, the effect for the original item & —21.9%, 95% C1 = [—29.9%, —13.3%)) is similar to the
effect for the transformed item on MTurk, and distinctlygar than the effect for the original item on
MTurk.

It might be argued that the relationship between gender andg&ormance can hardly be the most
essential property, but this would still constitute a dépancy from earlier findings establishing a strong
and robust gender component (see, €.g., Cueva et alJ, 20dderteak, 2005). Researchers consistently
reported gender differences in the same direction: Scareméle participants were higher than those
of female participants (Campitelli and Labollita, 2010; Catelb and Gerrans, 2014; Cueva et al., 2016;
Toplak et al., 2014). Summed over three items, FredericR§Peported scores of 1.47 and 1.03 for male
and female participants, respectively (with two thirdsha high-scoring participants male and two thirds
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A(Household incomein $1,000), correct vs. false
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Figure S9. 95% Cls for the difference in average household income (if0@Lbetween respondents who
solve each of the four task variants and those who do nottip®salues indicate a higher average income
among those who solve the task.

of the low-scoring participants female). For the bat-aafl-problem, Bréias-Garza et al. (2015) found
about a 12 percent gender difference in producing the dosressver in their meta-analysis (38% for male
vs. 26% for female participants, estimated from Figlﬁ,e/\ﬂth over 38,000 observations from 118 studies
between 2005 and 2014), and larger differences for the ¢tfeequestions. Based on this comparison,
the observed difference for the original item does not seebetdiminished.

An analysis conducted before collecting the data for tgdtie CRTt found another difference between
the different item version regarding the reported houskthmome (see Figuide §9). Household income
served as an imperfect measure of economic success in tifeas measured on a 10-point stBased
on interval midpoints, participants reported a mean honisehcome of $52.2k§ D = $40.1k). A (non-
significant) difference of nearly $5,000 was observed betwgarticipants solving the original task, no
difference for the complementary task, and a (non-sigmifjcdifference in the opposite direction for
the trivial task. Similar to the reported gender differes)ahe difference for the transformed task=£
10.13K, 95% C1 = [2.96K,17.30K]) was three times as high as that for the original task=(2.81K,
95% CT = [—4.46K,10.09K]), for which the confidence interval overlaps zraAnaIyzing household
income data for Study 2, | found that neither test score wediptive of household income.

6 11.3%, based on the regression coefficient in Table 1

7 Intervals were: (1) [$0k, $5k[, (2) [$5k,$10K], (3) [$10RSK], (4) [$20k,$30K], (5) [$30k,$40K[, (6) [$40k,$50K[7)([$50k,$75K], (8) [$75k,$100K], (9)
[$100k,$150Kk[ , (10)>$150k, responses were coded as interval midpoints, and afdi7the highest bracket (3.2% of the sample).

8 Note that | did not observe an effect of gender on househaldnire. The main effect of solving the transformed variant wasifiignt, when gender
was added as a factoF'(1,533) = 7.30, p = 0.007, partial n> = .013), which was not true for the main effect of solving the staddeariant
(F(1,440) = 0.73, p = .39, partial n? = .002)
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2.1.5 CRT performance and attention checks

Should attention checks be used for CRT studies?. As a reviewer pointed out during the review
process, all studies in the manuscript employ filters basedttention check. Partcipants who fail a
certain number of consecutive attention checks at the hegjrare not allowed to enter the studies (they
are asked to return the HIT). One can make arguments for aaadsighe notion that this constitutes a
problem for the interpretation of the observed results.

On the negative side, it can be argued that CRT items and mtamtiah checks, such as typical instru-
ctional manipulation checks (Oppenheimer etlal., 2009 reslsome structural features: The seemingly
obvious answer is invalidated by careful analysis. HausdrSchwarz|(2015) provides evidence that
IMCs go beyond measuring attention, but can act as intexm@nthat can change subsequent response pat-
terns. Thus, studies using IMCs might both select out a ratestgb-population and—in addition—change
the behavior of the remaining participants.

There is certainly merit to this argument, but there arengtreeasons for using attention checks on
MTurk, especially in the form employed in these studies. ©eetral issue in interpreting the failure
of correctly responding to attention checks is the diffeeebetween ability , attention, and motivation.
Inattentive participants cannot be easily distinguishredhfthose who lack motivation or try to satisfice
(Krosnick,[1991), nor can they be distinguished from thoke @o not have the necessary ability level to
pass the test. Those participants include participantsowttthe required level of language competence.
All three groups might try to enter HITs in varying proporigy and their inclusion has a number of
negative consequences for data quality, sometimes inisingdirections. Specifically, for studies using
ability measures rather than scaled questionnaire itemssjnlikely that these participants will solve these
items (depending on the type of item, this might be less tou@he or two of the groups). It is therefore
likely that participants will fail to solve multiple item$nstead of increasing the noise in measurement,
this can easily result in an increase of internal consisteneasures, correlations between ability scales
(e.g., CRT with numeracy), etc. Further, it is not exactlyaclerhat is learned by an analysis of these
problematic group, unless a range of other measures is aseertify its composition.

While this, in principle, might constitute an interestingject for future research, there are platform
dynamics to consider that make this group a moving targeecémt development illustrates the perils in
this approach. While Peer et al. (2014) advocated to replaeet@an checks by reputation filters, a series
of events during the summer of 2018 changed the attitudesof/mequesters on MTurk. After an initial
concern about “bots” filling in surveys, later accounts tifeed the source of these questionable answers
as Turkers (many located in Venezuela Kennedy ket al.,|2qd®)fsg their location and masquerading as
US residents. Many of these participants gave seeminghjormranswers due to language problems. As
seen in Study 3, which was conducted a few months after tlgscmultiple checks were added to the
survey in addition to VPN-checks that turned out to be esslentpreventing the participation of several
hundred Turkers who were identified as problematic basedoatibn or language skill. Even more
disconcerting, the pattern of attempts to enter the HIT almdethe clustering of respondents: Multiple
similar responses were given by Turkers with different MKTUDs that were seemingly distributed across
the US. Based on the analysis of data from previous studiganitot be excluded that up to 40 participants
in clusters are non-independent, either one person witbsgado multiple MTurk IDs (these seem to be
traded at least in some forums) or multiple persons acting @mmunicating group. Accepting these
“participants” into HITs and paying them for their perforncg might inadvertently support a business
model that could threaten the viability of the platform. Shbased on the arguments above and recent
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developments, it is somewhat unclear what could be learr@d &in analysis of CRT answers from
participants who fail attention checks.

Attention checksin Study 1.  Nonetheless, the data from Study 1 allows to make some steps i
this direction. Note that Study 1—conducted before thesistidescribed above—used two consecutive
attention check (described above). Participants whoddhe first check were informed about this fact
during the second check and only participants who failedh lobiecks were advised to return the HIT
(they were also given a code containing the word “fail” wilte texplicit instruction not to submit the
code. Only participants who submitted this code had to lextefl. Based on submission comments, this
group included several participants with severe deficiinglish. Further, as described in the manuscript,
a part of the sample was not filtered with attention checkss €reated a setup that allows to test the
relationship between panel tenure,.attention check peeoce, and CRT results. There was one group
without attention checkc, one group who failed the firstratten check (and passed a second check), and
a third group that passed the first attention check. All gsoupre randomly assigned to conditions.

Panel tenure and attention checks. Table[S4 cross-tabulates panel tenure and AC group member-
ship. Failure rate is calculated as the proportion of pigiats who failed the first AC among those who
completed one of the two intial ACs (participants who failetbACs did not reach the CRT question).

Table S4. Panel tenure and AC performance

No AC AC passed AC failed Failure rate

Tenure n perc n perc n perc perc

-99 Hits 133 17.1 51 4.8 9 7.2 15.0

100-999 Hits 289 37.1 382 36 66 52.8 14.7

1k-9,999 Hits 239 30.6 432 40.7 38 304 8.1

10k-99,999 Hits 106 13.6 174 16.4 11 8.8 5.9
>=100k Hits 13 1.7 22 21 1 0.8 4.3

Total 780 100 1,061 100 125 100 10.5

Failure rates consistently decrease with panel tenure ftb#6 for the most ineperienced group to
4.3% for the most experienced group. This resulted in diffeicompositions of the two groups with
AC questions: Most of the participants (about 60%) who thailee first AC had fewer than 1,000 HITs,

whereas most participants (also around 60%) in the grouppaiseed the first test had more than 1,000
HITs.

In the group without ACs, most percentages were in betweetwith®ther groups, with the exception
of the most inexperienced group. This group was relativelr-oepresented in the group without ACs.
This could in theory be due to a higher rate of failures in b&@s for inexperienced participants, but it
could also be due to variations in the participant poputataring different days of the data collection
(the assignment to experimental conditions was randomozedach day, but the group without ACs
participated at a different time than the other groups.

Attention check performance and responses to item variants. Table[Sh lists the number of
respondents of a given type in each of the three AC groups|iftour item variants in Study 1.

Failure rates are higher for participants that give ingeitiesponses than for participants with correct
responses. Participants without ACs showed a proportioroiwect responses between the proportions
of the two other groups for the standard, complementary,tergformed item variants. For the trivial
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Table S5. Item response categories and AC performance for all paatitgpin Study 1: Each row lists the number of respondents ih gemup (with
percentages relative to AC groups). The notation “(O)”refe responses that were correct or intuitive for the ogbguestion.

No AC AC passed AC failed Failure rate
Item Response n perc n perc n perc perc
Standard correct 68 38.4 120 48.4 11 344 8.4
intuitive 104 58.8 118 47.6 21 65.6 15.1
other 5 28 10 4 0O O 0
total 177 100 248 100 32 100 11.4
Trivial correct 151 84.4 219 82.3 21 65.6 8.8
correct (O) 22 12.3 39 14.7 11 344 22.0
other 6 34 8 3 0O O 0
total 179 100 266 100 32 100 10.7
Complementary correct 44 21.9 51 20.2 4 154 7.3
intuitive 38 18.9 44 17.5 4 154 8.3
correct (O) 36 17.9 49 194 2 1.7 3.9
intuitive (O) 71 35.3 100 39.7 14 53.8 12.3
other 12 6 8 3.2 2 1.7 20.0
total 201 100 252 100 26 100 9.4
Transformed correct 75 33.6 117 39.7 12 30.8 9.3
intuitive 136 61 160 54.2 26 66.7 14.0
other 12 54 18 6.1 1 26 5.3
total 223 100 295 100 39 100 11.7

variant, participants without ACs had a slightly higher rafecorrect responses, reflecting the higher

number of inepxerienced participants in this group.
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Results for experienced participants.  Table[S6 presents the same information as Table S5, but
restricted to participants who reported at least 10,0@@itife HITs. As thewre were only 12 participants
in this category who failed the first AC, failure rates canrmebtimated with satisfactory precision. While
there are clear perforemance differences between the groitip and without ACs for the standard item,
the pattern of results is less clear for other item variants.

Table S6. Item response categories and AC performance for experigrangidipants (10,000 self-reported HITs and more) in Studidch row lists the
number of respondents in each group (with percentagesveetatiAC groups). The notation “(O)” refers to responses tate correct or intuitive for the
original question.

No AC AC passed AC failed Failure rate
Item Response n perc n perc n perc perc
Standard correct 14 48.3 32 64 2 66.7 5.9
intuitive 15 51.7 17 34 1 333 5.6
other 0O O 1 2 0 0 0
total 29 100 50 100 3 100 5.7
Trivial correct 23 67.6 31 585 3 100 8.8
correct(O) 11 324 18 34 0 0 0
other 0O O 4 75 0 0 0
total 34 100 53 100 3 100 5.4
Complementary correct 3 115 12 30.8 2 100 14.3
intuitive 2 1.7 3 7.7 0 0 0
correct(O) 12 46.2 12 30.8 0 0 0
intuitive (O) 8 30.8 11 282 0 0 0
other 1 3.8 1 26 0 0 0
total 26 100 39 100 2 100 4.9
Transformed correct 10 37 20 38.5 1 16.7 4.8
intuitive 16 59.3 29 558 5 833 14.7
other 1 37 3 58 0 0 0
total 27 100 52 100 6 100 10.3

In summary, these results confirm the relationship betwaecessful attention checks and cRT perfor-
mance. Given the concerns discussed at the beginning afubiection, a potential recommendation for
future CRT research should be to use attention checks with &me researchers might prefer to use
ACs as control variables, while keeping all participantshieit samples. At the same time, this can lead
into conflicts with gaols of maintaining the quality of therp@pant pool, discouraging survey satisficing,
and efficiency. At the very least, due to current platformaityicts, the simulataneous presentation of
filtered and unfiltered results would be indicated.

2.2 Study 2
2.2.1 Response times and response categories

The consideration of response types, allows for an itemyarsaparallel to the one in Study 1 for the
CRT and CRTt (see Figure S10). Again, data for the Qualtricptamere added as a reference point.

For all items of the CRT, the correct response was given falster the intuitive response, while the
opposite was true for the CRTt items and the CRT items on Qeslttiifferences for the second and third
CRTt item were smaller than those observed for the respeC®RE items on Qualtrics, though. Differe-
nces in response times on MTurk between the variants wegerléor correct responses than for intuitive
responses. Responses on Qualtrics were much slower on exbeagon MTurk, for all categories.
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Figure S10. Relationship between response categories and response Bhely 2: Plots shows average
values of the log-transformed response time for the thesast(rows) in their original version (CRT, left
column) and transformed variant (CRTt, right column); wieiskcorrespond to the 95% CI of the mean
or proportion.

The observed differences were consistent with a fam#iadicount: Participants who remembered the
correct (or incorrect) answer were faster than those whaalidMore participants on MTurk were familiar
with the original items. After transformation, solutiorejuired taking into account the changed numbers.
The calculations necessary for the correct answer took up timoe than identifying the intuitive solution.

In contrast, Qualtrics participants seemed to go throughuh process of making sense of the problem
structure before starting their calculations.
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Figure S11. Change in answer patterns in Study 2 from CRT to CRTt: each bargmonds to one of
the eight possible answer pattern defined by a three-dige based on correct (1) and false (0) responses
to the three items. Arrows connect the patterns for CRT and @&t point), arrow width corresponds
to the number of participants sharing the connection (oaptare suppressed below 5). Boxes contain the
sample sizes for CRTt score patterns and changes from thdesaings for the CRT score.

2.2.2 Individual-level relationship between test scores

When treating responses as either correct or false, themgrepossible answer patterns for each test.
FigurelS1l summarizes the individual relationship betwberiwo individual response patterns, by con-
necting CRT and CRTt responses. The high correlation betweeb tests was mainly produced by two
relatively large groups with extreme values, those answeall six items correctly and those answering
none of the items correctly (these groups together cotetitnearly half of the sample). Second, there
are few changes towards better scores in the CRTt.

2.3 Study 3
2.3.1 Results for equivalent items

Figure[SIP shows the results for equivalent variants inys8id/ariants of item 1 are presented in one
diagram with the results for the original item 1, and likesvier variants of item 2. For item 1, correct and
intuitive responses were given with similar frequency. ta transformed variants, intuitive responses
were slightly more frequent, while correct responses wess frequent . This is most pronounced for the
variant with transformations of both story and numbers. fE@sponse times for correct solutions similarly
increased with distance from the original variant, with trensformation of numbers having a larger
effect on response times than the change of storyline.tiveuiesponses were only slightly slower for
transformed items. The gap in panel tenure for participaitts correct and intuitive responses was most
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pronounced for the original item and virtually non-exigtéar the doubly transformed item. The pattern
for first-time exposure was consistent with the patterndoute.

The analysis for item 2 demonstrates that the chosen tnanafmn made the item less difficult. This
Is most likely due to the deviation from the transformatiofes established for Study 2. The constant
ratio between the two number for production and time unimealdid not suffice to elicit the intuitive
response of transforming the production units. In otherdspthe attempted strategy for increasing the
gap between correct and intuitive responses for item 2 backfiOn the other hand, consistent with
expectations the social media versions of the item werdtbjignore difficult than the items using the
original storyline. While transformed items were less difficthey took participants a longer time to solve
than the original item, both for correct and intuitive respes. Intuitive responses were not given faster
than correct responses. As for item 1, the observed gap iel pamure for participants with correct and
intuitive responses was smaller after transformatiomoaigh this effect was restricted to the numerical
transformation.

Comparing the results in Study 2 and Study 3, transformasansessfully shifted the results for item
1 in the opposite direction of the practice effect assodiatéh panel tenure. In both studies, transfor-
mations were less successful for item 2, the difficulty waandewered after using transformations that
deviated from the rules specified in the SM.

Independent of the chosen item set, participants were @kgdhabout prior exposure to the original
item in contrast to Study 1. Figure §12 includes the resaltpfior exposure, which are in line with the
results for panel tenure.

2.3.2 Results for non-equivalent variants in Study 3

Figure[S1B shows the results for non-equivalent variamg tlae original two items for benchmarking).
For item 1, the increase in the number of balls remained segynunnoticed by the majority of parti-
cipants who answered with correct and intuitive respongeshe original problem. Conforming to the
theory that superficial similarities can hinder performgnifie change in storyline made this confusion
less likely. The reduction in original responses was mooapunced for participants with correct answers
(“5” was answered less frequently, “2” was answered morgqueatly for A4 than for B4). In terms of
response times, original responses were given faster tiggned responses with little differences between
correct and intuitive responses. Changing the storylinéd@dpronounced increase in response times. The
gap for correct and intuitive respondents in panel tenuréhioriginal item was replicated for misaligned
original responses in both variants. Participants who géigeed responses had a lower HIT average than
participants who gave the respective mismatched respoAgai, the proportions of first-time respon-
dents (regarding the bat-and-ball problem) were condistgh the pattern found for panel tenure (taking
into account that first-time exposure becomes more unlikétly increased panel tenure).

For item 2, participants who responded with an unchangedoeumf production units were coded as
giving the correct solution to the original problem. Up ta@% of participants (WI) chose this answer,
again at lower frequencies after transformation of theysitee. The inverse items (WI, SI) were more
likely to evoke this response than WQ and SQ. As the principietfe intuitive response did not change
for these four variants, the frequency of intuitive respsnwas at similar levels for the variants as for the
original (with an increase for the inverse variants). As asamuence, the frequency of correct responses
was lower for the variants than for the original. As for thstfitem, the change in storyline led to a relati-
vely higher rate of correct responses (but the difference smaaller fore the second item). The groups of
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Figure S12. Results for item 1 and its three equivalent variants (le#)sahd for item 2 and its three equi-

valent variants (right side) in Study 3. Subfigures show ttope@rtion of intuitive and correct responses

(top row), average logarithmized response times for resptoypes (second row), average logarithmized
number of HITs (third row), and average proportion of fiigté encounters with the ball-and-bat problem
for each response type (bottom row). Bars represent 95%-€pgdportions and means, respectively.

participants with mismatched responses to the originddlpro gave these response much faster than oth-
ers, indicating the use of memorized solution strategibgywere also characterized by a longer panel
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tenure and smaller proportions of first-time exposure. @baraswers took more time than intuitive answ-
ers for the variants, especially for the two inverse vasaRanel tenure was similar, first-time exposure
slightly lower for correct respondents.
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Figure S13. Results for item 1 and its two non-equivalent variants (lefesand for item 2 and its four
non-equivalent variants (right side) in Study 3. Responss® wategorized as correct or intuitive for the
presented item or—for variants—also as correct (in termsushber or applied principle) or intuitive
for the original item. Subfigures show the proportion of msge types (top row), average logarithmized
response times for response types (second row), averagethogized number of HITs (third row), and
average proportion of first-time encounters with the batl-hat problem for each response type (bottom
row). Bars represent 95%-Cls for proportions and means, cagel.
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2.3.3 Extended Results for novel items: prior exposure

Figure[S1# includes the results for prior exposure, whigiairg are in line with the results for panel
tenure.
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Figure S14. Results for item 1 and the three novel items in Study 3. Sul#gyshow the proportion
of intuitive and correct responses (top left), average ritlgaized response times for response types
(top right), average logarithmized number of HITs (bottaeft)] and average proportion of first-time
encounters with the ball-and-bat problem for each resptypee(bottom right). Bars represent 95%-Cls
for proportions and means, respectively.

Item N3 was not analyzed in the main manuscript, as it doesomititute a lure item. The item was
potentially too difficult, as most responses fell into thevvomded category. Similar to the other novel
items, N3 took participants much longer to answer irrespecaif answer type, with correct answers
taking the longest. In contrast to the other items, thereewergaps in panel tenure for N3.

2.3.4 Extended validity tables for Study 3

Extended Table $7 presents proportions and differencempopions for respondents with correct and
false solutions for each item in Study 3. Gender differeneeawelatively larger for AT, but not for BT
(with a smaller sample size than in Study 1, as evidenced &\sitte of the CI). Average differences
regarding the AC error were higher for the transformed vasidor both items (again, with the exception
of BT).

Extended Tablé_$8 presents means and mean differences sed®/and CRT-score for respondents
with correct and false solutions for each item in Study 3. dliference regarding the EV-scale tended
to be larger for all transformed equivalent items (with camgble levels for AO and ST). B4 shows
a different pattern from the other items, as means are hifgitgparticipants with incorrect solutions.
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Table S7. Relative number of male participants and attention check®rRroportions, differences in proportion and Cls forefiénces in proportions split
by correct and false solutions for each of the item variamStudy 3

Gender AC Error
Pinc DPcor A CIA Pinc Pcor A CIA

CRT1 47.1% 60.5% 13.4% [7.2%; 19.4%)] 156% 8.4% -7.3% [-11.32%]
AO 50.0% 62.8% 12.8% [-1.4%;26.1%] 15.3% 6.4% -8.8% [-17.29%6%)]
BT 59.8% 725% 12.7% [-0.8%;25.0%]  13.9% 12.5% -1.4% [-%0.6.9%]
AT 493% 70.1% 20.9% [6.5%; 33.5%)] 15.2% 6.0% -9.2% [-17.09%%]
B4 42.6% 50.0% 7.4% [-10.2%; 24.9%] 14.2% 59% -8.3% [-15.3%%]
A4 46.2% 45.8% -0.4% [-14.3%; 13.7%] 129% 9.7% -3.2% [-94;.5%]
CRT2 41.3% 60.9% 19.6% [12.5%;26.5%] 14.0% 9.7% -4.4% [-9.0.%%]
SO 493% 73.1% 23.8% [7.6%; 38.2%)] 19.2% 7.5% -11.7% [-2392%40
WT 585% 71.7% 13.2% [-3.5%; 30.3%)] 195% 11.1% -8.4% [-28.3.7%]
ST 40.4% 52.2% 11.7% [-5.7%; 27.9%] 21.3% 13.0% -8.2% [-229%B0]
WQ 482% 62.3% 14.1% [-3.1%; 29.8%)] 9.6% 11.3% 1.7% [-8.5%:9%]
SQ 45.6% 57.6% 12.1% [-4.7%; 27.8%)] 7.6% 10.2%  2.6% [-7.1%8%}
WI 41.6% 66.7% 25.1%  [6.1%;41.1%] 21.8% 2.8% -19.0% [-28.3B&%]
SI 38.1% 69.0% 30.9% [12.8%; 45.8%)] 124% 48% -7.6% [-16.8%%]
N1 48.8% 56.0% 7.3% [-4.7%; 18.8%] 11.0% 8.8% -2.2% [-8.49%%4
N2 52.0% 78.6% 26.6% [-5.8%; 44.4%)] 14.4% 14.3% -0.1% [-9.I%5%]
N3 49.0% 77.5% 28.4% [15.9%;38.6%]  14.2% 4.2% -10.0% [%5.8.6%]

These results partially replicated the findings in Study & thansformations can be beneficial for the
validity of the CRT as predictor, although the relatively dnsample sizes for variants did not allow
for a definitive determination. Note that respondents wdhrect and incorrect answers to N3 differed
markedly in EV-scale values, CRT values, gender, and AC &rror

Table S8. EV-scale scores and performance on original items: Means, di#farences and Cls for the mean difference split by corradtfalse solutions
for each of the item variants in Study 3.

EV-scale CRT (1+2)
Mine Meor A CIA Mine Meor A CIA

CRT1 149 197 0.48 [0.36;0.59] 0.33 1.79 1.47 [1.40;1.53]
AO 155 199 044 [0.17;0.70] 0.62 182 120 [1.02;1.39]
BT 1.45 2.03 0.58 [0.32;0.83] 0.38 1.80 1.42 [1.26;1.58]
AT 163 214 0.51 [0.24;0.78] 0.65 180 1.15 [0.96;1.34]
B4 175 1.62 -0.13 [-0.53;0.27] 0.90 0.81 -0.09 [-0.48;0.3]
A4 163 1.70 0.07 [-0.22;0.37] 0.82 1.34 0.52 [0.25;0.78]

CRT2 151 1.88 0.37 [0.23;0.50] 0.20 1.67 1.46 [1.40;1.53]
SO 144 196 051 [0.19;0.83] 0.30 170 1.40 [1.21;1.59]
WT 139 204 0.65 [0.33;0.97] 029 149 120 [0.96;1.45]
ST 153 1.88 0.35 [0.02;0.67] 0.40 115 0.75 [0.45;1.05]
WQ 164 181 0.17 [-0.18;0.52] 0.80 1.21 0.40 [0.05;0.75]
SQ 141 200 0.59 [0.25;0.94] 0.89 1.17 0.28 [-0.04;0.60]
Wl 152 197 0.45 [0.06;0.84] 0.69 163 0.94 [0.63;1.24]
SI 163 198 0.35 [0.04;0.66] 0.83 142 0.60 [0.26;0.94]
N1 1.62 179 0.17 [-0.06;0.41] 0.88 151 0.62 [0.40;0.84]
N2 171 2.00 0.29 [-0.06;0.64] 0.92 186 0.95 [0.72;1.18]
N3 162 221 0.59 [0.36;0.83] 0.77 145 0.68 [0.44;0.92]
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2.3.5 Extended Confusion matrices

Figure[SIb shows the full range of confusion matrices in $®idncluding the ones presented in the
manuscript.

lAOO 1BTO lATO 1 12 0
_1[a0]12] _1[39]5 _1[31]16 _1[36]9
—0| 0|48 —0|1]55 —0| 2|51 —0(18] 37

n = 196 n = 201 n = 202 n =751

1800 1WT0 lSTO
~1[45] 4] 1[60[6] ~1[47][5
—0| 0|51 —0(11]24 —0(19] 29

n = 104 n =104 n = 103

1B40 1A4O
ale34] _a[27]23
—0(11]49 —0| 8|41

n = 203 n = 201

lWIO 1SI 0 ZIYVQO lSQO
12323 112528 112627 12728
—0| 4|51 —0| 7|39 —0(13|34 —0(19]| 25

n = 102 n = 102 n = 100 n = 102

1Nl0 1N2O lN30
_Af19]29] _a[7]40] _1[14]30
—0| 8|44 —0|1]52 —0| 7 |48

n = 337 n = 334 n = 332

1N10 1N20 1N3O
~1[20[37]  ~1[8[46] ~1[16]34
—0| 6|38 —0| 0|46 ~0|5 |45

n = 255 n = 252 n = 244

Figure S15. Cross-tabulation (including non-equivalent items) of eotrand false responses for original
items and variants (showing rounded percentages) in Stublg@ovements from original to variant are
captured in the lower left corner (in blue), worse perforoeim the upper right corner (in red).
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2.3.6 Alternate Confusion matrices

Figure[S16 shows alternative co-occurrence matrices tahy&. In each matrix, scores for item variants
are cross-tabulated with the score on the original item wes not the source for the variant. As the
solution rates for bat-ball items is generally lower as Fa wicket-production items, many variants of 12
show improvements compared to 11, while variants of 11 aheegbat a lower rate than 12. Nonetheless,
for each item pair between 50% and 65% have the same scordloiéns.

1AOO 1BTO lATO
~1[33[27]  ~1[33[18] 1[26]31
—0| 7|33 —0| 7|42 —0| 5|37
n =144 n = 150 n = 155
lSOO 1WTO 1ST0
—1134[12 l147] 4 1134] 7
—0(14]40 —0(24|25 —0(32]27
n =139 n = 140 n = 138
1B4O 1A4O
187141  ~1[20]30
—0|9 |41 —0(13]|37
n = 152 n =152
lWIO 1SI 0 JYV lSQO
_1[20]28] _af20[27] _1[22[22] _i[26][23
—0| 7 |45 —0(10| 42 —0(17]39 —0(17|34
n =137 n = 139 n = 136 n = 138

Figure S16. Alternative co-occurence matrices for item solutions indyt3: Each matrix tabulates the
rounded percentage of cases with each possible combiratitam scores for one item pair.

2.3.7 Memorization strategies and performance

As noted in the manuscript, participants who indicated thayy had memorized the answer to the
bat-and-ball problem performed slightly better on the pgobthan those who indicated that they had
memorized the procedure of calculating the answer (63% §$%; d,—, = 6.4%; 95% CI=[-2.2%,
14.7%]). Both groups performed better than participants tdmb memorized neither (27.5%). This does
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not answer the question, though, how the performance oétgesups would generalize to novel items
and variants of the problem.

Obviously, participants with each type of memorizatioatsgy cannot be considered as a homogeneous
group. Those participants who gave the correct and thosgalva the intuitive answer to the bat-and-ball
problem will have memorized different answers and procesiuFherefore, to estimate the generalizability
of their performance, the sample was split by memorizagsponse and answer to the original item. The
performance of these subgroups for relevant other itemsudyS3 is shown in Table_$9. Note that due
the studfy design, participants only answered a subsetioisit

Table S9. Performance for alternative items based on response for thanlaball problem and self-reported memorization strategihe sample is restricted
to participants who indicated that they had seen the batsafigproblem before.

bat-and-ball (11) correct bat-and-ball (11) intuitive
answer procedure none answer procedure none
Item Response N perc N perc N perc N perc N perc N perc
AO  correct 20 80 39 79.6 1 50 0O O 0O O 0O O
intuitive 5 20 8 16.3 1 50 100 33 100 7 100
other 0 O 2 4.1 0O O 0O O 0O O
BT  correct 18 783 35 97.2 3 750 0 2 53 0O O
intuitive 4 17.4 0O O 1

4 10
0O O
0
1 25 12 100 36 94.7 11 917
other 1 43 1 28 0O O 0O O O O 1 83
0
9 81
2 18

AT  correct 10 55.6 37 64.9 2 100 0 1 29 0O O
intuitive 8 444 11 193 0O O 81.8 32 941 10 100
other 0O O 9 158 0O O 18.2 1 29 0O O

N1  correct 8 242 38 452 2 25 2 111 12 203 2 125
intuitive 19 57.6 36 429 4 50 15 83.3 33 55.9 11 68.8
other 6 18.2 10 11.9 2 25 1 56 14 23.7 3 18.38

N2  correct 4 10.3 15 20 0O O 1 36 0O O 1 6.7
intuitve 31 79.5 48 64 3 100 24 85.7 41 85.4 10 66.7
other 4 10.3 12 16 0O O 3 10.7 7 146 4 26.7

N3  correct 9 214 26 35.6 2 286 2 154 4 63 2 25
(intuitve) 4 9.5 20 274 1 143 6 46.2 24 381 2 25
other 29 69 27 37 4 57.1 5 385 35 55.6 4 50

Analyzing these results, | focus on correct solution raisvben groups. It is evident at first glance,
that participants who did not solve the original item, parfanuch worse on all item variants presented
in the Table (consistent with the results presented abdve).subgroups of participants who answered
the original item correctly, but had no memorization sggtare very small and difficult to interpet. A

relevant comparison can be amde between participants whwneed (the correct) answer and the (most
likely) correct procedure.

Both groups perform similar regarding item A@,(, = 0.4%; 95% CI=[-20.7%, 17.7%]): When only
the item text changes, both answers and procedures remanRar both transformed items BT and AT,
the group that memorized the procedure performed bettarttigagroup that memorized the answer. This
difference is more pronounced for the transformed origieah BT (d,—, = —19.0%; 95% CI=[-39.3%,
-2.4%]) than for the item with novel item texd{_, = —9, 4%; 95% CI=[-33.8%, 14.4%)]).

Similar differences exist for the three novel items. Pg#ots who memorized procedures outperfor-
med the group who memorized the answer in responses to thedirsl item N1 ¢,—, = —20.1%; 95%
Cl=[-36.6%, -1.4%]) and to a lower degree in responses to N2dN, = —9.7%; 95% CI=[-21.9%,
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5.5%]) and to the non-lure item N3, = —14.2%; 95% CI=[-29.2%, 3.4%)]). Thus across items, the
pattern is consistent, showing an advantage for partitspaho memorized the procedure. In this sense,
the comparison of responses to the original item yields eoriect representation of the relative strengths.

Regarding items not shown in the Table and less relevant éoctmparison, the group memorizing
answers performed slightly better regarding item A4 and B@ $lightly worse for B4 and WQ)worse
for SI, WI, and SO and similarly for WT and ST.

2.4 Classification of open answers in Study 3

Responses to the open questions were coded using the casigorscheme shown in Talile $10. Cate-
gories were non-exclusive. Talile $11 shows the proporticenswers falling into categories split by
self-reported previous exposure to the bat-and-ball iteimally, Tabld SIP lists the solution rates for par-
ticipants with and without previous exposure whose resgongre coded into each category (participants
can be analyzed in more than one category).

Some direct quotes from answers by repeat participants reiytd flesh out some of the categories.
Participants who felt the questions were overused callethttirectly this or a “boiler plate question”,
“outdated”, “recycled”, “too prevalent”, a “cliche questi”, “largely useless”, a “daily question” or “a
waste of time” (see the SM for a list of statements in contekthumber of them expressed the explicit
wish to see new or updated questions. Many expected to bd #skéhird item of the CRT: “you haven’t
asked me about lilypads yet but | assume that’s coming”. Ssurbgective theories about the scale coinci-
ded with the measured construct, others moved to inteltigamd one participant thought the items could
“determine one’s belief in God”. Some participants destilhow they discovered the correct solution
after several failed attempts on earlier HITs. Some adahitbelooking the solutions up at some point
(“Since then, | have known the answer to the question”); rstlstated that they were never motivated
enough to do so. There were single instances of participladsairing that feedback after a HIT led them
to the correct answer, one person worked through the problgimher daughter, another single partici-
pants admitted to knowing the correct answer without haging idea why it was correct (“i know the
answer is 5 but no idea how it is that number”). A few partiasaopenly worried that memorization
could decrease the utility of the test and recommended ahgutige question. These open answers are
instructive as they help to identify both sources of annogafor frequent participants and test-taking
strategies that undercut researchers’ intertlion.

2.4.1 Exemplary Answers: First time
[All statements are presented as typed.

1. It's a tricky one because your brain just wants to go withéhsy answer, you have to backup and make sure
your logic is correct.

They were all very simple and required almost no thought.
The bat and ball seemed simplistic so maybe I'm missing gunge
| don't really have an opinion about the question. It isetfyreasy word problem.

a > w DN

Pretty simple arithmetic, shouldn’t require a search lol

9 A nice example is a reference to the attention check propaE@bpenheimer et al. (2009). A participant explained thattduge frequent reuse of the
original question, most Turkers might have adapted to it: “8@rsas you see the word vacuum you know it's an attention ctgeldoes that really check
your attention?’. Milland| (2015) notes that some Turkershresvser add-ons to highlight words used in attention checks
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Table S10. Categorization scheme for open answers in Study 3

Type Category Description
1. Incorrect beliefs 1.1 Attention check Participant bediethat task is an attention check.
1.2 Puzzlement Participant wonders why a simple task ispted.
1.3 Simple Problem (error) Participant describes the tasiraple
(and misses the trick).
1.4 Simple Problem (unclear) Participant describes tHedasimple

(and might have missed the trick).
2. Correct Understanding 2.1 Explanation of correct answiarticipants explains how the correct solution is caledat

2.2 Other CRT items Participant lists at least one other G&T.i
2.3 Similar to tasks in the HIT Participant points out simitlas between bat-and-ball
item and variants.
2.4 Suspects Trick Participants suspects trick, but is blet @ identify it
2.5 Explains Trick Participant explains why many particisawill
give a wrong answer.
2.6 Second thought Participant declares the item to beyteokl to
require thought.

3. Preference 3.1 Like Participant likes question (andfailar questions).
3.2 Dislike Participant dislikes question (and/or simgaiestions).
3.3 Neutral Participant expresses to feel neutral aboujulestion.

4. Other 4.1 Discovered solution Participant explains Hosvdolution was discovered

(with foreign help).

4.2. Overused question Participant expresses that thé@uesasked
too often on Mturk.

4.3 Unrealistic Participant complains about chosen number
plausibility of item.

4.4 Would like to know answer Participant would like to kndve tsolution.

4.5. No challenge Participant expresses that the quesbiols ho challenge
after discovering the solution.

4.6 Test Participant explains what the question measures.

Table S11. Proportion of participants with and without previous exp@swhose answers were categorized into each categorydiy Stu

Proportion (%)

Type Category Seen before Not seen before
1. Incorrect beliefs 1.1 Attention check 6.7 1.0
1.2 Puzzlement 4.6 -
1.3 Simple Problem (error) 4.7 13.1
1.4 Simple Problem (unclear) 16.7 20.7
2. Correct Understanding 2.1 Explanation of correct answer 6 0 0.6
2.2 Other CRT items 10.7 0.3
2.3 Similar to tasks in the HIT 4.6 9.9
2.4 Suspects Trick 5.8 13.4
2.5 Explains Trick 14 0.3
2.6 Second thought 10.8 11.1
3. Preference 3.1 Like 12.6 7.0
3.2 Dislike 6.5 5.1
3.3 Neutral 11.0 8.6
4. Other 4.1 Discovered solution 1.2 -
4.2. Overused question 7.6 -
4.3 Unrealistic 0.2 0.6
4.4 Would like to know answer 1.2 -
4.5. No challenge 4.3 -
4.6 Test 5.3 1.9
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Table S12. Solution rates for participants with and without previoxp@sure whose answers were categorized into each categBtydy 3

(o2

Correct (%)
Type Category Seen before Not seen before
1. Incorrect beliefs 1.1 Attention check 25 0
1.2 Puzzlement 30 -
1.3 Simple Problem (error) 13 2
1.4 Simple Problem (unclear) 46 31
2. Correct Understanding 2.1 Explanation of correctanswer 0 5 100
2.2 Other CRT items 70 0
2.3 Similar to tasks in the HIT 73 52
2.4 Suspects Trick a7 7
2.5 Explains Trick 89 100
2.6 Second thought 90 66
3. Preference 3.1 Like 75 50
3.2 Dislike 54 19
3.3 Neutral 53 22
4. Other 4.1 Discovered solution 88 -
4.2. Overused question 70 -
4.3 Unrealistic 100 0
4.4 Would like to know answer 13 -
4.5. No challenge 96 -
4.6 Test 40 33

. Itjust needs a little thought. It would be easy to assuraatéms cost $1 and $.10 but then the statement given

would not be true

7. Those are probably tricker than | made them to be.

8. it was basically the same as the age question. even thearango i already had the answer.

9. ltisjust trying to trick me into giving an obvious soundianswer instead of thinking about it.

10.
11.
12.
13.

14.

15.
16.
17.

18.

19.
20.
21.

| am not sure what you are asking. Was the bat and ballignestrick?
I mean it was basic subtraction. Unless I'm missing sbingt
Im not sure if it was a trick question or not but | answeréithwny gut instinct

| think it's a smart question and requires one to do &Igtinple math because the numbers initially direct you
the wrong way

I'm not clear on why it is a big deal. It is simple math. The 1 dollar more which leaves 10 cents
unaccounted for. no, | don't feel similar about the othersgioms or tasks

This is to judge how swiftly one can make snap mathemaliezikions regarding subtraction/addition.
| thought it was odd that someone would actually buy a galtland bat.

The one questions about the computers created widgettharahje question were both familiar. They all
seemed like math problems from my daughters homework.

It feels kind of silly, which is making me nervous about mgswers. Wondering if it was more than
addition/subtraction.

These are all “Iq” test questions that rely on how well apemreads the question
I think it's a trick question that looks simple but isr’'tlislike trick questions, | have no patience for them.
| hate math word problems.
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2.4.2 Exemplary Answers: Repeated exposure

[All statements are presented as typed.

1. Although it seems like an easy math problem, it does takdeathought to answer correctly

2. It's often used like the lily pads that double every daynse®. I'm not sure what it tests, but | know it tests

something.

. 1 think the bat and ball question is pretty simple. If theatdor both is $1.10, and the bat is worth $1.00, that

leaves a balance on $.10.

. | feelitis used too often in these surveys. If you want iowate someone’s math ability the questions should

be more diverse and change. The question about the pond atesap a lot.

5. No opinion just a common answer to test if people are cleaders and problem solvers
6. It's a pretty simple question if you think about it for a @be of seconds. Not difficult at all.

7. |feelitis kind of a trick question. Most people would padity respond that it cost .10 when it really only cost

10.
11.
12.
13.

14.

15.
16.

17.

18.
19.
20.
21.
22.

.05.
. It always seems so easy that | wonder if there is a trick Bmifmissing it in a stupid manner. It just seems
too00 easy.
. its fine it keeps my brain working. I like the half life of thekle question too.
It's odd, but very popular with requesters so I'm used.to i
It made me go back in time to elementary school word problim math class. | felt tense.
It's a bit overused, but tricky to solve the first time.
| think this is the first time | got the answer right on thiegtion. Last time | saw this, | think | answered that

the ball cost 10 cents, but now | realize that was not cortdidie working math problems that challenge my
brain a little.

It's so common a question that I'm not sure it’s effectiteneasuring whatever it is trying to measure. | feel
the same way about the widget question.

It is to see if you can add.

It seems relatively simple. It seems to rely on a gut featd get it wrong. Upon first glance the number $0.10
jumps out at your but that is just the hippocampus assogidtie numbers $1.10 and $1.00 in the most usual
way when considering a difference (subtraction). You neexpbend a moment with the question to allow it to
route the the prefrontal cortex for actual consideratioyoifi want to get the answer right due to the qualifier.
The other questions asked in this section (4 in total) ardralla in nature in that they rely on the deceptive
nature of the brain’s first impressions.

| was confused the first time | got the question so | lookegh iafter completing the survey. Since then, | have
known the answer to the question.

It feels like an attention check.

| dislike it in general. I'm not sure of it's purpose buféels a bit useless in surveys.

It is fairly simple once you do it a few times.

| feel that the whole bat & ball, widget, and the pond congguestions are a waste of time.
It's supposed to determine one’s belief in God.
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23.

24,

25.
26.

27.
28.
29.

30.
31.

32.
33.
34.
35.
36.

37.
38.
39.
40.

41.
42.
43.

44,

The ball-and-bat question and the moss covering the poestign have popped up quite a few times recently
with mTurk HITs—was always curious why. Personally | reseadcthem after seeing the questions at the end
of surveys and was wondering what the cause was.

My opinion is that it is a boiler plate question that isdisean attempt to identify bots. There are several other
questions that are commonly asked together with this onexample being a lake with lily pads that double
each day.

Itis a fun trick question cuz i know i got it wrong the firgtié i encountered it but i still dont know if its right.

| have seen it a couple times. | still can't figure it out, blkahow the answer is not 10. Its similar, but | have
never heard the one about the grandfather being 100 yeanstbklhis grand kids. | couldn't figure that on out
at all.

| don't understand why it is asked so often and | would fdedback on my answer.
I have no opinion on the question, | just think it's an matiten check question.

The guestion is too easy but fair for studies of this typkeel the same for a lot of survey questions even
unrelated to Mturk.

Its very tricky, and my intuition was wrong the first timeniceuntered it.

| think it's a very overused question. Initially, it cae la bit tricky for people who haven't seen it before.
Although, if they just take their time and calculate it an@&cktheir work, it should be simple.

Where can you buy a bat and ball for $1.10? That's prepmsigr low.

Effective the first time, but after that....

| feel that it is a boring question and | don’t know why itisked.

| think it's overused, but it's a good one. | explainedittie kids in my 4th/5th grade class.

This question is a pretty common comprehension or reachegk. | always answer that the ball cost 10
cents. | assume this is right but | have never been told ifithikie correct answer. | think it is one of the
easiest questions and | often wonder what is the purpose=afubstion. There is another question that often
conincides this one. This is the one were a lily pad is growingdake and doubles in size everyday and 48
days to take up the entire lake. The question is how many daykhitdake for the lily pad to take up half the
lake. | assume it takes 47 days.

It's okay. | feel that way about all questions. That’s mdiparticipating.
| feel that it is sort of outdated. A new, fresh problemwtdoe created.
It's overly used which makes the question somewhakeivesit

It's an interesting math problem and works against wisat intuitively want to do. If you want to know if
someone is mathematically inclined then it's a good starbubi it's probably best to not use the same exact
problem every time as it's easy to look up and memorize thevans

| feel that it is a basic question that is asked often.rnkhihat people just memorize the answer to it.
It's an interesting mind puzzle. Your first bat and ballgtim with FOUR balls threw me for a minute :-)

| think the bat-and-ball question is sort of a trick quest If | am answering incorrectly | would find it
humorous that | have answered it the same way about 10 tindesndt know of any questions or tasks that |
feel similar about.

| am an algebra teacher, so the knowledge of how to woretpeoblems is what | practice on an ongoing
basis. It is not a very difficult question. Thank you.
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45.

46.

47.

48.

49.
50.
51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

| wish that requesters would come up with something ndixth& supposed brainteasers have been recycled
so much, it's comical.

It is too prevalent in surveys. The same goes for the wiggaduction questions. All of the brain teaser
guestions are asked repeatedly to the point that the suakey temembers them and are not useful anymore.

It's a tricky question! | think | had the wrong answer thetfiime | answered it, but | kept thinking about it
and eventually asked me daughter her opinion on it, and wkeglasut the correct answer together.

All the tasks in this survey in particular were similathe bat-and-ball question, particularly one of the earlier
guestions about the grandad and grandson. Initially, youldvthink the answer would be 70 and 12, but it
would be incorrect, because the grandad would only be 5&\ader than the grandson. The correct answer
there would be 76 and 6.

It has become a pretty cliche question on mechanicaktunkeys.
It is a basic question. Anyone over the age of 8 shouldt geisily. If | got it wrong this is embarrassing.

Used so often | suspect it is largely useless on a platfisemturk. The question about the widgets is the
same. Also, the one about lily pads covering a pond.

| was answering it incorrectly at first until a HIT told menias wrong, then | had to rethink my logic.

| think it's a good way to measure people’s reasoningtadsl But, it seems like it's been used so much, I'd be
surprised if there weren’t many people on MTurk that haveeén it at least once before.

| think it's overused a good question if someone has naward it but once they have it is no longer a critical
thinking question.

The bat-and-ball question is overused in surveys. | feebame about the media bot question you presented
me with. I've seen it before, in several variants. | wondsaif’'ll ask me about the lilypad that doubles in size
next.

It's a reasonable math question. I'm not sure what itjgpsged to be testing, other than ability to calculate
monetary amounts.

| think it's a pretty standard question for gauging catithinking and calculation skills. The other questions
regarding x machines for y minutes to produce z product igairas well. | have encountered it in other forms,
but it's not as though | memorize the answers. | actually joste the problem again.

All of those types of questions are tedious. Once you thekn up you can memorize the answers. However,
if you try and calculate them getting them correct dependfi@m good you are at math. While | used to
teach statistics, that was 20 years ago and now | suck at sathjetest these types of questions. They could,
perhaps, be measuring the wrong thing?

| think it's thought provoking. Most people would say thedl costs 10 cents, but a second examination of the
facts reveals that this cannot be true. Another questi@divcountered before and made me feel similar was a
quiz about which person is looking at another. | don’t rementbe specifics, but I've never gotten the answer

right, nor have | really ever understood it.

It's just a trick question. People who aren’t familiar lwit will just get it wrong without thinking, | claim
that even some theoretical physicists who don’t pay attantiill get it wrong, and then go back to doing
differential equations. Also, some people who are abslyiteerible at mathematical reasoning, such as myself,
who might have the math version of dyslexia, will be able torgiti out if they see it enough times and they
become very familiar with it.

| wish they’d give me the answer to it for a change.
It's a little too "tried and true,” if you get my drift.
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63.
64.

65.
66.
67.
68.
69.
70.
71.

72.
73.

74.
75.

76.

7.

78.

79.

80.

81.

82.

83.
84.
85.

The bat-and-ball question is redundant. There are ottestigns testing aptitude that are also redundant.

It seems very obvious, not noteworthy, except as a meaduattention and to verify the legitimacy of the
human (not robot) participation.

it's boring since everyone seems to use it

| don't like it. | never knew if | answered it correctly. Iveays just guessed at the answer.

| think it's annoying. Just like the stupid "how many witg” and " how many days for lillypads” questions.
| feel like it's so commonly used it's not the best reshaoml anymore.

I'm tired of seeing it.

No opinion, really. Just another MTURK HIT

| always feel like | get this wrong but | have never beed tble answer. The question drives me nuts. | have
never looked up the answer because | grew up without googlelan’t google everything.

Really overused, there are a few other logic questidkestfie lilipad question) that are also often overused.

| like the critical thinking questions. | work as a badenand believe it or not | will hear a new one once in a
while and find it pretty interesting.

Not sure maybe an attention check for data quality?

It is a tedious question with an obvious answer. All isibasic math. There are many questions like it, and |
do not enjoy answering any of them.

| have done it so many times that | barely even put thougbtii when | see it at this point, | just know right
away that it's 5 cents. | remember when | first ever encountiédagsed to put 10 cents and then | paid closer
attention to what it was asking and realized my own error analalways put 5 cents ever since and now it's
become second nature. There are other questions like thisaime up. One that comes to mind is about a lily
pad on a lake and with it doubling in size, etc.

| am aware of a number of attention check and computdtéprestions - however, | am not sure whether the
bat and ball question qualifies as an attention check itemv@ hat seen this one in the survey design research
literature, despite being a social science researcherlfpyse

| start with the bat costing $1.00, then increase theefdric$0.01 until | get the answer. | don't think it is a
difficult question.

| am just curious as to why it constantly shows up.

| think the bat-and-the-ball question is easy to answethat people don'’t feel frustrated during a survey.
Some attention check questions can be similar across diffsteveys and they are easy if one is actually
paying attention.

I like critical thinking questions and riddles very muad | would that more of them would be used with a
larger variety.

| think it's an ok question to prevent bots and do attentibecks. Aside from those 2 reasons, I'm not really
sure what the purpose of it is but | would like to if | could.

| think you guys should come up with another question.
I think it is just a question to distract from the survey
I think | see it enough that people should stop asking it.
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.

98.

99.

100.

101.

102.
103.
104.

105.

106.

pond question, if lillies grows exponentially how longlvt take for lillies to cover pond if it took 47 days to
cover half mushrooms choir over

Researchers need to work harder to find different crititaking questions so that regular survey takers aren’t
working from rote. The earlier question about the number csages that can be sent was a great twist.

It's easy enough. I've seen that one and the 100 widgetsymu haven't asked me about lilypads yet but |
assume that's coming.

47 days. Mturk has a lot bigger problems than the widgéetihd ball/lily pond answers. Right now there is a
forum selling access to a tool that just blindly acceptsetdi over a certain dollar amount.

It's a nice little trick question made to make the readnmkit that it's 10 cents for the ball. They see $1.00,
ignore the other context, and because they know it must add @f.10, they chose 10 cents. It's more of a
trick question regarding people’s ability to fully read aswimprehend the subject than it is a math problem.

It's a simple enough question that might be able to scm#rbots, but it's common enough to be easily
programmed in.

| think that it is a bit overused and too popular to be usefeesearch anymore. There are no other questions
that | feel this way about,

It is annoying because it is a daily question.

There are many other similar variants on this questiarh as "At a ballgame, a hot dog and a soda cost $5.50
in total...” with the same design, just different elemehtan also very familiar with the widgets question, and
guestions like "A lilypad doubles in size every day...” oetlsun tea concentration” variant of that question.

It's easy. The widget one I've been asked several time$ianabt sure if I'm ever right on that one or not. No
one has ever said correct or incorrect and | never cared tglg@o

A question like this can tell you whether the person thiimiuitively or logically.

| feel that it and the usual accompaniments (widgetsarding lilypad, etc.) are overused and unlikely to
provide any useful data.

| know my ansswer must be wrong cause it seems to simiple

| have no idea if | even answer it correctly, | just answersame way each time and never thought to look up
the correct answer. There’s another similar one I'm asked @adout a pond with lily pads or bread with mold
where each day the mold/lily pads double in size until theyecthe pond/bread.

I'm 66. Thisis 2nd grade arithmatics.

They are redundant and boring. They just take up time iktfieand take away from the true purpose of the
HIT.

It's overdone. Try to find some new ones
It's a standby question that a lot of requestors go to.

| am tired of seeing the bat and ball question, it has lneed so many times now. | do not feel as if there are
other questions or methods that are as overused as that.

It all seems pretty easy. If the total is 1.10, and thg watiable is 100, then the solution to the equation is .10,
right?
It is a simple question to ask to test basic math skilading comprehension, and just a general attention
check.

10 This refers to the Berlin numeracy test
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107.

108.

109.

110.

111.

112.

113.

114.

115.

116.
117.

118.

119.
120.
121.

122.

123.
124,
125.

| think the batting the ball question has been used tochmBesides that it's too easy to answer. The other
thing that you see all the time is the long paragraph abouwtopres aren’t formed in a vacuum blah blah blah

blah blah blah blah and then we're trying to see if you're lgeegading this. As soon as you see the word

vacuum you know it's an attention check. So does that realklyour attention?

This is a common question that | think most people on Mtadiw the answer to. Maybe it's time for requesters
to get a new question.

Most people doing hits on mturk do a lot of them, so alséhsurveys that use the same questions that test
logical or math skills are wasting their time. Even if the arswasn’t obvious to people, they would eventually
figure them out and answer them all correctly.

Actually, I'm tired of seeing it. That's not the only onld that. There are many I've seen. | don’t look up the
answers either. So I'm always wrong. | don't believe in Gooeglihe answer and I'm terrible at math. Thanks.

i know the answer is 5 but no idea how it is that number

It seems silly. | don't quite see the purpose of askiegirestion. | feel the same about some of the percentage
calculations. For some HITs, it may be useful to get an undedéng of the worker's math knowledge but it
some cases it just seems like a hoop to jump through.

I’'m not sure what the purpose is to be honest. Perhapsigeggeneral intelligence?

| like brain teasers, and | liked this one. | do noticé tisee several of the same brain teasers repeated on the
surveys that | take. | have never been asked questions dtmotatking of the tasks before, though.

| think the question/answer is over-used and couldyelbsiasked in a bigger variety of ways. I'm OK with
the questions and answers, and am not worried too much aitheabout answering them.

| like it till someone "gets” it then it's bunk The age osesimilar logic.

The bat-and-ball is a "trick” question that | find intenegt It's similar to the story of a cat that fell down a
50 foot well. Every day the cat climbs three feet, but falls feet. The cat’s net progress is only 1 foot a day.
However, on day 47, the cat reaches the top of the well andosliout - the "obvious” answer to how many
days it takes the cat to climb out is 50, but the fun part is ustdading the actual question.

First of all, it's easy because it is simple arithmeticc@®el of all, | have seen it on Mechanical Turk many
times. Third, | remember it from childhood, beginning withevhl was in elementary school. Every time | see
it, | wish the requester would come up with something new.

| think it would probably better serve researchers wswMturk to ask a different question that is less familiar
It makes me think and | always forget the answer so hawertee up with a new one everytime.

| think it's annoying, | read the correct answer once ejliace, but didn’t care enough to remember it, | feel
the same way about most of those brain teaser type quesifiorksiow the answer, great, if | do not, that's
fine too

| feel that a lot of surveys ask random IQ questions asgbaheir surveys. | do not mind them. | do wish to
be informed beforehand as to whether or not my cognitivategsilwill be tested.

| feel like I've been getting it wrong the whole time!
I am so confused with this question. My kids tried to ekplt to me, but | didn’t understand it.
no opinion, i could care less !
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3 CONSTRUCTION TEMPLATES FOR TRANSFORMED VARIANTS OF CRT ITEMS

3.1 ltem1l

The joint [measurement] of [A] and [B] is)p4+mg]. The [measurement] of [A] isrh 4-m ] higher
than the [measurement] of [B]. What is the [measurement] of [B]?

Requirements:

e [measurement] needs to be additive
e [m4-mp]is simple, intuitive natural number

® Mmpiima-mpg
Original:

e [measurement]: price
° [A]Z bat

e [B]: ball

o [m4]=$1.05

. [mB]:$0.05

Other examples:

¢ An elephant and a dog eat 303 kg of food together. The elegzast300kg more than the dog. How
much does the dog eat?

e | bought a computer and monitor for 3,800$%. The computer 8@10$ more than the monitor Ho
much did | pay for the monitor?

e A human stands on the shoulders of a giant. Together, botBGafeet tall, but the giant is 30 feet
taller than the human. How tall is the human?

3.2 ltem?2

[x] [productions units] [produceld] [product units] in [¢] [time units]. How long does it takef]- ]
[production units] to [produce]f - =] [product units]?

Requirements:
e fis natural number

Original:

[production unit]: worker
[product unit]: widget,
[time unit]: minute

e =10

f=10
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Other examples:

e Twenty magicians conjure 20 pigeons out of their hats in 20uteis. How long does it take 60
magicians to conjure 60 pigeons?

e At a large golf range, it takes 30 golfers 30 minutes to hitgheens 30 times in total. How lonng
does it take 90 golfers to hit the greens 90 times in tdiat §ee caveat, belgw

e In a store, 10 sales people are able to deal with 10 shopp@ers@grat the same time in ten minutes.
How long does it take 200 sales people to deal with 200 she@rering at the same time?

Caveat:Some tasks can be done in parallel and production might iad¢ 8gth units: 1,000 cooks in a
kitchen will not achieve 100 times the number of omelets fatooks can achieve.

3.3 Iltem3

A [geometric growth process] starts with and proceeds witactor of [f] per [time unit] . Aftert,
[time units] the process [is complete/has reached a singbézance point,,]. How long does it takg
to reach !;—ﬂg]

Requirements:

e 1, is naturally divisible byf
e t, >>0

e
ogSGN

O%GN

Original:

e [growth process]: lily pad expansion
e [time unit]: days

e [t,]: 48 days

e [r.]: lake covered

° f:2

o s=1
Other examples:

e An ant colony doubles its territory in each week. At the engesr (after 52 weeks) the colony covers
the entire forest. After how many weeks did the colony covguarter of the forest?

¢ A new robot model is able to build a complete clone of itselé®m an hour, and it will spend all of
its time building clones. It can start building clones onadttand can keep building clones without
limits. One robot of this type is placed in a large factoryl hafter exactly half a day exactly one
half of the factory hall is filled with robots. How many addiial hours did it take to fill exactly one
quarter of the hall?

e A map has been folded many, many times. Each time you open @jotohit doubles in size. You
notice that it covers exactly half of your room after you haméolded it 42 times. a) After how many
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times (including the 42 times) does it cover the full roomAlter how many times did it cover exactly
a quarter of your room?

Caveats: Scaling might not be assumed linear, the number of prodctnits might not be responsible
for minimum time, example: golfers on golf course

3.4 Other trick questions

o It takes 200 snails 200 seconds to each run a distance of 20d@mlong does it take 800 snails to
each run a distance of 400cm?

¢ A kitchen receives 100 loaves of bread and 1,000 eggs eachimgorSome oil and two eggs are
needed for an omelette.
In this kitchen, 4 cooks are able to produce 400 omelets firout the day. How many omelets would
be produced by 8 cooks?

e In alake, there is a patch of lily pads. Every day, the patalbtes in size. If it takes 48 days for the
patch to cover half the lake, how long would it take for thechab cover the entire lake [in days]?

o Ifittakes 10 lakes 10 days to make 10 lily pads, how long watiake 48 lakes to make 48 lily pads
[in days]?

e A bat and a ball cost $1.10 in total. The set costs $1.00 meaue tire ball. How much does the ball
cost [in cents]?

e In a lake, there is a patch of lily pads. Every day, the patcdauples in size. If it takes 48 days for
the patch to cover the entire lake, how long would it take Far patch to cover half of the lake [in
days]?
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