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Introduction

Original citation

Eriksson, K. (2012). The nonsense math effect. Judgment and Decision Making, 7, 746—749.

Original Study
Eriksson (2012) examined in his study the nonsense math effect the tendency of a positive bias
for meaningless math in judgments of quality research. Furthermore, Eriksson analysed
whether there are differences between academic fields and their ability to critically evaluate
meaningless mathematics in scientific abstracts, since “in those disciplines where most
researchers do not master mathematics, the use of mathematics may be held in too much
awe” (Eriksson, 2012, p. 746). Two abstracts were given to judge. Either the first or the second
abstract was randomly manipulated with an added math formula to control that the effect
was not caused by one specific abstract. The author did provide evidence that an abstract with
an added, but meaningless math sentence will be rated higher than an abstract without math.
However, the effect was not found among participants with degrees in mathematics, natural
science, technology or medicine. Participants did rate higher, if there is a senseless math
formula included, no matter in which abstract. The evidence was confirmed in a Two Way
ANOVA, F(1,192) = 8.68, p < .05 (Eriksson, 2012, p. 748). However, the author noted that
presumably lack of math skills in the fields outside math, science and technology decrease

critical evaluation of math. Since this was not tested in the experiment, the evidence should



be interpreted with caution. The author suggested to examine whether training in math could

decrease this bias.

Target of Replication
In the current replication of Eriksson (2012) we seek to reproduce the methodology used in
the original paper. However, referring to the requirements of the Hagen Cumulative Science
Project I, we focussed on one key effect, the effect of the area of degree on the rating
advantage of added math. The aim of the study was to show that there is a rating advantage
in abstracts with an added formula even though the formula is not related to the topic. The
author’s principal research questions were whether there is a rating advantage of added math,
regardless of which abstract is manipulated, and whether the rating advantage is moderated
by participant’s area of degree. Accordingly, the author reported in the one sample t-test a
significant positive rating of the abstracts with added math, M =4.7, SD = 21.0, n = 200, p <
.01 (Eriksson, 2012, p. 748). However, the effect was not found in the areas of degree in math,
technology and science, M =-1.3, SD = 19.2, n = 69, p > .05 and medicine, M = 3.0, SD = 16.0,
n=16, p>.05 (Eriksson, 2012, p. 748). Additionally, binomial tests were done, the results were
that the majorities for humanities and social science and other (e.g., education) were found
to be statistically significant, p < .05 (Eriksson, 2012, p. 748). Furthermore, the ANOVA
confirmed the result with a main effect of area of degree, F(3,192) = 4.2, p < .01 (Eriksson,
2012, p. 748). A successful replication would hence find an effect on higher rating of the
abstract with an added math formula by participants outside the academic fields of
mathematics, technology and science. According to the original paper we plan the study
among German speaking participants with bachelor's, master’'s degree or PhD from different

areas of math, science and technology as well as social science, humanities and others.

Method
Power Analysis
The necessary sample size for the effect size was calculated with an a priori power analysis
using G*Power (Faul, Erdfelder, Lang & Buchner, 2009). Since the effect size was not reported
in original study, partial eta squared (n?) was additionally computed in reanalysis of original
data applied in SPSS. Using G*Power the effect size n%, was calculated into the asked effect
size f needed for test family “F-test” and “ANOVA: Fixed effects, special, main effects and

interactions” as the statistical test. We chose this test, because we compared means of
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multiple independent groups defined by multiple categorical independent variables. With the
error probability o = .05 a sample size of N = 170 is required to achieve a power of .80, N =
191 will be needed for a power of .85, N = 219 for a power of .90 and N = 264 for a .95 power.
In order to achieve a minimum power of .8 we aim to achieve a minimum sample size of 170
participants. However, we aim to reach 192 participants to have a test power of .85. Thus, we

will include also participants with a bachelor’s degree.

Planned Sample
Based on the power analysis mentioned above, we plan to include 191+1 participants in the
analysis in order to achieve a power of .85 to keep number of participants in both conditions
even. In case we achieve more participants during our time schedule, we will include
participants until a maximum of N = 264. This sample size comes with a power of .95. To reach
a preferably higher number of participants, people with a bachelor’s degree will be included,
presumed they have “experience of reading research reports, such as journal articles,
conference papers, anthology chapters or monograph” (Eriksson, 2012, p. 747) as it is part of
their studies. Dependent on the number of participants and the amount of participants with
master’s and PhD degrees, participants with bachelor’s degree will be excluded from the main
analyses and used as a separate category in further exploratory data analyses. The study will
be administered as an online-questionnaire in the “virtual laboratory” of the FernUniversitat
Hagen. Therefore, a sample consisting of students from the FernUniversitat Hagen, Germany
is expected. In order to get a preferably similar group of participants as in the original study,
academics will be contacted through email, social media, scientific forums, Alumni (networks
or groups of former students) and academic associations in Austria, Germany and Switzerland.
Participants can win one out of three 50 Euros vouchers. Students in master’s programme,

who fit the sample and request them, will get credit points in return to participate.



Materials
Sociodemographic data
According to the original study, participant’s age and gender will be also collected.
Qualifications

The study starts with a questionnaire about participant’s qualification. Data about the degree,
the area of degree and the experience of reading scientific papers will be collected.
Participants can choose between either “Have read less than 10 different reports”, “Have read
between 10 and 100 different reports”, or “Have read more than 100 different reports”. This
corresponds to the descriptions of the original article with the following adjustments: The
guestionnaire will contain the option “bachelor’s degree” according to the possible inclusion
of bachelor graduates. The area of degree will be surveyed in an open question format and
later on classified similar to the original study into four broad areas of research: Humanities
or social science, medicine, mathematics, natural science or technology or other (e.g.,

education, economics).

Scientific abstracts
“The two abstracts were taken from real research papers, well-cited and published in very
good journals. They were selected so that they would be generally understandable to non-
specialists" (Eriksson, 2012, p. 747). The abstracts were selected as they were used in the
original study. After we translated them into German, they were lectured by an active

researcher with a PhD in Sociology to ensure quality.

First Abstract: “Foraging” - Risk and reciprocity in Meriam food sharing
The first abstract is “a study of whether foodsharing practices among a foraging tribe could be
predicted from risk reduction and reciprocity (from Bliege Bird et al. 2002)” (Eriksson, 2012,
p. 747).

Second Abstract: “Incarceration” — The mark of a criminal record
The second abstract is “a study of the consequences of incarceration for the employment

outcomes of black and white job seekers (from Pager 2003)” (Eriksson, 2012, p. 747).



A mathematical model
The mathematical Model TPP=TO-fTOdf2—fTPdf (Soetens et al., 1984 as cited in Eriksson 2012)
is taken from an unrelated study about reactions times in choice experiments. Neither of the
abstracts is about reaction times or sequential effects, thus the inclusion of the math Model
is meaningless. The manipulation consists in the random addition of this sentence at the end
of one of the two different abstracts in two conditions: Condition 1- abstract 1 is added with
the formula, condition 2- abstract 2 was added with the formula.

Procedure
“Participants filled in an online questionnaire. It started with questions about their
qualifications, including their postgraduate degree [either Master’s degree (88%) or PhD
(12%)]; the area of their degree [either humanities or social science (42%), medicine (8%),
mathematics, natural science or technology (34%), or other (e.g., education) (16%)]; and their
experience of reading research reports, such as journal articles, conference papers, an-
thology chapters or monographs [either Have read less than 10 different reports (12%), Have
read between 10 and 100 different reports (54%), or Have read more than 100 different reports
(34%)]. The guestionnaire went on to describe that organizers of scientific conferences often
ask for researchers to submit abstracts of the research they would like to present, and that
based only on these short abstracts the highest quality research is to be selected. The current
study was presented as an investigation of how readers of abstracts judge the quality of
research.
Two abstracts were then presented. For each abstract, participants were asked to give their
general judgment of quality. The study will be presented as an examination about how readers
judge the quality of scientific abstracts. To mimic the actual examination, there will be also
guestions about other aspects of the abstracts, e.g. how important or interesting the abstracts
were” (Eriksson, 2012, p. 747). This was followed precisely. Like in the original study, the
current study will be distributed online (via the “virtually laboratory” of the FernUniversitat
Hagen). The questionnaire comes in two versions, either the first abstract is manipulated or
the second one. Responses were given on a scale from 0 (the very lowest quality) to 100 (the
very highest quality).
To mimic a typical procedure for judgment of submitted abstracts, participants were also
asked to rate some other aspects of the abstract, such as the importance and how interesting

it was. At the end of the study, participants get the possibility to give their email address in



case they want to join the lottery to win the amount of 50 euros or get a credit point.
Furthermore, we inform the participants to get the results in case they are interested.

Following the original study, we compute the 2 abstracts to be rated (Foraging x Incarceration)
X 2 conditions (math added to Foraging or to Incarceration) x 4 areas of degree
(math/science/technology, social science/humanities, medicine or other (e.g., education).
First the dependent variable rating advantage of added math is calculated as the rating of the
manipulated abstract minus the rating of the non-manipulated abstract. After that we split
the sample by the factor area of degree and compute descriptive statistics and a one sample
t-Test. In the next step we analyze the data through a univariate Two Way ANOVA with rating
advantage as the dependent variable, with condition and area of degree as factors. After that,
we add the covariate reading experience to the ANOVA. Finally, as in the original study, we
examined the effect of the manipulation in terms of percentage who rated the abstract with

added math highest with binomial tests.

Differences from the original study
The sample of the study might contain a majority of German students while in the original
study by Eriksson (2012) the sample consisted of U.S citizens recruited on the job platform
“Amazon’s Mechanical Turk” in return for pay. However, we will aim to have a preferable
similar sample size with approximately 90 percent of master’s degree and about 10% PhD,
with about 50 percent from the math/technology/sciences field or medicine and 50 percent
from the academic disciplines of social sciences and others. This could still lead to differences
inour survey, e.g. we expect that the original sample consisted of participants of a wider range
in education. Additionally, the translation of the abstracts might affect participant’s
judgments about the quality. Furthermore, since we only have a short time frame for the
empirical survey, we choose to also include participants with a bachelor’s degree. After the
survey we will analyse the data and exclude people with bachelor’s degree from the main
analyses in case we have reached a sufficient number of approximately 200 participants with
the given characteristics mentioned above. To differentiate the group differences closer, we

will also compute post-hoc tests or contrast analysis.



(Post Data Collection) Methods Addendum
Actual Sample
For our replication study, we recruited 289 participants via the virtual laboratory of the
FernUniversitat Hagen, the University research pool, Facebook and through “snowball effect”
in Germany, Switzerland and Austria. The data collection time frame was from 09.08.2019
until 01.09.2019. We excluded four participants because of a too short time duration, two
participants denied the data protection agreement and another five did not have a bachelor’s
degree at least. Furthermore, we excluded 14 more participants who did not participate
seriously. Of the remaining 264 participants 56.4% were female. The mean age of the
participants was 36.68 years (SD = 11.51). The sample consists of 45.5% with a master’s
degree, 31.1% with a bachelor’s degree, another 20% have a PhD and 3.4% have another
degree (e.g. German degree “Staatsexamen” which is equivalent to at least master’s degree
level). Compared to the planned sample, we did achieve the desired sample size of 264

participants to ensure a test power of 95%.

Results
The mean value for the rating advantage in the one sample t-test was M = 4.39 (SD = 26.33)
in the full sample. Table 1 shows descriptive statistics and the results of the one-sample t-test
in comparison to the results of the reanalysis. The table indicates, as in the original study, an
overall positive effect of added math, t(263) = 2.71, p = .007, d = 0.33, but unlike the original
study, no impact of the area of degree on the rating advantage of added math. The means

between the subgroups divided by area of degree did not differ significantly.



Table 1

Descriptive Statistics comparison and t-test results

Study Reanalysis Replication

of Original
Area of degree N M SD N M SD
Math, Science, 69 -1.28 (19.24 68 3.47 (22.92)
Technology
Medicine 16 3.06 (15.99) 18 8.44 (20.57)
Humanities,  Social 84 6.60%* (21.15) 136 3.56 (28.86)
Science
Others, e.g. 31 13.90** (23.31) 42 6.86 (25.58)
education
Total 200 4.74** (21.01) 264 4.39** (26.33)

Notes. ** p<.01, * p<.05.

To replicate the primary finding, we conducted an univariate Two Way ANOVA with rating
advantage of added math as dependent variable and condition and area of degree as factors.
The ANOVA confirmed, that there was a rating advantage of added math, F(1,256) =5.96, p =
.02, n,2 = .023. However, there was no main effect of area of degree, F(3,256) = 0.20, p
=.89, 1,2 =.002, meaning that the rating advantage of added math did not differed between
participants in different areas. Thus, the primary finding of the original study was not
replicated. There was a main effect of condition, F(1, 256) = 7.29, p =.007, Np2 =.028, meaning,
that regarding of which abstract was manipulated, the rating advantage of added math
differed. Like in the original study, there was no significant interaction between condition and
area of degree, F(3, 256) = 0.90, p = .44, 1,2 =.010. The results of the ANOVA are robust to
inclusion of reading experience of research reports as a covariate. The covariate reading
experience was significant, F(1, 255) = 15.56, p < .001, Np2 =.058. Figure 1 shows a comparison
of the original study and the replication. It illustrates the effect of the manipulation in terms
of the percentage who rated the abstract with added math higher. As in the original study, we
excluded those who gave equal ratings of both abstracts. The majorities for “social science”
and “other” were significant in the original study, p < .05, computed with a binomial test. In

our replication, no group was significant. That means, the majorities did not differ
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significantly. As seen in figure 1, in the replication, the group differences are smaller than in

the original study.

75%
OArticle —

70% M Replication
65%
60%
55%

50%

45% .

Humanities, social Math, science, Medicine Other, e.g.,
science technology education

Highest rating to abstract with added
math in percentages

Area of degree

Figure 1. comparison of original and replication, percentages, who gave the highest rating to

the abstract with added math.

Exploratory analyses

Thus, the factor area of degree did not have an impact on the dependent variable rating
advantage of added math, we examined the data referring the categorization and found
discrepancies between the categorization into the area of degree and the specific subject of
degree. For example, participants with a degree in business, philosophy or law did categorize
themselves in either the area humanities and social science or into others. It was not possible
to recategorize the data with the system in the original study was used, because the category
“others, e.qg. education” was not specified further. Thus, we recategorized with the German,
official DFG Fachsystematik (Deutsche Forschungsgesellschaft, 2017) and found different
results. Referring to the DFG Fachsystematik, there are 4 big science areas: Social sciences,
Life sciences, Engineering sciences and Natural sciences. There was an effect with an one-
sample t-test for the area life sciences, which contains medicine (M = 8.47, SD = 27.56, n = 34),
on the rating advantage of added math, t(33) = 2.48, p =.02, d = 0.43. Further, as for the group
of social sciences (M = 4.03, SD = 27.56, n = 183) an equivocal result of t(182) = 1.98, p = .05,
d = 0.15 was found. An univariate, two factor ANOVA could not detect any effect of the area
of degree on the rating advantage of added math, F(3,256) = .41, p = .75, Np2 =.005.

Moreover, since the factor condition was significant, we examined descriptive statistics for



the means of the ratings of the abstracts for both conditions. In an independent samples t-
test, the abstract “Foraging” got higher ratings when the math formula was added (M = 57.55,
SD = 21.83), than in the non-manipulated version (M = 51.18, SD = 21.18). This is a significant
mean difference, according to an independent samples t-test, t(262) = 2.41, p =.02, d = 0.30.
According to Cohen (1988) this is a small effect. The abstract “Incarceration”, regardless of the
added math formula (M = 58.20, SD = 20.71 in condition 1, without math, M= 60.46, SD =
24.44 in condition 2, with math) got no significantly higher rating with added math, t(262)=
-.81, p = .42, d = 0.10. However, the abstract “Incarceration” got higher ratings for both
conditions than abstract “Foraging”. On the contrary in the original study, the abstract with
the added formula got the higher rating.

Finally, since there was a sufficiently large sample of N = 182 without the bachelor graduates,
once again we examined with only master graduates and participants with a PhD, because the
original study's sample did not contain participants with a bachelor’s degree. In a one-sample
t-test, no significant overall rating advantage of added math was found, M =2.92, SD = 24.86,
n =182, t(181) = 1.58, p = .12, d = 0.24. No significant mean differences were found in a one-
sample t-test divided into the groups of area of degree. An univariate two-factorial ANOVA

confirms these results with F(1,174) = 2.28, p = .13, Np2 =.013.

Discussion
Summary of Replication Attempt
Our results reveal that the replication of the key effect (effect of the area of degree on the
rating advantage of added math) failed. However, an overall positive effect of added math
could be found and was confirmed through the ANOVA. However, the effect is not found when
excluding the bachelor’s degree participants. On the contrary to the original study, we found
an effect of the factor condition on the rating advantage of added math, meaning that
regarding of which abstract was manipulated, the manipulation affects differences in the
rating advantages. Moreover, we examined the mean differences of the rating of the abstracts
in both conditions with t-tests for independent samples. Abstract two was rated higher in both
conditions and the rating advantage of added math was significant only for abstract one. This
is to say, there was a rating advantage. However, the condition moderated the rating
advantage of added math, whereas, unlike the original study, the area of degree did not have

an impact. Possible reasons for this result will be discussed in the commentary section.
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Commentary
Three possible reasons might explain differences in the key effects in the original and

replication study and are therefore examined more closely:

Comparing the samples:
In the original study the sample was from the USA, in the replication from Germany, Austria
and Switzerland. Thus, cultural differences in perception and quality ratings could have had
an impact on the results. Further, in the original sample, 88% of the participants had a
master's degree while in the replication study the sample consisted only of 68.9% participants
with master’s degree or higher (another 19.7% with a PhD and 3.8 % with another degree, e.g.
German degree “Staatsexamen” which is equivalent to master’s degree level), 31.1 % had a
bachelor’s degree.
Moreover, the different education systems have to be taken into consideration. As
suggested in the original study, the possible correlation between math education and

holding math in wrong awe should be examined further.

Table 2:

Comparison of the samples

replication
study original study

study

University pool, Facebook
Recruitment method Mechanical Turk

Groups, Friends
Country USA Germany, Austria, Switzerland
M Age 31.58 (9.21) 36.68 (11.51)
Sex (m/w) 54.0%/46.0% 43.6%/56.4%
Master's/PhD 100% 68.9%

Differences in the study materials:
Differences in the study materials could occur due to the translation into the German. In our
online survey, we gave participants the possibility to let us know their opinion about the study.
The opinions were clearly in one direction. The abstracts had substantial differences of quality

and were not comparable. The second abstract “Incarceration” was rated higher by several
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opinions. This opinion was also confirmed by the descriptive statistics of the mean ratings of
both abstracts. The mean quality rating of the second abstract was higher in both conditions
(with and without added math), than the mean quality rating of the first abstract. Thus, we
conclude that the two abstracts differed in quality. Further, we conclude that not only the
added math but also the abstract quality (abstract topic, relevance for society, personal
preference) has an influence on the rating advantage of added math. Thus, the internal validity
might be affected negatively, since the abstract quality itself was measured in combination
with the math formula and not separated- only the math formula- as it was assumed in the

original study.

Categorization method problem
Furthermore, different categorization methods may lead to different results. There was no
clear categorization system. Participants with the same subject of degree did categorize
themselves into two different groups, moreover, it was not possible to recategorize with
these 4 groups since the last category “others, e.g. education” was not defined clearly, what

subject could be else belong to the category.
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