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Abstract Abstract 
Because people are constantly confronted with numbers and mathematical concepts in the news, we 
have embarked on a project to create journalism that can support news users’ number skills. But doing so 
requires understanding (1) journalists’ ability to reason with numbers, (2) other adults’ ability to do so, and 
(3) the attributes and affordances of news. In this paper, we focus on the relationship between adults’ 
news habits and their quantitative reasoning skills. We collected data from a sample of 1,200 US adults, 
testing their ability to interpret statistical results and asking them to report their news habits. The 
assessment we developed differentiated the skills of adults in our sample and conformed to the 
theoretical and statistical assumption that such skills are normally distributed in the population overall. 
We also found that respondents could be clustered into six distinct groups on the basis of news 
repertoires (overall patterns of usage, including frequency of news use overall and choice of news 
outlets). As often assumed in the literature on quantitative reasoning, these news repertoires predicted 
quantitative reasoning skills better than the amount of quantification in the outlets, but they still predicted 
only a small fraction of the variance. These results may suggest that news habits may play a smaller or 
less direct role in quantitative reasoning than has previously been assumed. We speculate that the 
presence (or absence) of quantification in everyday activities – namely work and hobbies – may be a 
better predictor of adults’ quantitative reasoning, as may additional dimensions of news habits and 
affective responses to numbers. 
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Introduction 
Whether it’s understanding the scope of trillions of dollars in government spending 

or the significance of a single degree of temperature rise, news users are constantly 
confronted with numbers and mathematical concepts. Maybe you know someone 
who pores over sports scores or obsessively refreshes the stock market page. Could 
the news that people get be related to their ability with numbers? In particular, could 
it be related to quantitative reasoning (Karaali et al. 2016), the ability to make sense 
of numbers in context and make decisions on the basis of those numbers? This 
paper is a methodological foray into questioning these assumptions. 

This paper is part of a larger collaborative project co-led by journalists and 
social scientists, with the goal of helping news users reason with numbers. Creating 
journalism that can support people’s number skills—“better news about math” 
(Barchas-Lichtenstein et al. 2021)—requires understanding journalists’ ability to 
reason with numbers, other adults’ ability to do so, and the attributes and 
affordances of news. These three requirements are fundamentally interdependent, 
and interventions must take their interdependence into account. 

At least three distinct research traditions have addressed the role of quantitative 
information, especially statistics, in the news media. Science and technology 
studies (STS) researchers have proposed approaches that explore how statistics 
circulate among various types of people, largely focused on describing and 
identifying reasons for beliefs and behavior (descriptive framing) beyond 
attributing them to a lack of knowledge on scientific topics (deficit framing). 
Researchers in quantitative reasoning (QR) and statistical literacy have compared 
what adults know to what news media expects them to know. Meanwhile, research 
in journalism studies has focused primarily on journalists’ knowledge, practices, 
and training, and on the quantity and type of statistics reported in news content. All 
three approaches have shaped our work. 
 

Science and Technology Studies 
 

Science and technology studies (STS) has taken a critical lens to statistics. For 
example, Porter (1995) traces the history of Western “trust in numbers” to social 
and political factors, particularly accounting and bureaucracy. In the public health 
context, Erikson (2012) illustrates how statistics are used to transform contentious 
policy questions into questions of supposedly apolitical technical expertise. She 
shows how public health professionals in Sierra Leone can “write an authoritative 
report and make future recommendations without leaving the hotel or meeting a 
human being who met her population health criteria” (372), and hospital 
privatization in Germany has shifted the focus of health statistics from patient 
wellbeing to customer satisfaction. 
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Scholars in this vein don’t just argue for considering the social life of statistics; 
they also encourage all of us to begin with empirical description that tests our 
assumptions. Specifically, Crettaz von Roten and de Roten (2013) noted that claims 
of collective statistical illiteracy are just-so stories that are not grounded in 
empirical evidence. This observation informs our first research question: 

RQ1: What differences in quantitative reasoning (QR) can be detected among 
US adults? 
 

Quantitative Reasoning and Statistical Literacy 
 

The terms “numeracy,” “quantitative literacy,” and “quantitative reasoning” are not 
defined consistently across frameworks and research groups (Karaali et al. 2016). 
We follow the example of Vacher (2014), who identified “quantitative reasoning” 
as primarily concerned with reasoning about and engaging with quantitative 
information, rather than carrying out numerical operations or working with specific 
representations of data such as graphs. (See Barchas-Lichtenstein et al. [2021] for 
further detail on how our team engages with these frameworks.) 

Mathematicians, statisticians, and researchers in mathematics and statistics 
education have analyzed news stories to identify the underlying knowledge such 
stories assume the public has. For example, John Allen Paulos (1988, 1995) has 
written several books of critical essays on this topic. Two theorists in this tradition 
were particularly central to our thinking: both have written extensively about the 
skills adults need to make sense of statistics and other numbers and take for granted 
that news is the primary site for this need. 

Gal (2002) proposes a framework for breaking statistical literacy into five 
cognitive elements and two dispositional ones. The cognitive elements include 
literacy skills, mathematical and statistical knowledge, context knowledge, and 
critical skills. He further subdivides the required statistical knowledge into five 
types in increasing order of difficulty. The most basic type is a general sense of the 
logic of data: why do institutions collect data at all, and through what methods? 
These skills build up to knowledge of data analysis techniques and procedures as 
the final type. In contrast, the mathematical knowledge he identifies is surprisingly 
basic: recognizing that mathematical operations underlie statistical calculations; 
having at least an informal understanding of percentages, means, and medians; and 
the conceptual links between summary statistics, graphs, charts, and raw data. 

Utts (2003) argues that the general public—including researchers and 
scientists—misunderstands seven key topics. First, correlation is not causation. 
Second, a finding can be statistically significant even if it has no real-world 
importance. Third, the absence of statistical significance may be due to an 
underpowered study rather than the absence of an effect. Fourth, people need to be 
aware of potential sources of bias in surveys, such as small changes in question 
wording and order that can have large effects on survey responses. Fifth, there are 
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enough people in the world that even extremely unlikely events happen all the time. 
Sixth, people often confuse conditional probabilities with their inverse—for 
example, believing that if a test is 90% accurate in detecting a rare condition, 
someone who tests positive has a 90% chance of having the condition. Seventh, 
variability is ubiquitous, meaning that averages alone cannot tell you any single 
observation is typical or “normal.”1 

We built on these frameworks to develop an instrument capable of capturing 
differences in adults’ quantitative reasoning about news across its various 
manifestations. 
 

Journalism Studies 
 

In general, research on quantification in journalism studies focuses on journalists 
and news texts (e.g., all papers in Nguyen and Lugo-Ocando [2016]; van Witsen 
[2018, 2020]). This research relies heavily on several assumptions. First, it assumes 
a deficit in journalists’ own quantitative skills, whether due to a lack of formal 
requirements in their degree programs (Cusatis and Martin-Kratzer 2009; Martin 
2017), a lack of confidence (Maier 2003), or a profession that devalues these skills 
(Harrison 2016). Second, the research assumes that improving journalists’ 
reasoning will automatically translate to improved public reasoning. For example, 
Maier (2002) catalogued errors in news stories. While presenting correct 
information is certainly necessary for public reasoning, Maier does not consider 
whether it is sufficient. In fact, this assumption has been disproved repeatedly in 
research on confirmation bias and debunking misinformation (Nickerson 1998; 
Seifert 2014; Gorman and Gorman 2021). 

Several recent studies have found that different topic areas typically require 
more or less familiarity with statistics. For example, Cushion et al. (2017) 
considered 21 different topics covered by the BBC. They found that less than 10% 
of stories on entertainment, sports, and crime contained statistics, while more than 
half of stories about the economy (75%), energy (59%), and social policy (54%) 
did. Sampling from a wide variety of US news sources through Google News, we 
found that economic and health reporting appeared to require audiences to engage 
in far more quantitative reasoning than did science and politics reporting (Voiklis 
et al. 2022).2  

Given these disparities, we were interested to see how news habits, particularly 
on the topic level, might correlate with quantitative reasoning, leading to the 
following research questions: 

RQ2: What patterns of news use can people be grouped into? 

                                                           
1 While Utts arrives at this point last, it is the basis for the other six concepts. 
2 We note that this data was not collected in the lead-up to an election, and that quantification in 
political news likely varies with the election cycle. 
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RQ3: To what extent do news habits predict QR, after controlling for 
individual differences (in education, math anxiety, need for closure)? 

Methods  
We developed a survey to explore the connection between quantitative reasoning 
skill, specifically the ability to interpret statistical results, and news habits. The 
survey was distributed to a sample of 1,200 US adults through the Prolific platform 
(www.prolific.co; Peer et al. 2017). Distribution through this platform allows 
polling of a representative sample based on age, gender, and race.3 

The amount of quantitative content presented in news stories varies between 
topics and outlets, largely depending on editorial policy. In order to estimate the 
amount of quantitative content adults had recently encountered in the news, we 
sampled stories from each outlet we asked about (see Assessing Quantification in 
News Outlets below for details). We hoped that doing so would allow us to assess 
whether people who rely on more quantitative outlets have stronger reasoning. 

We address our analytic methods in each of the three major results sections. 

Survey Instrument 
The survey contained five content modules. The first module assessed quantitative 
reasoning in contexts. The second and third modules measured two individual 
differences related to numbers and statistics: mathematical anxiety and the “need 
for (cognitive) closure” (Webster and Kruglanski 1994), which is a measure of 
uncertainty tolerance. We do not assume that these will moderate quantitative 
reasoning skill, but include them as covariates to account for any effect that may be 
present. The fourth module collected information about respondents’ news habits, 
and the fifth module included several demographic traits. 
 
News-related quantitative reasoning items. The first module of the survey was a 
multiple-choice assessment of how people question and interpret statistical content. 
Questions focused on concepts and inferences rather than calculation. We recognize 
that existing assessments of quantitative reasoning include calculations based on 
both graphs and written description, and that many everyday contexts require such 
calculations (for instance, working with proportions to adjust a recipe, or 
calculating the percent discount at a store). However, we chose to focus on 
inferences rather than numerical values, because we anticipate that news users draw 
conclusions based on what they read but are less likely to perform calculations. The 

                                                           
3 While online panels are not strictly random, the principles of informed consent assure that no 
sampling method can ever be fully random. 
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full text of questions and answer options, as well as percentage of respondents 
selecting each option, is available in the Appendix. 

We adapted several items of varying difficulty from Levels of Conceptual 
Understanding of Statistics (LOCUS), a well-established and highly reliable 
instrument designed for students in grades 6–12 (Whitaker et al. 2015). While we 
mainly chose items focused on interpreting results, we included one involving 
formulating questions, because thinking critically about quantitative news includes 
knowing what questions data can answer. LOCUS is based on the Guidelines for 
Assessment and Instruction in Statistics Education framework, which recognizes 
that “[e]very high school graduate should be able to use sound statistical reasoning 
to intelligently cope with the requirements of citizenship, employment, and family” 
(Franklin et al. 2007, 1). We created five additional questions based on statistician 
Jessica Utts’ (2003) summary of statistical knowledge required in everyday 
contexts, bringing the total number of assessment questions to ten. The two topics 
identified by Utts which we did not include were frequency of “unlikely” events 
and confusion of conditional probabilities with their inverse, because they were 
uncommon in our review of news content. 

Many of the incorrect answers to our quantitative reasoning items were 
designed to appeal to known heuristics biases. For example, we used language in 
wrong answers that both deliberately mirrored language in the question prompt and 
reflected participants’ likely personal experiences. 

We agree with Oughton (2018) that standardized formal assessments do not 
reflect everyday numeracy and share her cautions about the use of such 
assessments. However, we also believe that the questions in this assessment are 
quite similar to the types of inference that news users are expected to make on a 
regular basis. 
 
Affective variables. We expected that fear of numbers would make quantitative 
reasoning more difficult: although none of the assessment questions required 
calculations, most included specific numbers. To account for any such effect, we 
measured mathematical anxiety using Numerical Anxiety items from the Brief 
Version of the long-used and reliable Mathematics Anxiety Rating Scale (Suinn 
and Winston 2003; first developed by Richardson and Suinn 1972). We reduced 
the number of items based on the factor loadings in confirmatory factor analysis by 
Pletzer et. al. (2016) and chose the items most strongly related to Everyday 
Numerical Anxiety. Cronbach’s alpha for this reduced set of items was 0.78, 
indicating acceptable reliability, and PCA indicated that a single component 
described 60% of the variance in responses. 

Given that, by definition, much quantitative reasoning deals with real-world 
data, which is uncertain, (dis)comfort with ambiguity may also predict the extent 
to which audiences fully consider quantitative news content in their judgments and 
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decision-making. The “need for closure” measures five limiting factors on 
reasoning and judgment: people’s desire for predictability, preference for order and 
structure, discomfort with ambiguity, decisiveness, and close-mindedness (Roets et 
al. 2015). We used the well-established 15-item Need for Closure (NFC) scale 
(Roets and Van Hiel 2011; first developed by Webster and Kruglanski 1994) to 
measure this construct.  
 
News Practices. The News Practices module of the survey included items on 
frequency of use of different categories of news (such as Science & Technology, 
Politics, and Sports) and of news from specific outlets. We were mainly concerned 
with news users’ media repertoires—overall patterns of usage (Hasebrink and 
Domeyer 2012; Edgerly 2015; Swart et al. 2017)—rather than with their use of 
individual outlets or topics, but these specific items allowed us to cluster 
respondents into repertoires based on similar patterns of news use. And while 
people systematically over-report news habits in surveys (Prior 2009), surveys do 
give us a picture of norms and ideologies (cf. Gershon 2010). That is, by taking 
respondents’ self-reported news habits as a relative picture, we are still able to gain 
a sense of news repertoires (compare Edgerly 2015; Dvir-Gvirsman 2020). 

In order to investigate potential correlations between quantitative content of 
news and quantitative reasoning of news users, we needed to be able to sample 
news stories from the outlets from which respondents were consuming news. To 
simplify this task, we asked about news use from the 10 most popular news brands 
(Verto Analytics 2018), as well as the outlet represented by several authors. 
 
Demographics. Finally, we collected demographic data including level of 
education (which we expected to correlate with both news use choices and QR 
proficiency), urban/suburban/rural location, gender, and race/ethnicity. We were 
able to obtain data on participants’ ages from the panel provider. 

Participant Pool 
Participants were roughly evenly split between men and women (583 men, 604 
women, 18 non-binary respondents). Because of the way Prolific creates 
demographic subgroups for race (Prolific 2019), the sample was mostly consistent 
with US demographics but significantly undersampled people who identified as 
Hispanic/Latinx (only 69 respondents, or 6% of the total, whereas 18.7% of people 
in the United States identify as Hispanic/Latinx).  

Our respondents were somewhat more educated than the US population as a 
whole: the median respondent had a bachelor’s degree, which is only true of around 
32% of US adults 25 years or older (US Census Bureau 2021). 

Participants ranged in age from 19 to 91 years old, with a median age of 47. 
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In keeping with national statistics (Parker et al. 2018), around 50% of 
respondents lived in a suburban area, 30% in an urban area, and 20% in a rural one. 
Demographic tables are available in Supplement A. 

Assessing Quantification in News Outlets 
In order to understand the amount of quantitative content present in a “typical” 
news story from a given outlet, we sampled stories from five dates prior to the end 
of survey data collection, falling on different days of the week and separated in time 
for greater variety in topics. The survey was open from March 24–31, 2021; and 
stories were sampled from Friday, February 26; Monday, March 1; Thursday, 
March 11; Wednesday, March 17; and Friday, March 26. 

We originally planned to look at the 10 most-viewed stories from each outlet 
from each date, but we only received analytics data from one outlet. Instead, we 
used the Wayback Machine to access each of the other outlets’ homepages as they 
appeared on the five dates. Many news sites feature a list of “most viewed” stories, 
and where such a list was available, we included these stories in our sample. For 
outlets which did not provide this list, we examined the stories which were most 
prominently placed on the page (for instance, with a larger headline and visible 
without scrolling). Additional details are available in Supplement B. 

One researcher coded the sampled stories based on the types of quantitative 
reasoning required to fully understand the content presented. The set of five codes 
used is based on the components of statistical literacy proposed by Gal (2002), 
namely understanding why data is needed and how it is produced, basic descriptive 
statistics, figures and tables, probability, and inferential statistics. We build here on 
the coding system used by Voiklis et al. (2022; also Barchas-Lichtenstein et al. 
2022) to classify news stories; we clarified the criteria for assigning some codes 
and made it explicit that they build off one another. For instance, if a story requires 
understanding of probability, it is necessary for the reader to also understand basic 
descriptive statistics such as proportions and averages. The coding scheme is 
further described in Supplement B. 

The single researcher who did the coding was part of the original team who 
developed the coding scheme and established inter-rater reliability (Voiklis et al. 
2022). After establishing inter-rater reliability, it is common practice for a single 
coder to finish the job. 

Authorship 
The process by which authorship of collaborative work is determined is 
infrequently addressed as a methodological issue, but attribution is a critical 
element of just research practices. How much work is enough to be named as an 
author? Whose name appears first, and thus receives the lion’s share of the credit 
for a paper typically referenced as (first author) et al.? The Civic Laboratory for 
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Environmental Action Research (CLEAR) has developed a feminist approach to 
authorship decisions (Liboiron et al. 2017). Their process has three core features: 
(1) author order is determined by consensus; (2) they consider care work, 
administrative work, and other forms of labor that are frequently devalued by 
scholarly knowledge production; and (3) they account for social position. 

Keeping these three tenets in place, we modified this equity protocol as 
follows: the five Knology authors plus an additional Knology staff member 
participated in this process, and all other authors agreed with the ordering. Because 
Knology has historically used alphabetical order as a tiebreaker, and because no 
group of authors contained more than two people, we used reverse alphabetical 
order to disrupt this long-standing convention. 

Results: Performance on News-related Quantitative 
Reasoning Tasks  
As our quantitative reasoning assessment contained a combination of adapted 
LOCUS items and original questions based on common statistical misconceptions, 
it was important to check that the assessment was of appropriate difficulty. We 
expected the overall scores to be normally distributed and hoped that our original 
items would be comparable in difficulty to the LOCUS items. 

 

 
Figure 1. Distribution of assessment scores (n = 1207). This graph represents the number of correct 
answers on a ten-item multiple-choice assessment (see Appendix). 
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The average respondent correctly answered 5–6 out of the 10 assessment 
questions, and visual inspection shows that scores were normally distributed (see 
Fig. 1). Since the score data is not continuous, to test normality we compared the 
observed scores to a normal distribution with values rounded to the nearest integer, 
using a chi-squared test. This test failed to reject the hypothesis that the 
distributions were the same. The median score was 6 and the mean was 5.61, with 
a standard deviation of 1.94. We do not observe any floor or ceiling effects. 

Assessment questions varied in difficulty. Most (89.7%) respondents answered 
the easiest question correctly, while only one in four (25.4%) answered the hardest 
question correctly (see Fig. 2). Items adapted from LOCUS generally matched their 
assigned LOCUS difficulty (i.e., more people were able to correctly answer the 
items from lower LOCUS difficulty levels), providing evidence that our adapted 
items were equivalent to the original items. The difficulty of our original 
assessment questions generally fell between LOCUS Intermediate and Advanced 
levels, with the exception of one question with scores comparable to the Basic item. 
(Full items are available in the Appendix.) 

 

 
Figure 2. Assessment responses (n =1200–1207). Green bars indicate correct responses; purple, 
blue, and yellow bars indicate “distractor” options in order of how frequently they were selected. 
(That is, purple always indicates the most popular wrong answer and so on.) 
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For most questions, one incorrect (“distractor”) option accounted for the 
majority of incorrect answers. Examining these distractors hints at common 
statistical misconceptions among respondents. For instance, the most commonly 
chosen distractor for Significance, which required respondents to distinguish 
between statistical and practical significance of a result with a very small effect 
size, stated that “[Condition A] is much more relaxing than [Condition B], because 
the difference was statistically significant.” This is precisely the misunderstanding 
that Utts (2003) identified. 

We view QR as a collection of tools for interpreting quantitative content rather 
than a single skill. For instance, someone who understands that non-random 
sampling can lead to bias may not also know that an average value alone does not 
accurately describe a population or understand when it is appropriate to infer 
causation from data. However, having more of these skills will allow them to reason 
about a larger proportion of the quantitative content they encounter. 

The response data from our assessment shows that, as we expected, correctly 
answering any specific item is not strongly correlated with responses to others. 
Principal Components Analysis suggests that the response data could be explained 
by a model with three underlying factors, but items associated with the same factor 
in this model do not appear to be conceptually related. We focus our analysis on 
the overall assessment score and, to account for the relationships between items 
from different theoretical sources, on the sub-scores for the LOCUS-derived and 
Utts-derived items rather than attempting to treat QR as a psychometric construct. 
When examining sub-scores, we exclude one item (Significance) which was not at 
all correlated with the other Utts items. This item asked respondents to recognize 
that a very small difference stated to be statistically significant was not “significant” 
in the colloquial sense of the word. This was the most difficult of the Utts items 
that we created for the assessment, and less typical of the type of reasoning 
audiences would typically need to use when reading a news story, as non-specialist 
news outlets tend not to use the level of detail present in the item to report on 
scientific research. 

Results: News Use Patterns 
To solicit respondents’ news practices, we asked for the frequency with which they 
checked news in seven content categories (Sports, Science/Technology, Politics, 
Health, Entertainment, Education, and Business) and from eleven major outlets. As 
asking about specific categories for every outlet would have placed high time 
demands on respondents, we asked about topics and outlets in separate questions. 
We also expect that many respondents obtain news, and thus encounter quantitative 
content, from sources not included in the survey. 
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Most respondents consumed news at least occasionally from each of the 
categories we asked about (Fig. 3). Politics was the most common category, with 
around one-third of respondents reporting that they consumed Politics news daily. 
Sports was the only news category which a large proportion of respondents (35%) 
said they never checked. Most respondents (71%) reported getting news at least 
occasionally from one to five of the outlets listed. Breaking down responses by 
outlet, CNN and the New York Times were the most frequently checked news 
sources, but each was only used by around half of respondents. 

 

 
Figure 3. Frequency of news use reported for each topic and outlet (n = 1207). Colored bars indicate 
the number of respondents selecting each option.  

 
As respondents could identify a separate frequency of use for each of the 18 

category and outlet questions, it was necessary to reduce the dimensionality of the 
response set (that is, to describe the variation in responses using fewer variables) in 
order to identify patterns. This type of simplification starts with parallel analysis, 
which involves estimating (through comparison to simulated data) the number of 
principal components (summary variables) needed to capture variation in the data 
set, then Principal Components Analysis, which uses these components as a stand-
in for the high-dimensional original data. This analysis indicated that patterns of 
use across news outlets could be described by a single-component model. In other 
words, people checked news more or less frequently. We tested a higher-
dimensional model using three principal components but found that the additional 
variables loaded only on Sports and Entertainment, respectively, while the first 
component represented variation across all other topics. Similarly, we performed 
parallel analysis and PCA on the items about frequency of news consumption from 
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specific outlets, which indicated these responses could be represented well with a 
three-component model. 

To answer Research Questions 2 and 3, we needed to identify participants with 
similar news repertoires. To that end, we performed cluster analysis on the 
responses (see Fig. 4), using a model with three variables to represent news outlets 
used and one representing use of news across categories (overall news use).4  

 

 
Figure 4. Gap statistic for clustering models with 1 to 20 clusters. Dashed lines indicate values 
satisfying the gap heuristic for model selection. (n = 12 also satisfies the gap heuristic, but results 
in a more complex and less interpretable model.) 
 

Cluster analysis involves testing models which separate the data into different 
numbers of clusters (where distance between items in a cluster and the “center” of 
that cluster is minimized) and selecting a model which creates clusters that are well-
separated and interpretable. We used partitioning around medoids (Kaufman and 
Rousseeuw 1990), which is more robust than k-means clustering, and selected a 
model based on the gap heuristic (Tibshirani et al. 2001). This technique involves 
calculating a gap statistic describing the separation between clusters and choosing 
a value for which increasing the number of clusters does not result in a significantly 
higher gap. Figure 4 shows the values of the gap statistic for n = 1 to 20 clusters, 
with dashed lines indicating the first two values satisfying the gap heuristic. As a 

                                                           
4 Cluster analysis is not a single method but a family of methods. We used Gaussian Mixture 
Modeling (Fraley and Raftery 2002) as implemented by the pam R package. Mixture models 
assume the presence of sub-populations in the sample and estimate the probability distribution of 
the data for two or more possible sub-populations (for an accessible description see Harring and 
Hodis [2016]). 
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two-cluster model did not create easily interpretable groups of participants while 
the six-cluster solution did, we continued analysis using six clusters. 
 

Characteristics of Clusters 
 

Because each cluster represents a type of news repertoire, we describe them each 
here. Where they map fairly clearly to news repertoires described by other studies, 
we draw explicit parallels. (For example, our “outlet-loyal left” maps fairly closely 
to Edgerly’s (2015) “liberal + online” and our “outlet-loyal right” maps fairly 
closely to Edgerly’s “conservative only” clusters. While we did not ask about 
political ideology, the news repertoire itself shows considerable similarity.) To 
illustrate each cluster, we provide data from the “prototypical” respondent, that is, 
the respondent closest in Mahalanobis distance to the centroid of the cluster, based 
on the four variables in our model. 

 
Cluster 1: News Grazers (cf. Mitchell et al. 2017). One cluster consisted 
primarily of respondents who reported never or infrequently getting news from any 
of the listed outlets but who check news at least weekly across many of the listed 
topics (see Fig. 5). We acknowledge the possibility that the survey options did not 
include these respondents’ preferred news sources. 

 

 
Figure 5. Patterns of news use for News Grazers cluster (n = 265). 

 
The respondent closest to the centroid of this cluster reported checking Health 

news daily, Science/Tech several times a week, and Sports, Politics, and 
Entertainment once a week. They reported getting news from four outlets (CBS, 
New York Times, Washington Post, and USA Today), but each only “occasionally.”  
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Cluster 2: the Outlet-loyal Left (cf. Edgerly 2015). The second cluster contained 
people who tended to get news frequently from CNN, the New York Times, and/or 
the Washington Post (as well as, potentially, unlisted news sources). This group 
was more outlet-loyal than most others; that is, there were several outlets that nearly 
all of them viewed at least occasionally, while each of the other outlets we 
mentioned were used by less than half of the members of the cluster. While 96% of 
members of this cluster checked at least one of CNN, the New York Times, and the 
Washington Post once a week or more, 87% reported checking one several times a 
week or more (see Fig. 6). While these three sources are not the most left-leaning 
among the options we offered, this group was also the least likely to get news from 
FOX (only 7% mentioned using it at all, and none more than once a week), even 
compared to the “news avoiders” cluster (where 23% of respondents used FOX).  

 

 
Figure 6. Patterns of news use for Outlet-loyal Left cluster (n = 182). 

 
We label this group the “Outlet-loyal Left” because they roughly parallel 

Edgerly’s (2015) “liberal + online” cluster. Like Edgerly, we found that this cluster 
was better educated than our sample as a whole. The mean education level for the 
overall sample fell between associate and bachelor’s degrees (3.38, where 3 = 
associate and 4 = bachelor’s). For the group we called the outlet-loyal left, the 
education level was 3.87, a small deviation from the overall average (Cohen’s d = 
0.37). 

The “prototypical” respondent for this cluster encountered news from all 
categories at least “occasionally,” Health, Sports, and Science/Tech several times a 
week, and Politics daily. They got news from the Washington Post daily, PBS 
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NewsHour several times a week, Huffington Post once a week, and CNN and FOX 
occasionally.  
 
Cluster 3: Omnivores (cf. Edgerly 2015; Dvir-Gvirsman 2020). This group 
frequently used both video-focused and text-focused news sources, although 
members tended to use broadcast sources more frequently, particularly CNN, CBS, 
and MSNBC. 97% of cluster members used one or more of these outlets multiple 
times per week (see Fig. 7).  
 

 
Figure 7. Patterns of news use for Omnivores cluster (n = 225). 

 
The “prototypical” member got Sports, Science/Tech, Politics, and 

Entertainment news daily, and Health, Education, and Business news occasionally. 
Out of the provided options, they got news from only CBS, CNN, and the New York 
Times, but accessed news from all three sources daily. 
 
Cluster 4: News Avoiders (cf. Edgerly 2015; Dvir-Gvirsman 2020). Some 
respondents reported that they never, or only occasionally, consumed news in most 
of the category areas listed. The “prototypical” member of this cluster consumed 
Entertainment news daily and Sports, Science/Tech, and Politics occasionally, but 
out of the listed outlets only got news from CNN and did so only occasionally. 
Similar to Edgerly (2015), we found that this cluster was less educated than the 
sample as a whole. The average education level was 2.70 (between “some college” 
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and an associate degree), a medium deviation from the overall sample average of 
3.38 (Cohen’s d = -0.50), this cluster also contained nearly twice as many women 
as men, while Edgerly (2015) did not find a significant effect of gender for news 
avoiders (see Fig. 8). 
 

 
Figure 8. Patterns of news use for News Avoiders cluster (n = 207). 

 
Cluster 5: the Outlet-loyal Right (cf. Edgerly 2015). One cluster consisted of 
respondents who checked FOX News regularly. Most of these respondents (64%) 
did not report checking any of the print-first outlets listed even occasionally—they 
likely read news stories on sites or in newspapers not included in our survey. This 
group was also highly outlet-loyal, with high use of FOX (84% of cluster members 
used FOX multiple times per week) and relatively low use of most other sources 
listed.  

The “prototypical” respondent for this cluster got news from FOX daily and 
CNN several times a week. They looked at all news categories except 
Entertainment at least occasionally, but Politics was the only category they saw 
daily (see Fig. 9). 

 
Cluster 6: Business-focused news users. The final cluster identified consisted of 
respondents who checked news frequently across a wide variety of outlets, 
including Forbes and Business Insider. This was the only cluster where members 
checked these two business-oriented outlets regularly. This cluster was also better 
educated than our sample as a whole. Their average education level was 4.02 
(bachelor’s degree), a medium deviation from the overall average of 3.38 (Cohen’s 

d = 0.54). 
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Figure 9. Patterns of news use for the Outlet-loyal Right cluster (n = 172). 
 

The prototypical response for this cluster checked news from all categories at 
least occasionally, and Politics and Business news daily. They got news from CBS, 
CNN, Business Insider, and Forbes several times a week, and from PBS NewsHour, 
the New York Times, and the Washington Post once a week (see Fig. 10). 
 
 

 
Figure 10. Patterns of news use for the Business-focused cluster (n = 156). 
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Results: Relationship between News Habits and 
Quantitative Reasoning 
People with stronger or weaker quantitative skills might cultivate news habits that 
match their skill level. It is equally possible that people’s news habits might 
encourage stronger or weaker quantitative skills. In either case, it would be 
informative to assess the extent to which news habits align with quantitative 
reasoning skills. The strength of the relationship would justify further exploration 
to assess causality. 

Predictive Value of News Repertoires 
We examined a series of linear models predicting scores on the news-related 
Quantitative Reasoning (QR) assessment based on demographic factors including 
gender, ethnicity, and education level, as well as normalized scores on the Need for 
Closure and Math Anxiety scales (Table 1).5 If ethnicity and gender affect 
quantitative reasoning, it is likely through a complex set of structural and 
interpersonal pathways colloquially summarized as “privilege” (see, e.g., Martin et 
al. 2010).  Functionally, we transform these into binary variables—white privilege 
and male privilege—where the group most likely to benefit from privilege is 
compared to other groups. The full range of options and number of respondents 
selecting each option are reported in Supplement A. Given that scores on the 
LOCUS and Utts-derived sets of questions were moderately correlated, we used a 
multivariate analysis of co-variance (MANCOVA) model to look at the overall 
effect of news repertoires on both subscores while accounting for demographic 
factors and individual differences. As noted in Methods, we have reason to believe 
these covariates could affect quantitative reasoning, but they are not the primary 
focus of our research questions. Follow-up ANCOVA models looking at the 
LOCUS and Utts subscores individually are available in Supplement C. 

We found that a model which includes the interaction of news repertoire (i.e., 
the clusters described above) with education gives the best fit, as measured by 
residual sum of squares. Repertoire had the largest effect of all covariates (partial 
η2 = 0.02). Partial η2 is a measure of effect size typically used for (M)AN(C)OVA 
models and represents the percent of total variance explained by an independent 
variable. A value of 0.01 is considered a small effect, 0.06 a medium effect, and 
0.14 a large effect (Maher et al. 2013).  

As expected, higher normed scores on Need for Closure and Math Anxiety 
were associated with lower scores on the assessment. Also, a higher education level 
(represented  as an  ordered factor  ranging from “high school or less” to  “doctorate,  

                                                           
5 PCA was used to return scores that approximate a z-scale, mean approximately 0, and standard 
deviation approximately 1. 
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Table 1 
Analysis of Co-variance Model Showing Effect of Variables on QR Scores. 
 Partial η2 df F p 

Male Privilege 0.002 2 1.398 0.074 

White Privilege 0.017 2 10.598 <0.001 

Education 0.018 2 11.043 <0.001 

Math Anxiety 0.016 2 9.711 <0.001 

Need for Closure 0.004 2 2.103 0.045 

Repertoire (Cluster) 0.020 10 4.972 <0.001 

Education x Repertoire 0.013 10 3.063 0.004 

Residuals 0.909 1189   

 
law, or medical degree”) was associated with higher scores. However, all these 
effects were small. In total, this model explained approximately 9% of variance in 
QR scores.  

As this initial analysis suggested that there were differences between QR 
scores of certain repertoire groups, we conducted post-hoc testing using the 
multcomp R package (Bretz et al. 2010), which incorporates adjustments for 
multiple comparisons. We found the following statistically significant differences 
between clusters, accounting for covariates: 

 

• Looking at overall QR scores: 
o The Outlet-loyal Left cluster scored higher (covariate-adjusted mean of 6.36) than any 

other cluster. 
o The Business-focused (5.76) and Grazers (5.79) clusters scored higher than the Outlet-

loyal Right cluster (5.15). 
• On the LOCUS subscale: 

o The Outlet-loyal Left cluster (covariate-adjusted mean of 3.18) outperformed all other 
clusters except Grazers.  

o The Grazers cluster (2.86) outperformed the Outlet-loyal Right cluster (2.47). 
• On the Utts subscale: 

o The Outlet-loyal Left (covariate-adjusted mean of 3.18) and Business-focused (3.05) 
outperformed the Outlet-loyal Right (2.68) cluster.  

 

While not all pairs of clusters had statistically significant differences, the 
overall pattern in scores was that the Outlet-loyal Left cluster scored highest, 
followed by the Grazers and Business-focused clusters, then Omnivores and 
Avoiders, with the Outlet-loyal Right cluster scoring lowest. A similar pattern was 
present when looking at LOCUS or Utts subsets of questions. Figure 11 illustrates 
the covariate-adjusted means for each cluster for overall score across both subsets. 
We provide this information as a graph rather than a table to make confidence 
intervals more readily visible. 
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Figure 11. Mean score by cluster, adjusted for covariates. The Outlet-loyal Left cluster had 
significantly higher scores than all other clusters, and the Grazers and Business-focused clusters 
scored significantly higher than the Outlet-loyal Right. 

Predictive Value of Amount of Quantification in Outlets  
We assigned quantification scores to outlets based on the average number of QR 
content codes (Data Why and How, Descriptive Statistics, Graphics and Tables, 
Probability, and Inferential Statistics) assigned to sampled stories from the outlet. 
As news stories could receive all, some, or none of these codes, the score for each 
story could fall between 0 and 5. Mean scores for each outlet varied from 1.06 
(FOX) to 2.48 (New York Times). Notably, FOX, Huffington Post, and MSNBC 
were on average less QR-heavy than other outlets. The mean score for each outlet 
is available in Supplement B. 

We then weighted the quantification score for each outlet with respondents’ 
reported frequency of use for the outlet to generate an individual score for each 
respondent, indicating the extent to which they would encounter the need for QR 
during news use. The first weighting scheme we tested assigned outlet weights 
proportional to the approximate number of times in a week someone reported using 
the outlet (e.g., 0.5 for “occasionally,” 7 for “daily”). In this model, an individual’s 
“QR Use” score did not predict QR assessment scores, and its interaction with 
Education had a near-zero explanatory effect (0.1% of total variance). 

Taking into account the conclusion of Prior (2009) that self-reports of news 
use result in overestimates, we also tested a model where we weighted the news use 
frequency responses as simply levels from “occasionally” (1) to “daily” (4). In this 
model, an individual’s “QR Use” score explained only 0.4% of total QR assessment 
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score variance. The interaction term with Education explained only 0.7% of 
variance. MANCOVA tables for both models are available in Supplement C. 

Put simply, the amount of quantification in news outlets that individuals use 
was not particularly useful for predicting their QR assessment scores. We note 
several limitations of our approach: even if respondents accurately reported their 
frequency of use for a given news outlet, this would not tell us how much news 
they look at each time. For instance, someone might watch a 60-minute news 
broadcast once a week, while another person might scan the headlines on an outlet’s 
website every day but only occasionally click through to read a full story. Similarly, 
people who use a given outlet may do so for specific types of coverage—perhaps 
someone reads USA Today only for entertainment news, while checking a different 
outlet for political coverage. In this case, they would encounter very light QR 
demands from their use of USA Today, which would not be accounted for in our 
analysis. Asking about use frequency for each combination of category and outlet 
would have placed undue burden on survey respondents, and potentially introduce 
more error due to inaccurate estimates of news use. 

Discussion and Conclusions 
This study aimed to test the common assumption that people’s news habits and 
repertoires are related to their ability with numbers. We did so as part of a 
collaboration between journalists and social scientists to support this reasoning 
through the news. We found that the relationship may not be as direct as previously 
assumed. 

RQ1: What differences in quantitative reasoning (QR) can be detected among 
adults? 

The results on our 10-item quantitative reasoning questionnaire successfully 
differentiate adults’ ability to interpret and reason with the types of numbers that 
appear frequently in news stories. We caution that participants in our study were, 
on average, more educated than the overall US population, so the distribution of 
scores may not represent the news-related QR skills of US adults as a whole. 

RQ2: What patterns of news use can people be grouped into? 
Based on a relatively brief set of items on news topics and outlets, this study 

found that adults’ news repertoires can be categorized into six groups, which we 
label based on their most salient features: News Grazers, the Outlet-loyal Left, 
Omnivores, News Avoiders, the Outlet-loyal Right, and Business-focused news 
users. These repertoires are similar to those identified in studies using different 
methods and different questions (e.g., Edgerly 2015; Dvir-Gvirsman 2020).  

However, in order to more fruitfully compare the news habits of audiences 
across different contexts, we see a need for future research that can tie together the 
many strands of research on media repertoires. Scholars have segmented repertoires 
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along a range of criteria, including outlets (present study), topics (present study), 
medium (Edgerly 2015; Swart et al. 2017), ideological orientation (Edgerly 2015), 
social media sharing behaviors (Dvir-Gvirsman 2020), geographic focus (Swart et 
al. 2017), reasons to use news (Swart et al. 2017), and reasons to consider news 
important (Swart et al. 2017). We hope researchers interested in news repertoires 
will continue to refine the concept and identify the criteria that matter most broadly. 
We also encourage researchers in this vein to recognize that “news” may not be a 
natural category for users (cf. Armstrong et al. 2015), and to think about 
information sourcing more broadly. 

RQ3: To what extent do news habits predict QR, after controlling for 
individual differences (in education, math anxiety, need for closure)? 

The segmentation described above (i.e., news repertoire) was the variable we 
considered that explained the largest amount of variance in QR. However, it still 
explained only about 2% of variance, with 7% of additional variance explained by 
our model. Four variables (the interaction between education and news repertoire, 
math anxiety, education by itself, and whiteness) all contributed to the model, while 
need for closure—often conceptualized as discomfort with uncertainty—

contributed very little. Furthermore, knowing how much quantification was 
available in different outlets explained less variability than the repertoires alone. 

There are two potential reasons for this result. Perhaps a different way of 
operationalizing repertoires or quantification in news sources would identify far 
more variance in QR scores. The literature on news repertoires has not previously 
considered relationships to quantitative content and quantitative reasoning, but it 
may also simply be the case that exposure to quantification in news sources is far 
less critical to adults’ QR than the field has long assumed.  

We speculate that at least three other factors may affect adults’ QR. First, the 
presence (or absence) of quantification in everyday activities may be a better 
predictor of adults’ quantitative reasoning. Many jobs that do not require high levels 
of formal education still have high QR demands. For example, grocers need to 
estimate how much milk to order based on estimated demand and supply chain 
factors, and farmers need to plan what to plant when based on current and projected 
weather conditions, as well as estimated demand for various agricultural products. 
Everyday activities also include hobbies: for example, we would expect that fans 
of tabletop role-playing games should be well-acquainted with basic probability.  

Additional characteristics of news habits may also be germane. Who do people 
discuss news with? Those conversations play a considerable role in sense-making, 
and we simply do not know how they impact QR. How deeply people engage with 
news statistics and graphics is another variable. Two authors of this paper are 
currently conducting a series of focus groups with adults across the QR spectrum. 
We have consistently seen that, given enough time, adults can identify the central 
argument of even highly complex graphics. However, participants have also 
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consistently said that they would spend far less time considering images if they 
encountered them on their own.  

Finally, there may be an affective dimension to quantitative reasoning that 
deserves further consideration. Beyond anxiety, adults may have a range of 
affective responses toward math and quantification, and those who find math 
difficult may equally react with skepticism or with uncritical trust in numbers. 
Perceived relevance and strength of preconceptions about a particular topic may 
also influence quantitative reasoning in keeping with research on confirmation bias. 

While adults are frequently exposed to quantitative content in news, this study 
calls into question whether that exposure affects their QR skills. News providers 
should be aware that their audiences span a wide range of quantitative ability, even 
if they target a specific level. We hope to see further exploration of the factors 
associated with QR skills in adults, and how non-education-focused activities such 
as engagement with news can best support the development of these skills. 
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Appendix: Quantitative Reasoning Items 
Participants saw the following items, and the answer choices for each item, in 
random order. We have ordered them here from easiest to most difficult, as 
measured by the number of correct responses. The correct answer is highlighted. 

 

Variability1, Based on Utts’ “Variability Is Normal” 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

Many research studies have found that smoking cigarettes causes lung cancer. 
However, Chris has an uncle who smoked from age 16 to age 98 and died peacefully 
in his sleep. Which of the following is true? 

 
Answer Text % Selected 
Research studies cannot tell us very much about specific individuals. 90% 
Chris is less likely to get lung cancer than other smokers. 6% 
Those research studies cannot be trusted. 2% 
Chris is more likely to get lung cancer than other smokers. 2% 

 

Causation1, LOCUS Basic Item  
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A recent study on habits of adolescents and younger adults reported that 
adolescent boys typically watch 2 hours more TV per week than girls, and younger 
adult men typically watch 4 hours more TV per week than younger adult women. 
Based on these data, can we conclude that middle-aged men typically watch 6 hours 
more TV per week than middle-aged women? 

 
Answer Text % Selected 
No, because data were not collected from middle-aged adults. 86% 
Yes, it is reasonable to predict TV habits of middle-aged adults from younger adults. 8% 
Yes, because 6 hours is the next number in the pattern. 4% 
No, because middle-aged adults can afford other entertainment and don’t watch as much TV. 3% 

 

SpuriousCorrelation, Based on Utts’ Correlation/Causation  
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

School officials are considering methods to prevent bullying. Researchers 
found that bullying incidents often spike on days when students wear their school 
colors. There are several occasions when students wear their school colors 
including field trips, school assemblies, fund raising drives, game days with rival 
schools, among others. The principal bans the wearing of school colors, but 
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researchers found that the spikes in bullying incidents continue. Which of the 
following do you think is the most likely reason the ban failed to prevent bullying? 

 
Answer Text % Selected 
The spikes in bullying are likely because of the occasions for wearing school colors 

rather than simply wearing the colors. 
64% 

Students can always find something else to bully each other about. 30% 
The students resent the banning of school colors and, so, continue to bully each other. 4% 
The bullies likely come from the rival schools. 2% 

 

Causation2, LOCUS Intermediate Item  
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A study was conducted to investigate whether washing with soap and water or 
using hand sanitizer removes more bacteria from a person’s hands. Volunteers were 
recruited from a community center and randomly assigned to a group that washed 
their hands with soap and water or to a group that used hand sanitizer. When they 
were finished, each volunteer pressed his or her hands into specially prepared petri 
dishes. After several days, the number of bacteria colonies was counted on each 
petri dish. Which of the following statements best describes the random assignment 
in this study? 

 
Answer Text % Selected 
The random assignment was important because it tends to create groups that are similar with 

respect to other variables that might affect bacteria growth. 
60% 

The random assignment was important so that these results could be applied to all community 

center users. 
28% 

Including random assignment was incorrect because people should be divided into the two groups 

based on their usual method of cleaning their hands. 
10% 

The random assignment was unnecessary because using volunteers makes the study worthless. 2% 
 

NotSignificant, Based on Utts’ “Absence of Significance” 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A study of 201 American adults found that they checked personal email on 
weekdays more often than on weekend days, but this result was not statistically 
significant. Which of the following conclusions is valid? 

 
Answer Text % Selected 
There might be a difference in how many times adults check their email on weekends and 

weekdays, but we can’t tell from this study. 
57% 

On average, American adults check their email more often on weekdays than weekend days. 31% 
On average, American adults check their email the same amount on weekdays and weekend days. 9% 
The study was not conducted correctly. 3% 
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Variability2, LOCUS Advanced Item 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A survey of 625 randomly selected people was conducted to determine their 
opinion about music. The survey reported that 36 percent of the people surveyed 
preferred country/western music. The survey estimate had a margin of error of 4 
percentage points. A margin of error is reported because … 

 
Answer Text % Selected 
Sample proportions vary from sample to sample. 54% 
The people doing the survey may have recorded results incorrectly. 19% 
People may misunderstand the survey questions. 18% 
People may intentionally respond incorrectly. 9% 

 

Bias, LOCUS Intermediate Item/Utts' “Sources of Bias” 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A committee of 27 neighbors wants to estimate the proportion of eligible voters 
in their school district who intend to vote in the upcoming school board election. 
They decide to base their estimate on 270 eligible voters. Which of the following 
plans would allow the committee to generalize from these 270 people to the 
population of all eligible voters? 

 
Answer Text % Selected 
Mail surveys to 270 randomly selected eligible voters and follow-up with those who do not 

respond. 
51% 

Mail surveys to all eligible voters and take the first 270 who respond. 28% 
Have each of the 27 neighbors randomly select 10 neighbors to participate in the survey. 12% 
Survey 270 people visiting a local grocery store on the Saturday before the election. 10% 

 

Variability3, Utts’ “Variability Is Normal” 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A library surveyed 452 members and reported that they read 200 pages per 
week on average. Pat is a member of this library and reads, on average, 100 pages 
per week. Which of the following pieces of information would allow you to 
determine whether Pat’s behavior is typical of this library’s members? 
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Answer Text % Selected 
No additional information is needed, because Pat reads half as many pages as the average library 

member. 
46% 

How much the number of pages read varied between the members surveyed. 42% 
How many total members the library has. 7% 
How much Pat enjoys reading. 5% 

 

Significance, Utts’ “Statistical/Practical Significance” 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

In a study, 2352 randomly selected adults were shown a picture of either a goat 
or a cat and asked how relaxed they felt. On a scale of 1 (Extremely tense) to 7 
(Extremely relaxed), the average rating for cats was 5.68 and the average rating for 
goats was 5.57. The researchers determined this difference to be statistically 
significant. Which of the following is a valid conclusion? 

  
Answer Text % Selected 
For practical purposes both pictures are about equally relaxing, because the difference in ratings 

was small. 
39% 

The picture of a cat is much more relaxing than the picture of a goat, because the difference in 
ratings was statistically significant. 

34% 

The results were not actually statistically significant, because the difference in ratings was small. 19% 
No conclusions can be drawn, because the difference in ratings might be a coincidence. 7% 

 

Causation3, LOCUS Advanced Item 
 

Please read about a research study and answer the question by choosing the option 
that makes sense to you. 

A 13-year study of 1328 adults randomly selected from a population carefully 
monitored the personal habits and health conditions of participants. Personal habits 
included tobacco use and coffee consumption. Health conditions included 
incidence of stroke. Which of the following questions about this population 
CANNOT be answered using data from this study? 

 
Answer Text % Selected 
What percentage of the population are coffee drinkers? 43% 
Does coffee consumption cause a reduction in the incidence of stroke? 25% 
Are coffee drinkers more likely to smoke than adults who do not drink coffee? 23% 
Do coffee drinkers have fewer strokes than adults who do not drink coffee? 8% 
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