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Cognitive Challenges of Scientific Inference

Study 1: Reliability of Evidence (Brown, 2019) Study 2: Scope of Inference (Fry, 2017)

Scientists must incorporate both the reliability of evidence and the scope of

inference, yet both are complex phenomena that can be difficult to understand. | | As sample.si.ze.increases, we grow more certain According to statistics education recommendations (e.g.,
In one year, which hospitaldo  that a statistic is close to the population value. This y Utts, 2003), students should understand:
m:’he;;fgg fzahnaggg’ggegfys fundamental principle is called the Empirical Law of Population ' ’ . _
Difficulties with reliability of evidence o DOys: Large Numbers (Freudenthal, 1972) * | = Random sampling tends to produce representative

 The larger hospital : .« .. :
= Tversky & Kahneman (1971) found quantitative psychologists vastly overestimated e The smaller hospital Common confusions include: Samp|eS, aIIowmg for generallzatlon to a populatlon.

replicability of findings from small studies o About the SAME wamemans nersy, 1972 e ( ) = Random assignment tends to balance out

= lgnoring sample size, believing that similarity to Sampling Inference . . ,
. | confounding variables between groups, helping to

= Underpowered studies lead to many “voodoo correlations” (Fiedler, 2011) being .
population is only factor

reported in the literature 15 babies per day

ge
: 705 0 84% 16% . . . . . - - I
= Adults frequently neglect sample size (see Lem et al., 2011), which statistical = : = Confusing frequency and sampling distributions enable cause-and-effect conclusions.
training reduces but does not eliminate (e.g., Fong, Krantz, & Nisbett, 1986) go ‘ = Attending more to the ratio of the sample to the Students have difficulties such as:
opulation size * : :
e , — I oo PP * Confusion between random sampling and
Difficulties with scope of inference @) m s b b hwsws s w s s Priorinterventions: :
5 5 I 5 1 wh dv d © % Boys ' random assignment (Derry et al., 2000)
= Introductory statistics students struggle to understand when study design warrants o . . . :
generalizing to a population or concluding causation (e.g., Derry et al., 2000) LT gi5 babies per (.;J%ay Rim%n;trate that sample size is responsive to - Disbelief that random assignment can help

= News media reporting on research routinely overgeneralizes and adds enable causal claims (Sawilowsky, 2004)

inappropriate causal attributions (Schield, 2010)

= Rely on learning a rule (rong, krantz, & Nisbett, 1986) and/or

inferring a principle from demonstrations (chance,
delMas & Garfield, 2004; SedIlmeier, 1999)

Ny * Believing that larger samples are always
ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ better than smaller samples, regardless of
method (Wagler & Wagler, 2013)

= Scientists face many cognitive biases (Nuzzo, 2015) and overstate their own
findings (see Utts, 2003)

" Do not support students in exploring the
mechanisms of power and precision

Statistics education research can contribute to metascience’s investigation of how
scientists interpret and treat evidence:

= Students face unique challenges in learning statistics that require specialized Growing Certain: a series of activities to provide support for

Two-and-a-half week Study Design unit implemented in undergraduate

pedagogical research (Garfield & Ben-2vi, 2007) understanding mechanisms of power and precision introductory statistics course
= Statistics education research provides perspectives on students’ understanding at . . _
all levels, from kindergarten to the workforce Prlmary Conceptua| targets: 100/ Value a Convenience samples, n = 20 Random samples, n =10 Sampllng and bias: Students
oy L]0 H1 20 :
= Our studies of introductory college statistics’ students understanding can Swamping: 80 1 ‘ "y = Population mean _ — 71.08 compare samF)Ie means from
illuminate the challenges in conceptualizing and adequately addressing threats to * means of large samples are less § 50 . life expectancy , larger convenience samples
internal and external validity. influenced by extreme values than e 2 , 8 - o @ . ° (biased method), to sample
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Statistics educators increasingly use simulation and resampling techniques to teach , , A , : °- o
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examlne perm UtatIOnS to balance d'fferences IN Diffrence_in_average_height Diﬂerence_in_pﬂet_with_gen
= Simulation, bootstrap resampling, and rerandomization may help students focus Q] coeen ®)-0-» EEEZEEY | | cee -0 - [8= € 7]E1]

confounding variables

on the unified logic of the sampling distribution (Cobb, 2007) Participants were 5 volunteer

introductory statistics students, who
participated in 6 videorecorded hours of
clinical interviews. One focal participant

was coded for mechanistic reasoning (Russ et
al. 2008)

* One activity specifically designed to have students carry out both random sampling and
random assignment, and distinguish between purposes of each

* Pretest/posttest taken by n = 125 students, qualitative data analysis of group quizzes and
individual homework assignments

= Displaying uncertainty via concrete realizations of a stochastic process may map on

to human cognitive faculties more naturally than abstract distributions (Gigerenzer
& Hoffrage, 1995; Hullman et al., 2015)

= Simulation-based introductory statistics curricula have some evidence of providing
advantages in student understanding and outcomes (Tintle et al., 2012)

Example simulation-based activity (from Zieffler et al., 2017) Nearly all students successfully used swamping _ : Overall, evidence of gains in learning goals Sample item showing some evidence of
ing b lication d ded Post: Hospital , ,
N 20071 1 1 2 reasoning, but application depended on context Esp  Sample related to study design and conclusions, lingering confusion between random
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provide evidence that infants notice = - - * Correlation does not imply causation . o

and prefer the “Helper”? 3 hypothesized value, meant a larger sample sample : . randomly selected adults in the United
' oA Hindereelper > . size was needed caLRes A small, but noticeable portion of students States and found a strong, positive,
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