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Learning Performance: Students will analyze five different approaches to evaluating the reproducibility of a scientific 

study to determine how experimental design can affect the validity and reliability of data collection, and to recognize 

patterns in the characteristics of certain studies that affect their integrity and reproducibility. 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 
Investigations (SEP3) 
Plan and conduct an investigation to produce 
data to serve as the basis for evidence, and in 
the design: decide on types, how much, and 
accuracy of data needed to produce reliable 
measurements and consider limitation of the 
precision of the data (e.g., number of trials, 
cost, risk, time), and refine the design 
accordingly. 

 
Analyzing and Interpreting Data 
(SEP4) 
Analyze data using tools, technologies, and/or 
models (e.g. computational, mathematics) in 
order to make valid and reliable scientific 
claims or determine an optimal design 
solution. 

ETS1.B: Developing Possible 
Solutions 
When evaluating solutions, it is important to 
take into account a range of constraints, 
including cost, safety, reliability, and 
aesthetics, and to consider social, cultural, 
and environmental impacts. 

 
ETS1.C: Optimizing the Design 
Solution 
Criteria may need to be broken down into 
simpler ones that can be approached 
systematically, and decisions about the 
priority of certain criteria over others (trade-
offs) may be needed. 

 

Patterns 
Students observe patterns in systems at 
different scales and cite them as evidence for 
causality; they use mathematical 
representations to identify and analyze 
patterns. 

 
Cause and Effect 
Students understand that empirical evidence 
is required to differentiate between causation 
and correlation, and can make claims about 
specific causes and effects. 
 

 

 

Common Core State Standards Statistics and Probability 

Making Inferences & Justifying Conclusions 

IC.A.2 
Decide if a specified model is consistent with results from a given data-generating process, e.g. using simulation. 

 
IC.B.3 
Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates 
to each. 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

AP Science Standards 

AP Science Practices 

Science Practice 4 (SP4) 
The student can plan and implement data collection strategies appropriate to a particular scientific question. 
 

Science Practice 5 (SP5) 
The student can perform data analysis and evaluation of evidence. 

 

 



 
 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to apply the process of science 
Understand the process of science and how scientists construct new 
knowledge by formulating hypotheses and then testing them against 
experimental and observational data 

 
Ability to use modeling and simulation 
Use mathematical modeling and simulation tools to describe complex 
living systems 
 

Ability to understand the relationship between science 
and society 
Evaluate the impact of scientific discoveries on society, as well as the 
ethical implications of research 

Science is a Human Endeavor 
Scientific knowledge is a result of human endeavor, imagination, and 
creativity. Scientists’ backgrounds, theoretical commitments, and 
fields of endeavor influence the nature of their findings. Science and 
engineering are influenced by society and society is influenced by 
science and engineering. 
 

Scientific Knowledge is Open to Revision in Light of New 
Evidence 
Scientific knowledge is subject to change based on new evidence 
and/or reinterpretation of existing evidence. Scientific argumentation 
is a mode of logical discourse used to clarify the strength of 
relationships between ideas and evidence that may result in revision 
of an explanation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Article summary (recommended for educator use only) 

Reproducibility, the ability to replicate the effect of an experiment, is an important feature of science. Successful 

replication indicates that a previous finding is not just a “fluke,” but that it is reliable and that future research could build 

on this effect. However, little attention and resources has previously been devoted to conducting replication studies 

because they are difficult to fund and seen as less interesting than novel discoveries. During a general awakening to the 

previously neglected importance of replications, the Open Science Collaboration initiated a large-scale assessment of the 

reproducibility of recent psychological research. This paper sets out to determine how many of a set of 100 

psychological studies would successfully replicate an originally published effect. Moreover, the paper explores whether 

there are systematic differences between studies that could or could not be replicated. 

The authors of this paper demonstrated five different methods to replicate the effect of an experiment. They found that, 

in most cases, the effect reported in the original study was larger than the effect in the replication study. They did not 

find any indication of a connection between the replication team and success of the replication, but they did find that 

systematic differences in studies affected whether they could be replicated. In particular, studies which reported 

stronger evidence and had less surprising results were successfully replicated more often. This suggests that some types 

of studies warrant more consideration for replication. 

Importance of this research 

This study explores issues surrounding the replicability of psychological studies (with implications for all disciplines). It 

signals opportunities for taking action to improve ethical and reliable research practices. The results of this study open 

the door to further exploring a systematic approach to reproducibility and scientific integrity. 

Experimental methods 

• A variety of experimental methods, depending on the study (these were not reported in the actual paper) 

• Comparison of means with Wilcoxon’s signed-rank test  

• Comparison of effect sizes with confidence intervals 

• Meta-analytic methods and statistical correlations 

 

 

 

 

 

 

 

 



 
 
Conclusions 

• There are many ways to determine successful replication: The authors demonstrated five different methods to 

assess if an effect was replicated, and they argue that other methods should also be possible.  

• Original studies provided stronger evidence for their reported effects than replication studies did. This suggests 

that some original research may overestimate effects. 

• Meticulously prepared replication protocols and the auditing of replication attempts was sufficient to control for 

confounding influences such as differences in replication teams. 

• There were systematic differences between studies that were successfully replicated and those that weren’t. 

Studies that originally provided much stronger evidence and were less surprising were successfully replicated 

more often. This suggests that some types of studies should be considered more strongly for replicability before 

future research is built on them. 

• Failed replications are a natural part of the scientific process. Any time new ideas are explored, some of them 

will inevitably be wrong. Replicability is one way to ensure that future research is built on a solid, reliable 

foundation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Learning Performance: Students will analyze five different approaches to evaluating the reproducibility of a scientific 

study to determine how experimental design can affect the validity and reliability of data collection, and to recognize 

patterns in the characteristics of certain studies that affect their integrity and reproducibility. 

Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

RST.9-10.2 
RST.11-12.2 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions, 
and reflect on the statement that scientific knowledge is a “community effort.” 
 
 

Patterns 
RST.9-10.8 
RST.11-12.8 
Nature of Science 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories 
on the article.  
 
 

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 
Nature of Science 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, 
if appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 
 

 
 
SEP3 
ETS1.B  
SP4 
 

The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 

 
SEP4 
ETS1.C 
SP5 
Nature of Science 

 

 

 

 

 

 



 
 

1. What can we learn by investigating the reproducibility of a research study, and 
why is it important to think about these things? 

SEP3 
ETS1.C 
Patterns  
SP4 
IC.A.2 
Nature of Science 
 

2. Which of the five approaches covered in this paper do you think was most 
appropriate? Why?  
 

SEP3 
ETS1.B  
SP5 
IC.B.3 
 
 
 

3. Are the findings of this paper unwelcome news for psychological researchers? 
Why? Is it possible to say? 
 
 

Nature of Science 
 
 

4. What are some good practices researchers can adopt to help make their 
experiments more reproducible? 

SEP3 
ETS1.B 
Cause and Effect 
SP4 
 
 

5. What can institutions like scientific journals and funding agencies do to make 
research better? 
 

 

Nature of Science 
 

6. What are some of the factors that would motivate a researcher to use methods 
that might compromise the reproducibility of their results? 

Nature of Science 
 
 

 


