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1. Describe the difference between habit, dependence, and addiction. Who 
decides the definitions of these terms? What are the implications for those 
decisions (i.e. in healthcare, society, etc.)? 
 
 

LEARNING STANDARDS 
 
SEP8 
Nature of Science 
 

2. About 94% of cocaine use disorder (CUD) patients reported that they also 
smoke tobacco. Could this have impacted the results of this study? In what 
way? 
 
 
 

SEP1 
SP3 
EK4.C.4 
Nature of Science 
 

3. Maladaptive behaviors are those that develop as a way to respond to the 
environment, but that end up causing harm. What are some examples of these 
behaviors? What are some of the ways these behaviors might develop? 
 
 

LS3.B  
Cause and Effect 
EK1.B.1 
EK4.C.4 
 
 

4. Why did the authors use skin conductance to measure avoidance response? 
What is it about skin conductance that allowed them to do this? What are 
some of the limitations of this method? 
 
 

SEP1 
SP3 
 
 

5. What is the relationship between stimulus, behavior, and outcome? What is 
the importance of this relationship in the context of the current study? What is 
the importance for humans more generally? 
 
 

 

SP3 
Cause and Effect 

6. The authors suggest that treatment for cocaine addiction should focus on 
training desirable habits to replace drug-taking habits, paired with protecting 
CUD patients from negative consequences that they may not be able to avoid. 
Describe such a treatment plan and discuss how you could test how effective it 
is. 

SEP1 
SP3 
Patterns 
Nature of Science 
 

 

 

 

 

 

 



 
 

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

LEARNING STANDARDS 
 
RST.9-10.2 
RST.11-12.2 
Nature of Science 

Locating the 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.” 
 

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

Design a follow-up study 
 
Students identify two or three things that the authors did not assess or questions that 
remain unanswered in this study and design a plan to answer one of these questions in 
a follow-up study. Some questions to consider: What experiments will you conduct to 
collect this information and how will this information improve treatment for CUD 
patients. Determine how your findings will add to the Ershe et al. (2016) study. 
  

SEP1 
RST.11-12.2 
SP3 
 

Science in the news 
 
Students explore news stories in the Related Resources tab of the annotated paper 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.11-12.8 

Results and conclusions 
 
Students diagram each of the examples presented in the study. They may consult other 
visuals and diagrams that have been produced to explain relativity theory (some of 
which are linked in the Related Resources tab of the annotated paper). 
 

SEP8 
SP6 
SP7 
Nature of Science 



 
 

Article summary (recommended for educator use only) 

Patients with cocaine use disorder (CUD) struggle to change their behaviors despite the negative effects they may have 

(on patients’ health, social life, finances, employment, etc.). In this study, the authors used a series of trials to explore 

how cocaine addiction can affect the balance between the “goal-directedness” and habitualness of a behavior. They 

found that training addicted patients to associate a specific stimulus with an outcome led to improvements in the 

response rate to particular stimuli. However, CUD patients’ responses did not change significantly even when the reward 

was removed. The same was true in a separate trial that used a penalty rather than a reward: Training CUD patients on 

avoidance behaviors was not effective. Overall, these results suggest that CUD patients have difficulty changing their 

behavior when new environmental conditions are introduced, implying that their behaviors have become more habitual 

than goal-directed. 

Importance of this research 

The authors of this study recognized a need to understand why people continue to use cocaine even when it has clear 

detrimental effects on their health. The current study builds on the work of Everitt and Robbins (2005), which suggested 

that the reason behind behavior changes may be changes in cocaine users' learning processes. In addition, several other 

studies (Miles FJ et al. 2003, Corbit et al. 2014, and Dias-Ferreira et al. 2009) suggested that drug use and stress may 

encourage the development of habitual behaviors. Schoenbaum and Setlow (2005) point out that cocaine use affects an 

individual’s ability to adjust his or her responses based on goals and outcomes. Further research could focus on CUD 

patients that are in treatment, analyzing how different treatments affect patients' response to stimuli and how effective 

desirable habit training and goal re-evaluation testing are. 

Experimental methods  

Appetitive learning: a type of reinforcement that encourages the association of a symbol with a positive outcome (in this 

case, money). Through trial and error, participants learn to associate certain animal pictures with a reward and respond 

appropriately. 

• Avoidance learning: a type of reinforcement that encourages the association of a neutral stimulus with a 

negative outcome. The purpose is to teach participants to avoid the stimulus over time. In this study, the 

negative outcome was an electric shock. 

• Skin conductance: A measure of how well the skin conducts electricity, based on the fact that the skin 

momentarily becomes more conductive after a stimulus that is arousing (such as something that causes fear). 

Participants’ skin conductance was measured 0.5 to 5 seconds after each stimulus in order to empirically 

measure their response to a stimulus. 

Conclusions 

• Patients with cocaine use disorder (CUD) were not as successful as control volunteers at learning associations 

between specific animal pictures and positive or negative outcomes. 

• Dependence on cocaine, but not opiates or alcohol, impaired avoidance responses. However, cocaine use was 

responsible for only 9% of the observed variance in avoidance response. This suggests that there are other 

variables that influence a CUD patient’s ability to respond to stimuli (such as genetics or other environmental 

factors). 



 
 

• CUD patients had difficulty changing their behaviors even when a reward is removed or a negative outcome is 

added, suggesting that the influence from the system that controls goal-directed behaviors was decreasing and 

the influence from the system that controls habitual behaviors was increasing. 

• CUD patients showed impairments in the region of the brain that controls responses to stimuli associated with 

both rewards and punishments, suggesting that these impairments lead to increased control of behavior by the 

systems that regulate habitual behaviors. 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
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 

Asking Questions and Defining 
Problems (SEP1) 
Evaluate questions and challenge the 

premise(s) of an argument, the interpretation 

of a data set, or the suitability of a design. 
 

Obtaining, Evaluating, and 
Communicating Information (SEP8) 
Communicate scientific and technical 
information (e.g. about the process of 
development and the design and 
performance of a proposed process or 
system) in multiple formats (including orally, 
graphically, textually, and mathematically). 
 

LS3.B: Variation of Traits 
Environmental factors also affect expression 

of traits, and hence affect the probability of 

occurrences of traits in a population. Thus the 

variation and distribution of traits observed 

depends on both genetic and environmental 

factors. 

 

Patterns 
Observed patterns of forms and events guide 

organization and classification, and they 

prompt questions about relationships and the 

factors that influence them. 

Cause and Effect 
Empirical evidence is required to differentiate 

between cause and correlation and make 

claims about specific causes and effects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 AP Biology Content Standards 

Science Practice 3 (SP3) 
The student can engage in scientific questioning to extend thinking or 
to guide investigations. 
 

Science Practice 7 (SP7) 
The student is able to connect and relate knowledge across various 
scales, concepts and representations in and across domains. 

Essential Knowledge 3.D.2 (EK3.D.2) 
Cells communicate with each other through direct contact with other 

cells or from a distance via chemical signaling. 

Essential Knowledge 3.D.4 (EK3.D.4) 
Conditions where signal transduction is blocked or defective can be 

deleterious, preventative or prophylactic. 

Essential Knowledge 4.C.4 (EK4.C.4) 
Environmental factors influence the expression of the genotype in an 
organism. 

 

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 understand the relationship of science and 

society 
Science is conducted in a social context and has social and historical 

dimensions. Important to an understanding of the relationship 

between science and society is an evaluation of the social context of 

scientific problems, development of scientific solutions to solve these 

problems, and a consideration of the ethical implications of research. 

 

Science is a Human Endeavor 
Science and engineering are influenced by society and society is 

influenced by society and engineering. 

 

 


