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DISCUSSION QUESTIONS 

 
 

1. Why were fruit flies used in this experiment and are these findings applicable 
to other organisms, such as humans? 

LEARNING STANDARDS 
 
SEP2 
Systems and system models 
Nature of Science 
 

2. Why was it necessary to carry out additional experiments testing the effect of 
housing conditions, chemosensory cues, and the social experience of sexual 
rejection? Were there other variables that you think should have been tested 
as well? 
 

SEP3 
LS2.D 
Cause and effect 
SP3 
SP6 
 

3. Why was it necessary to artificially manipulate the amount of neuropeptide F 
(NPF) as well as the activity of NPF neurons when the researchers had already 
shown that NPF levels were correlated with sexual history? 
 
 

SEP3 
Cause and effect 
RST.11-12.6 
EK4.A.4 

4. Why were bar graphs used in Figures 2 and 4 whereas line graphs were used 
in Figures 1 and 3? What are other ways to demonstrate and visualize the 
relationships between the variables tested? 

SEP5 
SP2 
Nature of Science 
 
 

5. What are the similarities and differences between NPF and mammalian NPY? 
 
 
 

LS1.A 
RST.11-12.2 
EK3.E.2 

6. Could female flies be used in this experiment? How might the experiments be 
designed differently as a result? 

SEP3 
LS2.D 
SP3 
EK4.A.4 
 

 

 

 

 

 

 

 

 



 
 

ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

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

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

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.” 
 
 

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 based on the article.  
 

RST.11-12.5 
RST.11-12.6 
RST.11-12.8 

 
Experimental design 
 
The authors demonstrate that mating has an effect on flies’ alcohol preference; is the 
inverse true as well? How would you conduct an experiment to see whether 
consumption of alcohol has an effect on flies’ desire to mate? What methods would 
you use? What variables would you control for? 
 
 

 
SEP3 
LS2.D 
Cause and effect 
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.  
 

SEP5 
LS1.A 
RST.11-12.4 
 

 
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. 

 
SEP3 
Systems and system models 
SP6 
Nature of Science 

 

 



 
 

ARTICLE OVERVIEW 

Article summary (recommended for educator use only) 

This article describes a study carried out with fruit flies (Drosophila melanogaster) in which the researchers sought to 

address whether our desire for natural and artificial rewards such as alcohol and sex might be related to one another, 

and if so, what the neural underpinnings of this might be. To test this, the researchers first exposed a group of male flies 

to ample mating opportunities, and then allowed them to freely consume alcohol. This cohort of mated flies did not 

consume a lot of alcohol. They then sexually deprived a second group of male flies, and then allowed them to freely 

consume alcohol. This second cohort of flies consumed a lot of alcohol. From this, the researchers concluded that sex 

and alcohol are related rewards, and that the abundance or lack of one can lead to a converse effect on pursuit of the 

other. They also identified a molecule, neuropeptide F (NPF), which can signal the state of the reward system 

modulating these behaviors. 

 

Importance of this research 

The researchers performed this study because past work has shown that flies independently pursue both alcohol and 

sex, but whether these otherwise disparate rewards are evaluated by the same underlying neural mechanisms was not 

known. With these findings, it will be possible to evaluate how the reward system functions on a more general level 

(perhaps also in regards to other rewards besides alcohol and sex). Further, since Drosophila are a good neuroscientific 

model organism, it might now be possible to implement similar experimental paradigms using other animal models. 

 

Experimental methods 

Courtship conditioning 

A type of commonly employed behavioral paradigm in Drosophila research. In this paradigm, a male is exposed 

to a female who has already mated with a different fly. The male Drosophila will attempt to court the female by 

carrying out a series of behaviors such as tapping her with his forelegs, or singing her a song. However, since the 

female has already mated, she will not be receptive to these attempts, and the male fly will experience sexual 

rejection. This leads to an overall reduction in the male's courtship attempts. 

Immunohistochemistry 

A method for determining how much of a protein is present in a tissue, and where it is present within the tissue. 

Typically, this involves taking a molecule that will bind to the protein and tagging it with a second fluorescent 

molecule. If washed over the tissue, this molecular complex will then bind to your protein of interest and 

fluoresce, indicating location and quantity of the protein of interest. 

Transgenics 

A method for inserting foreign genes into the DNA of an organism such that they get expressed in certain 

conditions. In this case, the researchers transgenically insert the gene for the NPFR RNAi in all cells to block 

activity of NPF receptors. They also transgenically insert the gene for dTRPA1 only in the cells that express NPF 

to selectively activate those cells. 

 



 
 
 

Conditioning assay 

A behavioral test to assess whether an organism finds something rewarding. Typically, this involves providing 

the organism with a choice between two options (for instance using a Y-shaped maze with one option placed in 

each arm of the maze), and then calculating the time spent in one arm of the maze over another. 

Quantitative polymerase chain reaction 

 A method for assessing the amount of RNA pertaining to a specific gene that is present in a tissue. 

 

Conclusions 

Alcohol and sex are both examples of reward. The amount of sexual activity a fly experiences affects how much alcohol 

it will consume. This behavior is regulated by the molecule NPF, which serves as a proxy for the state of the reward 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

LEARNING STANDARDS ALIGNMENT 

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 

Developing and Using Models (SEP2) 
Develop and use a model based on evidence 
to illustrate the relationships between 
systems and their components in the natural 
and designed worlds. 

 
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. 

 
Using Mathematics and 
Computational Thinking (SEP5) 
Use mathematical, computational, and/or 
algorithmic representations of phenomena or 
design solutions to describe and/or support 
claims and/or explanations. 

LS1.A: Structure and function 
Systems of specialized cells within organisms 
help them perform the essential functions of 
life. 

 
LS2.D: Social interactions and group 
behavior 
Group behavior has evolved because 
membership can increase the chances of 
survival for individuals and their genetic 
relatives. 

 

Cause and effect 
Events have causes, sometimes simple, 
sometimes multifaceted. A major activity of 
science is investigating and explaining causal 
relationships and the mechanisms by which 
they are mediated. Such mechanisms can 
then be tested across given condenses and 
used to explain events in new contexts. 

 
Systems and system models 
Models (e.g. physical, mathematical, 
computed) can be used to simulate systems 
and interactions -including energy, matter, 
and information flows -within and between 
systems at different scales. 

 

 

 

 

 

 

 

  



 
 

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 (SP2) 
The student can use mathematics appropriately. 
 

Science Practice (SP3) 
The student can engage in scientific questioning to extend thinking or 
to guide investigations within the context of the course. 
 

Science Practice (SP6) 
The student can work with scientific explanations and theories, 
construct explanations of phenomena based on evidence, articulate 
the reasons that scientific explanations and theories are refined or 
replaced, and evaluate alternative explanations. 

Essential knowledge 3.A.1 (EK3.A.1) 
DNA, and in some cases, RNA, is the primary source of heritable 
information. 

 
Essential knowledge 3.E.2 (EK3.E.2) 
Animals have nervous systems that detect external and internal 
signals, transmit and integrate information, and produce responses.  
 

Essential knowledge 4.A.4 (EK4.A.4) 
Organisms exhibit complex properties due to interactions between 
their constituent parts. 
  

 

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 use quantitative reasoning 
Biology relies on applications of quantitative analysis and 
mathematical reasoning. 
 

Ability to understand the relationship between science 
and society 
Identify social and historical dimensions of biology practice: Evaluating 
the relevance of social contexts to biological problems, developing 
biological applications to solve societal problems, and evaluating 
ethical implications of biology research. 
 

Scientific investigations use a variety of methods 
Science investigations use diverse methods and do not always use the 
same set of procedures to obtain data. 
 

Scientific knowledge is based on empirical evidence 
Science arguments are strengthened by multiple lines of evidence 
supporting a single explanation. 

 


