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CASE TEACHING NOTES

“A Friend in Need Is a Friend Indeed: A Case Study on Human Respiratory Physiology”
by

William H. Cliff , Department of Biology, Niagara University, Lewiston, NY
Ann W. Wright, Department of Biology, Canisius College, Buff alo, NY

INTRODUCTION / BACKGROUND
One of the greatest challenges students face in learning about the physiology of oxygen handling by the 
human body is developing a coherent mental model of how oxygen enters and leaves the blood and how 
it is transported from the lungs to the tissues. To do this successfully, students must combine their notions 
of how oxygen behaves () free in the alveolar air, () dissolved in the plasma, and () in reaction with 
hemoglobin. Th is requires a facility with solution chemistry (including the concepts of partial pressure, 
solubility, and concentration) as well as an understanding of chemical equilibrium (including the concepts 
of mass action, reversible binding, affi  nity, and saturation). Integrating all of these chemical concepts into an 
understanding of human respiratory physiology can be a daunting task.

Th is case study was designed to help students strengthen their understanding of the transport of O2 in the 
blood through an analysis of the pathophysiology of a common, real-world problem—CO poisoning. Th e 
case promotes learning about the chemistry of the oxygen-hemoglobin reaction by asking students to 
determine the extent that CO poisoning reduces the amount of oxygen delivered to the body tissues. It 
also helps students solidify their understanding of the role that hemoglobin plays in external respiration by 
prompting them to localize where CO poisoning disrupts this process.

Th e case was developed for use by undergraduates majoring in biology, nursing, and education who have 
had instruction in fi rst-year, college-level sciences and who are enrolled in a two-semester course in human 
anatomy and physiology. Th ese students are typically sophomores who have successfully passed a year of 
general chemistry or a one-semester survey of chemistry for non-science majors. Th e case is a directed case 
study. To read more about this type of case and how it can be incorporated into this type of course, see Cliff  
& Wright () and Cliff  & Nesbitt-Curtin ().

Objectives
Th e following learning objectives guided the design of the case and its use in class:

• Properly distinguish partial pressure of O2 (as a measure of the concentration of free oxygen in the 
plasma) from  O2 saturation (as a measure of the binding of oxygen to hemoglobin); be able to 
predict how changes in the function of hemoglobin might alter these measures in light of the mass 
action of the oxygen-hemoglobin reaction and the exchange of oxygen between the blood, alveolar air, 
and body tissues.

• Use the oxygen-hemoglobin dissociation curve to determine the amount of oxygen that is transported 
in the blood and delivered to the tissues; be able to predict how changes in the shape of the curve 
infl uence O2 uptake into the blood and delivery to the body tissues.

• Explain the role played by hemoglobin in external respiration by determining how and where its 
dysfunction disrupts respiratory gas transfer in the body.

for
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Although these objectives represent signifi cant elements in the understanding of respiratory physiology, they 
by no means exhaust the instructional purposes that this case can be put to by instructors.

Format
Th e design of this case study is highly directive. Th e questions that accompany the case are written in a 
multiple choice format in order to impose specifi c constraints on the pathway of student learning. Th is 
format also makes it easier to grade—a particularly useful feature in large enrollment courses. Th e case could 
easily be rewritten so that one or more of the questions require free responses. It could also be expanded 
to address a greater range of cognitive and psychomotor learning objectives or designed to call for greater 
eff ort in clinical decision making and encompass further aspects of diagnosis, prognosis, and treatment 
prescription.

CLASSROOM MANAGEMENT
We teach this case using an approach that we had found to be eff ective in content-rich, coverage-driven 
courses where available class time is limited (see Cliff  & Wright ; Cliff  & Nesbitt-Curtin ). 
Students receive the entire case study at the beginning of a three-lecture series on the respiratory system. 
Th is occurs in the second semester of the course after students have gained experience solving other directed 
cases designed to help them understand diff erent body systems. Students perform the analysis of the case 
entirely outside of class, and are free to work individually or in groups. Students submit their answers to the 
instructor at the end of the fi nal lecture on the respiratory system. An in-class review of the case is then held 
during the following class period.

Th e entire case study is provided to the students at the beginning of the fi rst lecture on the respiratory system. 
We have found that there is pedagogical value to providing students with the complete case study, including 
all questions, at the beginning of formal instruction in a unit. Th e case sparks student curiosity and prompts 
student inquiry, both during in-class instruction and out-of-class study. Furthermore, the case provides a 
useful means for the students to organize, arrange, and inter-relate diff erent concepts as they progressively 
assemble an understanding of the underlying physiology of the physiological unit being covered.

Our experiences using this “front-ended” approach to case presentation is consistent with fi ndings about the 
factors that contribute to the eff ectiveness of problem-solving as a means for promoting student-centered 
learning. More meaningful understanding occurs when students are initially presented with a problem 
that drives their learning (Norman & Schmidt ). However, it is likely that the case could also be used 
eff ectively if the questions were divided into smaller clusters and disclosed progressively over the period of 
instruction in the manner of an interrupted case (Herreid ).

In-class review of the case is also an important part of the learning process since it provides a summative 
opportunity for students to receive corrective feedback (Norman & Schmidt ). During the review, 
the instructor facilitates a discussion about each question by prompting individual students to explain 
their answers to their classmates. Th is format encourages students to focus their thinking on the learning 
issues raised by the case, to overcome misconceptions, and to solidify their understanding of the requisite 
physiology. Th e instructor also has the opportunity to bring up important, additional implications of the 
case.

In the discussion, more time and eff ort are typically needed to review those questions that require more 
extensive analysis or intellectual eff ort (specifi cally, questions , , , and ) than to review those questions 
involving simpler reasoning or explanation (questions , , , , and ).
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BLOCKS OF ANALYSIS
Detailed case analysis is provided in a separate fi le that is password-protected. To access this information, 
go to the detailed case analysis. You will be prompted for a username and password. If you have not yet 
registered with us, you can see whether you are eligible for an account by reviewing our password policy 
and then apply online or write to answerkey@sciencecases.org.

Th e case analysis includes a detailed summary and analysis of student responses. Our analysis of the students’ 
answers to the case questions indicates that most students are capable of using the oxygen-hemoglobin 
saturation curve to make the necessary quantitative determinations of oxygen delivery to tissues. However, 
many students still have diffi  culties creating a realistic mental model of the dynamics of oxygen transfer from 
alveoli to plasma to red blood cell in light of the solution chemistry of blood oxygen and the equilibrium 
chemistry of oxygen-hemoglobin reaction. Th is evidence suggests that use of this case study could be 
profi tably coupled to learning activities that strengthen the comprehension of these underlying chemical 
concepts. Th ese additional instructional activities should also assist a greater number of students to correct 
the common misconceptions that they hold about respiratory physiology (Michael et al. ) and to 
develop more accurate and complex understandings of the process of blood oxygen transport.
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