
Truly Representative Samples for Conceptual Evaluation Instruments 
(CEI): The Development of the Fluid Dynamic Conceptual 

Evaluation (FDCE) 

Why Fluid Dynamics?
Fluids and Fluid dynamics are fundamental to the study of 

modern life sciences as fluids are essential for life: 
organisms use fluids to move and disperse themselves and 
their propagules (eggs, sperm and larvae); to transport gases, 
nutrients, waste, and chemical signals; and to provide 
structure.  Near the turn of the 21st century, the National 
Research Council convened a team of biology and other life 
science professional to determine how the nature of biology 
would be evolve by 2010 [1].  Issued in 2002, this report 
shares that the study of biology needed to change as the 
science itself was changing. Professional biologist were now 
studying much more complex systems that often required the 
application of different mathematical and physical models.  
They encouraged that the study of biological and life 
sciences should include these techniques.

With the changing nature of what life students would need 
to be able to succeed in their majors, the required courses for 
these students are being evaluated as well. No longer can 
physics departments teach life science majors with courses 
that were closer to a simplified version of the course for 
physical scientists and engineers.  What is needed is a 
physics course tailored to the needs of the life science 
majors. [2]

Fluid Dynamics Conceptual 
Evaluation (FDCE)

With all the curriculum development for Introductory 
Physics for Life Science (IPLS), there exists one significant 
gap in the development areas, specifically the lack of a 
Conceptual Evaluation Instrument, such as the FCI or 
FMCE, constructed to measure IPLS students conceptual 
understanding. Without assessments for topics unique to life 
science students, reforms will likely be much slower to take 
hold.  

Our work began with curricula development on fluids [3] 
under NSF grant #1044211. As part of that grant, 
development of the FDCE began.  During this phase of 
development we: 

• Identified the concept domain using the Delphi process to 
solicit input of other pedagogical and content experts,

• Generated a suite of open-ended items,
• Solicited student generated distractors.

At the end of this grant, the researchers decided that the 
FDCE needed to be a two-tier instrument, where the 
conceptual question would represent the first tier while the 
reasons for choosing the first tier response represents the 
first tier.  This required conducting additional interviews, 
pilot and field testing. 

For the FDCE to be reliable, valid and fair* for any IPLS 
course throughout the country, requires a large truly 
representative sample of IPLS students! [4]

* Traxler et al (2018) showed that to evaluate fairness on the 
FCI required a large sample size. [5]

A Truly Representative Sample?
To produce a truly representative sample, we must first 

understand the life science majors taking physics population.  
Currently we cannot determine an actual number of life science 
majors who take physics each year.  We do know that each year 
roughly 250,000 students complete the algebra-based course 
traditionally required primarily for life science majors [3]. While 
this number represents more than just life science students, it also 
does not reflect the number of life science majors completing 
Calculus-based physics course. By comparing this to the projected 
230,000 students of entering freshman who select life science 
majors when entering universities and colleges, we can 
approximate the number of life science majors taking physics to 
be a maximum of 230,000 a year. [6,7]

For the development of the FDCE, we plan to evaluate 
demographic differences in the IPLS population with regards to: 
Gender, Ethnicity, Type of School, Location of School and 
Socioeconomic Status of students (SES). 

Gender Demographics
While female students are often underrepresented in most STEM 

fields this is not the case with life science majors, where female 
students are overrepresented with 57% of life science bachelors 
being earned by females. [6]

Ethnicity Demographics
To evaluate ethnicity, we determined the percentage of the 

following ethnic minorities majoring in Life Science. [7]

Type of School
There are several categories of data we wish to collect to 

determine the type of school, specifically: 

Location of School
As many students choose universities and colleges close to 

home, the geographical location of the school can have a huge 
difference in the students attending the school. We have chosen to 
split the Contenential United States into 8 regions: North East, 
MidAtlantic, South, Midwest, Northern Plains, Southwest, 
Mountain and West Coast. These eight sections were chosen based 
on similarities in population and cultural demographics. We have 
not assigned Alaska or Hawaii as we feel they do not fit with the 
other categories. 

We are seeking volunteers from all of these regions so that we 
do not bias the sample with regards to ethnicity and SES, which 
is closely tied to Socio Economic Status (SES).

The Study
We have developed a multi-stage study to develop the FDCE 

and we need to have a truly representative sample of life 
science students for each stage. While we have already had a 
number of field-test and pilot-tests sites volunteer for our study 
we are still seeking volunteers sites for every stage of 
development, particularly 2-year schools, as 30% of students 
take algebra-baed physics there.  We desire to have the number 
of volunteer sites in place prior to the submission of our IUSE 
proposal in early September 2018. As we are seeking grant 
money for this development we plan to monetarily compensate 
volunteer sites.

Stage 1: Interviews
In this stage of the study, validation interviews of the first tier 

questions will be conducted as well as interviews to determine 
the second tier response.  We feel that this sample should also 
be representative and thus we are seeking sites willing to have 
there students interviewed.  We hope to have at least 10 students 
from 20 schools in this sample.

Stage 2: Pilot Test
In this stage of the research, all two-tier questions will be 

pilot tested on a representative population of at least 1000 
students. We hope to use the same population of schools for 
Stage 1 and Stage 2. 

Stage 3: Field Test
To have a large enough field-test sample, we estimate that we 
will need a sample size of at least 7,500 to allow for a 
significant number of each demographics variable, specifically 
ethnicity.
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Ethnicity % of Life Science Majors
Asian/ Pacific 

Islander
16.33

Black 7.52

Hispanic 7.68

Native American 0.57

White 62.25

Category Measurement

Size Number of Students
Level of 
School

Community College, Primary
Undergrad, Masters, Doctorial

Admissions Selective vs. Inclusive
Funding Private vs. Public
Diversity Diversity Level


