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1. Describe changes that have been implemented towards improving students’ attainment of outcomes that 

resulted from recent outcome assessments.   These may include but are not limited to changes to content, 

materials, instruction, pedagogy etc.  Please be sure to describe the connection between the assessment 

results and the changes made.  

 

For the year 2011-2012, The Biology SAC addressed the outcome of cultural awareness for the course Biology 

102.  Our assessment of how well we incorporate this outcome into the curriculum of this course, suggested 

we do a fair job, but that we could improve in teaching our students openness, empathy and cultural curiosity.  

We found we needed to improve the ability of our students to communicate about their cultural awareness.  

The students who responded to the assessment were not able to step outside their own world view.   

To improve our curriculum for cultural awareness in the context of Biology, we changed a major term project 

for Biology 102.  Previously, we asked students to investigate a genetic disease and write a paper on its 

biological origins, symptoms, and treatment.  This project was replaced with a new one which requires all 

students to read The Immortal Life of Henrietta Lacks by Rebecca Skloot.  This non-fiction book describes the 

life and legacy of the woman whose cancerous cells were removed from her body in the 1950s, and used for 

scientific study.  This book gives a cultural perspective of African-Americans and their relationship with doctors 

and hospitals over the last century.   

Students enrolled in BI 102 across the district are now required to read this book and write a term paper.  The 

guidelines of the paper require students to think about culture, communication in science, and the history of 

science from different cultural perspectives.  Students are also required to lead the class in a discussion of 

topics related to the book.  We feel that the assignment is more directly asks the students to consider the 

issues related to cultural awareness. Although we did not directly assess the cultural awareness outcome this 

year (for comparison to last year), our impression is that this project has helped us improve our treatment of 

this outcome.  

 

For each outcome assessed this year:  Professional Competency 

All the other outcomes have been assessed recently by the Biology SAC except Professional Competency. The 

biology SAC’s discussion of how to assess Professional Competency began with a review of what professional 

competence meant for our Lower Division Transfer Classes. Since our students go on to a number of advanced 
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academic programs we decided to assess this outcome twice in two different contexts:  the closed Allied 

Health CTE programs at PCC that require our classes as prerequisites (assessment in a separate report) and 

four-year university programs that students would enter with advanced standing using our major’s level 

classes. 

 

This report focuses on the assessment of efficacy of our major’s level classes (Principles of Biology BI 211, 212 

and 213) in giving the students the knowledge, skills and attitudes necessary to enter 300 and 400 level classes 

elsewhere.  We examined the question of knowledge and the skills by looking at the issue from two different 

levels using both indirect and direct assessment and by asking the following questions: 

 

I.  How does our sequence of courses align with the expectations of four year schools receiving our 

students in terms of the knowledge base they receive in (BI 211, 212 and 213)? 

 

II.  How well do our students understand the scientific method and can they apply that understanding in 

novel situations? 

 

 

PART I 

How does our sequence of courses align with the expectations of four year schools receiving our students in 

terms of the knowledge base they receive in (BI 211, 212 and 213)?   

 

Principles of Biology is a three-term sequence of classes that must be taken sequentially at PCC, each of the 

classes transfer to PSU and vice versa. Based on anecdotal feedback from students that begin the sequence at 

one institution and complete it at another we know there are some issues of alignment within the sequence 

itself i.e. BI 211 is supposed to be equivalent to BI 251 at PSU.  A student should be able to take BI 251 at PSU 

and move to PCC finishing the sequence with BI 212 and BI 213 with no content gaps.  So we began a process 

designed to identify misalignments in how the content is split between each of the classes and to examine the 

assumption that students who successfully complete the entire Principles sequence at PCC will be prepared to 

go on to upper division biology courses when they transfer. 

 

Assessment Design: 

 

a. In an effort to align the curricula of the Principles of Biology Series between PSU and PCC, we have 

been in communication with Dr. Michael Bartlett, the professor in charge of the series at PSU, Dr. Jeff 

Singer, the chair of the biology curriculum committee at PSU, and Leah Tuor, the administrator of the 

PSU Department of Biology.  We compared syllabi for the series.  Recent attempts to obtain 

comparable syllabi from OSU and U of O were unsuccessful because they did not respond to our 

queries.  We attempted to compare course outcomes but found that the PSU courses do not have 

course outcomes.  They are in the process of developing course outcomes and so we shared our 

current versions. 

b. A three-term sequence of Principles of Biology (defined as 211-212-213 at PCC) is a prerequisite for 

most upper-division coursework in Biology at the region’s universities.   What specific knowledge 

should our students possess when they enter a 300-level class?  In preparation for further discussion 

of alignment and to determine whether our course content objectives and course content outcomes 

are appropriate and sufficient, we asked instructors at Portland State University, University of Oregon, 



and Oregon State University what students should know when they enter an upper-division course.  

We provided faculty with a comprehensive list of the course content areas and the course outcomes 

that are common for BI 211-213.  Instructors were asked to evaluate each objective and outcome as 

“necessary”, “recommended”, or “not necessary” for students to know as they enter an upper-division 

class on day one.  This survey (Appendix A) was conducted using the online platform Survey Monkey.   

The survey was sent to all instructors teaching upper division biology classes that had a prerequisite of 

BI 211, 212 and 213 or equivalent.  We received responses from 15 instructors for course content and 

for course outcomes.  The response rate was low and there were not enough data points to 

statistically analyze.  General trends were noted. 

Results: 

During this process, we discovered that the division of topics between the three terms of Principles of 

Biology at PCC was not the same as the division of topics in the three terms of Principles of Biology at 

PSU.  PSU and PCC use different textbooks for the series, which further complicates our efforts to align 

the series.  We have no plans to change our textbook (Campbell Biology).  However, PSU is using the 

final edition of their textbook (Freeman) and may consider using the same text used by PCC, Campbell 

Biology. It was difficult to continue the conversation about alignment at this point because PSU does 

not currently have course outcomes. PSU Biology is in the process of developing their course outcomes 

and revisiting pre-requisite requirements for their courses.  They welcome our input and are interested 

in working with us to better align our courses.  The next step for the PCC Biology SAC would be to 

review our own CCOGs and use that as a springboard to discuss the addition or deletion of any specific 

content areas in the context of our CCOGs and to work to align better with PSU.  

The results of the survey of upper division biology instructors to determine if our course content areas 

in the prerequisite courses are appropriate and sufficient to prepare students to move on confirm our 

initial assumption that students should know a lot of chemistry and cell biology before entering upper-

division courses (Table 1).  Most instructors judged content related to these topics as necessary 

knowledge.  The processes related to genetics and of evolution are also areas most faculty feel are 

necessary for student success in their courses.   These topics are heavily emphasized in the 211-213 

series, as specified by the course objectives.  Each of these is considered necessary by nearly all 

instructors.  This is helpful feedback, because our investment in these is significant and requires a lot 

of effort both on the part of our students and our faculty.  Community Ecology and Ecosystem Ecology 

were the only content areas none of the respondents felt were required.  This is a content area that 

the Biology SAC will discuss. However, the response level to our survey was extremely low and could 

be very biased depending on which upper division biology course an instructor taught and their 

discipline bias.  The response to the Course Outcomes more uniformly reinforced that that we are 

expecting our students to have skills and knowledge that will help them be successful in upper division 

courses, especially our emphasis on the scientific method. Based on our findings, we feel confident in 

keeping our course content areas as they are. We plan to work on how that material is divided 

between the courses in the sequence to align with PSU can continue as they develop course outcomes. 

As part of our efforts to continue this process we will review our course outcomes and update them, 

because it has been more than five years since that process has taken place. 



Table 1 Which content areas are important for BI 211, 212, 213.  Surveyof upper division biology instructors. 15 responses

Principles Course Content Area Necessary Recommended Not Necessary No answer

The properties of living things 9 3 0

Basic chemistry 10 2 0

How properties of water affect living things 6 4 2

Basic organic chemistry 3 6 2 1

Functional characteristics of organic macromolecules 8 4 0

Biochemical pathways and enzymes 6 5 1

Cell microanatomy 5 5 2

Membrane structure and function 5 7 1

Aerobic and anaerobic cellular respiration 3 5 3

Photosynthesis 3 4 5

Binary fission 2 2 7

Mitosis 9 3 0

Meiosis and sexual life cycles 10 2 0

Mendelian genetics 7 5 0

The chromosomal basis of inheritance 11 1 0

The molecular basis of inheritance 11 1 0

The transcription and translation of genes 8 4 0

Genetics of viruses 1 6 5

Genetics of bacteria 1 8 2 1

Regulation of gene expression in eukaryotes 5 5 2

Regulation of gene expression in prokaryotes 5 6 1

DNA technology 5 4 3

Evolution by natural selection 7 4 1

Population genetics and microevolution 4 3 5

Speciation 5 3 4

Macroevolution and phylogenetic reconstruction 4 4 4

Early Earth and the origin of life 4 3 5

Survey of biodiversity: prokaryotes 2 3 6 1

Survey of biodiversity: origins of eukaryotic diversity 2 4 6

Survey of biodiversity: plants 1 3 8

Survey of biodiversity: fungi 1 3 8

Survey of biodiversity: invertebrate animals and the origin of animal 

diversity 1 4 7

Survey of biodiversity: vertebrate animals 3 3 6

Plant anatomy and morphology 2 0 10

Transport in plants 1 2 9

Plant nutrition 1 2 9

Plant reproduction and development 1 3 8

Plant growth, development, and responses to environmental stimuli 1 3 8

Animal tissues and body plans 4 3 5

Animal nutrition 1 3 8

Animal circulation 2 2 8

Animal gas exchange 2 2 8

Animal immune systems 1 5 8

Homeostasis in animals 3 2 7

Chemical signals in animals 5 4 3

Animal reproduction 2 4 6

Animal development 3 4 5

Animal nervous systems 2 3 7

Animal sensory and motor systems 2 4 5

The distribution and adaptations of organisms 6 3 3

Population ecology 1 6 5

Community ecology 0 6 6

Ecosystem ecology 0 5 7  



Table 2 Are the Course Outcomes Appropriate for Success in Upper Division Courses? 

Course Outcomes for Principles of Biology Yes No 

apply biological theories and concepts to novel problems 

10 2 

assess the strengths and weaknesses of scientific studies and 

critically examine the influence of scientific and technical 

knowledge on human society and the environment 

5 7 

apply concepts to their lives and community (personal, 

work, and career) 

5 6 

develop informed positions and opinions on contemporary 

issues while considering ethical, scientific, community, and 

cultural implications 

6 6 

communicate concepts using appropriate terminology in 

both written and verbal forms. 

11 1 

competently enter and complete further work in the sciences 

upper-level courses 

7 1 

use the scientific method (including experimental design, 

data collection, and presentations of results and 

conclusions) while analyzing their individual thinking and 

learning styles and how their styles can be integrated with 

methods used in science. 
9 3 

 

 



 

Effectiveness of this assessment tool and assessment process 

The comparison of syllabi and survey are indirect measures of how prepared our students are to 

transfer to upper division biology courses, a more direct measure would be useful.  The lack of 

participation from OSU and U of O was limiting and further efforts could be made to pursue this 

connection. The response rate to the content survey was low and so the sample size was too small to 

be confident enough in the results to exclude any topics.  The data are also likely to be skewed by 

which particular course a respondent taught e.g. someone who teaches an upper division Genetics 

course may be likely to expect different content than someone who teaches Plant ecology. Also it 

would be useful to gather institutional data on the success of our transfer students.  We did contact 

PSU to see if we could get more information but were unsuccessful.  However, the process of 

beginning to ask these questions was very useful and we will continue to try to find more direct and 

quantitative ways to address the topic. 

PART II 

How well do our students understand the scientific method and can they apply that understanding in novel 

situations?  

Part I essentially asked if the course content used to facilitate course outcomes was appropriate and once we 

had feedback that it was, we tried to choose one and find out more about student achievement.  We chose an 

understanding of and the ability to apply the scientific method because it is a key content and skill focus for a 

science major and reflected in the course outcomes of all the Principles of Biology courses.  Since the scientific 

method is a very broad topic we focused on Experimental Design. 

 

Assessment Design 

To connect our assessment to work that is going on at a national level we contacted the Principal investigators 

working on an NSF funded collaborative project between the University of Washington and Evergreen State 

college (http://nsf.gov/awardsearch/showAward?AWD_ID=1043283). They are developing a Science Process 

and Reasoning Skills test (SPARST) to assess students’ acquisition of a number of skills including data analysis, 

graphing, scientific writing and experimental design.  The goal was to design this test to help biology faculty 

gauge the starting points of their students, to see how they develop and to use that information to revise 

curricula.  Eventually they hope to create a national network for sharing best practices and resources.  One of 

the Biology SAC members was part of the part of this project so we agreed to be one of the pilot institutions.   

 

The initial draft of the questions developed by this collaborative group was reviewed and it was determined 

that we would focus on the Experimental Design portion of SPARST.  Our pilot data along with that of other 

institutions would be used to further refine the tool before is used more broadly. 

 

The assessment tool consisted of 20 questions both multiple choice and short answer (Appendix B) 

administered online. Eleven questions related both to content area, the remainder gathered information 

about the  goals and level of experience of the student. Instructors gave their students unique identifier codes 

associated with each class so that results could be tracked for each class while maintaining student anonymity.  

The test was to be given to all the students enrolled in the all three terms of Principles of Biology (BI 211, 212 

and BI 213) across the district week 8 of spring term as an out of class online extra credit assignment. The 

beginning and the terminal classes in the major’s sequence were targeted to be able to get some information 



about the change in skill level as student’s move through the three term sequence.  We discussed trying to 

track a cohort of students through the sequence but decided the problems i.e. logistics (e.g. attrition and 

transfer) and the compounding variable of change in familiarity with the test or test type, were too great. 

 

Date were analyzed using a Chi-Squared Goodness-of-fit Test.  The null hypothesis was that there would be no 

difference in the number of questions where the percent of correct answers was high (>60%) compared to low 

(<60%) for a class of students at the beginning of the sequence compared to students later in the sequence 

(α=0.05).  The choice of 60% as the cutoff between high and low was somewhat arbitrary but reflects the 

standard for a D grade. 

 

Students Sampled Spring 2013: 

BI 211 (first term Principles of Biology), 2 classes, Rock Creek, Sylvania (not offered at Cascade or SE).  Total 

number of students responding to survey, 39. 

BI 212 (second term Principles of Biology), 2 classes, Rock Creek, Cascade (not offered at SE, students in BI 212 

at Sylvania participated in the pilot study Winter 2013, when they were in BI 211).  Total number of students 

responding to survey, 39. 

BI 213 (third term Principles of Biology), 5 classes, Rock Creek, Cascade, Sylvania, and South East Center.  Total 

number of students responding to survey, 107. 

 

A pilot test was carried using 2 classes of BI 211 students at Sylvania (n=46) Winter term 2013.  A paper form of 

this tool was administered in class to figure out how much time it would take the students to complete the 

assignment and if the directions and questions were clear. The pilot suggested that it would take students 

approximately 20-30 minutes and some of the questions were altered for clarity.  These data were not 

included because a number of questions were edited based on initial student feedback. 

 

The 11 multiple choice questions related directly to Experimental Design represented both low and high levels 

of cognition (LOC, HOC Table 3).  The rubric to assess the short answer questions was provided by the SPARST 

project (Appendix C).  Variability in scoring was minimized by having a single individual score the responses. 

The ultimate goal for the SPARST project nationally would be to have faculty able to compare the progress of 

their students with students across the nation using the same assessment tool and rubric.  The scoring would 

be done by the SPARST staff to allow comparison between institutions. Unfortunately the SPARST scoring was 

not available in time for this report. 



 

Table 3 Content area, Cognition level and Answer Key for Experimental Design Multiple Choice Questions. 

Question Content area for Experimental Design Cognitive 

Level Tested 

Answer Key  

1 Identify a hypothesis LOC C 

2 Identify a controlling variable LOC B 

3 Evaluate the quality of the experiment to test the hypothesis HOC C 

4 Choose a supporting hypothesis HOC A 

5 Analyze treatments and controlling for variables HOC C 

6 Analyze treatments and controlling for variables HOC D 

7 Apply knowledge of appropriate controls LOC B 

8 Select prediction LOC B 

9 Evaluate experimental design to determine if a conclusion is warranted HOC D 

10 Evaluate experimental designs to determine which will yield valid results based 

on text 

HOC C 

11 Compare and identify the variables for which one should control HOC B 

12 (See experimental design grading rubric)  NA 

 

 

Results 

There was a highly significant difference between the number of questions with a high level of student 

achievement and low level student achievement (Figure 1) between students in BI 211, 212 and 213 (χ
2
 =26.8, 

df=2, p<0.0001).  When comparisons were made between classes there was a highly significant difference 

between the achievement levels of BI 211 and BI 212 classes (χ
2
 =7.43, df=1, p<0.0064), but no significant 

difference between the achievement levels of BI 212 and BI 213 classes (χ
2
 =0.96, df=1, p<0.32).  These results 

suggest that students are increasing in their understanding of experimental design as they progress from BI 

211 to BI 212 but the assessment highlighted a couple of areas where either the wording of the question 

confused students or modifications to curriculum need to be discussed.  All three classes scored poorly in the 

question designed to test the ability to recognize a hypothesis and poorly in the ability to evaluate the quality 

of the experiment to test the hypothesis.  Lead instructors across the district will review the lab material 

designed to teach these concepts and discuss modifications.  Specifically we will target the BI 211 lab designed 

to introduce the scientific method and the BI 212 and BI 213 focused on project design.   

 

Effectiveness of this assessment tool and assessment process 

The assessment process did highlight some areas of curriculum that need to be reviewed, however if we 

continue to use this assessment tool some improvements would need to be made.  There were some 

variations in how the survey was presented to students across the district e.g. timing and more standardization 

is needed.  The statistical analysis used was not optimal for this question but the individual student data was 

not returned from the SPARST group in time for this report.  The timelines for our assessment were clearly 

communicated when we agreed to be part of the pilot but as is often the case in a collaboration, things moved 

more slowly than expected.  We only received the summary data.  We did not receive either the short answers 



in raw form or the analysis.  When we receive the remainder of the data a more robust analysis can be done.  

Given that we have a more realistic understanding of the length of time needed for data return in future we 

will target Fall and Winter classes.  However, the potential benefits of eventually being able to be able to 

compare our student responses to those of other student’s nationally is worth the not having immediate 

access to our data.  

 

The low level of achievement on question 1, the ability to recognize a hypothesis was a surprise, since this 

requires a low level of cognition and is something we cover extensively.  Careful scrutiny of the wording of this 

question is needed to see if it really does highlight a deficit in student understanding or if it is just worded 

badly.  The lack of significant difference between BI 212 and BI 213 especially since there seems to be a drop in 

the BI 213 response for some questions suggests that perhaps greater variability in the larger number of 

classes surveyed was important here or we also need to take a closer look at some additional concepts.  It may 

also be that in the future the logistical barriers to following a cohort of students through the sequence could 

be overcome.  Overall we found the assessment process and the tool to be useful. 
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Appendix A Survey for instructors of upper division Biology courses. 

1. Dear PSU Colleagues, 

 

As part of the required outcomes and assessment initiatives at PCC and in the interest of continuing 

improvement of our instruction, we are asking for you assistance in filling out this brief survey. The goal is to 

learn more about your expectations with regard to the level of content and skill competency of student entering 

your 300-level classes which require completion of Principles of Biology. 

 

As you answer, please consider the needs of your students as they enter your 300-level class on Day 1 if they are 

to be successful in meeting the learning goals of your class. 

 

 

Your name (optional) 

 

 

 

2. What class(es) do you teach? 

301 Human Anatomy and Physiology 

326 Comparative Vertebrate Embryology 

328 Comparative Vertebrate Anatomy 

330 Introduction to Plant Biology 

334 Introduction to Molecular Biology 

341 Introduction to Genetics 

343 Genes and Society 

357 General Ecology 

360 Introduction to Marine Biology 

387 Vertebrate Zoology 

Other (please specify) 

 

 

 

 

3. Please rank the importance of each of the following themes and concepts as prior knowledge for students 

entering your class. 

 

Necessary Recommended but not necessary Not necessary 



 

The properties of living things 

Basic chemistry 

How properties of water affect living things 

Basic organic chemistry 

Functional characteristics of organic macromolecules 

Biochemical pathways and enzymes 

Cell microanatomy 

Membrane structure and function 

Aerobic and anaerobic cellular respiration 

Photosynthesis 

Binary fission 

Mitosis 

Meiosis and sexual life cycles 

Mendelian genetics 

The chromosomal basis of inheritance 

The molecular basis of inheritance 

The transcription and translation of genes 

Genetics of viruses 

Genetics of bacteria 

Regulation of gene expression in eukaryotes 

Regulation of gene expression in prokaryotes 

DNA technology 

Evolution by natural selection 



Population genetics and microevolution 

Speciation 

Macroevolution and phylogenetic reconstruction 

Early Earth and the origin of life 

Survey of biodiversity: prokaryotes 

Survey of biodiversity: origins of eukaryotic diversity 

Survey of biodiversity: plants 

Survey of biodiversity: fungi 

Survey of biodiversity: invertebrate animals and the origin of animal diversity 

Survey of biodiversity: vertebrate animals 

Plant anatomy and morphology 

Transport in plants 

Plant nutrition 

Plant reproduction and development 

Plant growth, development, and responses to environmental stimuli 

Animal tissues and body plans 

Animal nutrition 

Animal circulation 

Animal gas exchange 

Animal immune systems 

Homeostasis in animals 

Chemical signals in animals 

Animal reproduction 

Animal development 



Animal nervous systems 

Animal sensory and motor systems 

The distribution and adaptations of organisms 

Population ecology 

Community ecology 

Ecosystem ecology 

 

Please list any additional topics you deem necessary for success in your class(es) and/or include any additional 

comments.  

 

 

4. Do you expect students to have the following competencies before entering your class(es)? 

Yes No 

 

apply biological theories and concepts to novel problems 

assess the strengths and weaknesses of scientific studies and critically examine the influence of 

scientific and technical knowledge on human society and the environment 

apply concepts to their lives and community (personal, work, and career) 

develop informed positions and opinions on contemporary issues while considering ethical, 

scientific, community, and cultural implications 

communicate concepts using appropriate terminology in both written and verbal forms. 



competently enter and complete further work in the sciences upper-level courses 

use the scientific method (including experimental design, data collection, and presentations of 

results and conclusions) while analyzing their individual thinking and learning styles and how their 

styles can be integrated with methods used in science. 

 

Please list any additional competencies you deem necessary for success in your class and/or include any 

additional comments.  

 

 

 

 



Appendix B  Experimental Design Student Assessment Tool 

SPARST Experimental Design Spring 2013 
Page 1 of 1 

Thank you for taking this short survey on experimental design skills. Please answer each question 

to the best of your ability and without the use of a book, Google, or other help. We are trying to 

determine your current level of understanding on this topic so that your instructor can modify 

their teaching to better meet your academic needs. Please note that your name is not 

associated with any of the data and your instructor will only see class averages for each 

question. 

 

 

Question 1. 

Questions 1-2 refer to passage A: 

Passage A. Marine sponges are multicellular organisms that have the unique characteristic that when their cells 

are separated, the cells can come back together. Biologists took adult sponges of two different species and 

treated them with the same amount and type of chemical to dissociate the sponge cells. They then mixed the 

sponge cells from both species, removed the chemical, and observed cell-cell adhesion. When cells from both 

species were mixed together, only cells from the same species adhere together. They concluded that cells of 

the same type and species have a mechanism to interact in a way that anchors cells of the same type to each 

other. 

1. Which of the following is a correct statement of the hypothesis they were testing? 

 

Required. 

The same type of cells from the same species do not adhere to each other. 

If cells from two different sponge species are mixed together, then cells from the same species will 

adhere to each other. 

Cells from the same species adhere only to each other. 

Do cells only adhere to other cells from the same species of sponges? 

 

 

Question 2. 

Which of the following best describes a condition that is held constant in this experiment? 

Required. 

number of times the experiment was done 

type of chemical used to treat each species of sponge

use of two different species of sponges 

time of day at which the experiment was done 

 

 

Question 3. 

Questions 3-4 refer to passages A and B: 



Passage A. Sponges are multicellular organisms that live in the oceans and have the unique characteristics 

such that when their cells are separated, they can come back together. Biologists studying cell-to-cell adhesion 

took adult sponges of two different species and treated them with the same amount and type of chemical to 

separate the sponge cells. They then mixed the sponge cells from both species, removed the chemical, and 

observed cell-cell adhesion. When cells from both species were mixed together, only cells from the same 

species adhere together. They concluded that cells of the same type and species have a mechanism to interact 

in a way that anchors cells of the same type to each other. 

Passage B: When conducting the sponge cell adhesion experiment, researchers used small sponges of one 

species and large sponges of another species; both species were treated with the same type and amount of 

chemical for the same amount of time. They mixed the same volume of cells from each species. 

Based on this information, the conclusions of their experimental results are only valid if they . . . 

 

Required. 

used the same sized sponges for both species. 

used different kinds of chemicals to treat each species of sponge.

used a chemical treatment that completely separates all the cells. 

 

 

Question 4. 

After their initial study, researchers put forward a new hypothesis to explain how the sponge cells from the same 

species were adhering to each other. The diagram below highlights the basic cell structure of two species of 

sponge where the lipid composition of the cell membranes is the same for both species. 

 
 

Which of the following is most likely to be their new hypothesis?  

Cells of the same species adhere only to each other because of the. . . 

Required. 

interaction between specific cell membrane proteins 

interaction between lipid components of the cell membranes

external signals sent out by cells of the same species 

 

 

Question 5. 

Questions 5-6 refer to the following passage: 



You have tried different combinations of fertilizers to find the ideal mix with which to grow your 

favorite strawberries. You set up an experiment to compare your old and new fertilizer mixtures. 

For each trial, you plant 30 of the same variety of strawberries in the same soil under the 

following conditions in the table below 

Variable 
Treatment 

1  

Treatment 

2 

Treatment 

3 

Treatment 

4 

fertilizer mix old new old new 

sunlight 

(hours/day) 
8 12 8 8 

water (ml/day) 500 300 300 300 

# strawberries 

produced 
80 140 100 100 

 

5. Which treatments should be compared to determine if the new fertilizer produces more strawberries than the 

old fertilizer? 

 

Required. 

treatments 1 and 2

treatments 2 and 3

treatments 3 and 4

treatments 1 and 4

 

 

Question 6. 

Which of the following best explains your answer to the previous question? One should compare . . . 

Required. 

treatments that show the new fertilizer yields many more strawberries than the old fertilizer 

treatments that show a difference in the number of strawberries yielded 

all treatments because conclusions can only be drawn from experiments repeated several times

treatments that only differ in the type of fertilizer used 

treatments that support the hypothesis tested 

 

 

Question 7. 

Questions 7-8 refer to the following passage: 

While doing field work for your Ph.D. in medicinal botany, you discover a new plant species. Back in the lab, you 

isolate several compounds from the plant, one of which is similar in structure to the anti-inflammatory drug 

ibuprofen. Based on the structural similarities you think that the compound could provide the same pain relief as 

ibuprofen. The advantage of the new drug might be that it gives relief without the side effect of an irritated 

stomach. You design an experiment to test your hypothesis. Your five year study design includes 3000 healthy 

individuals assigned to different groups. Each group receives a different treatment in response to a headache.  

7. Which of the following treatments would you include to test your hypothesis? 



 

 

a dosage of the new drug comparable to an effective dosage of ibuprofen, an effective dosage of 

ibuprofen, and nothing 

a dosage of the new drug comparable to an effective dosage of ibuprofen, an effective dosage of 

ibuprofen, and a sugar pill 

a dosage of the new drug comparable to an effective dosage of ibuprofen and an effective dosage 

of ibuprofen 

 

 

Question 8. 

Questions 7-8 refer to the following passage: 

While doing field work for your Ph.D. in medicinal botany, you discover a new plant species. Back in the lab, you 

isolate several compounds from the plant, one of which is similar in structure to the anti-inflammatory drug 

ibuprofen. Based on the structural similarities you think that the compound could provide the same pain relief as 

ibuprofen. The advantage of the new drug might be that it gives relief without the side effect of an irritated 

stomach. You design an experiment to test your hypothesis. Your five year study design includes 3000 healthy 

individuals assigned to different groups. Each group receives a different treatment in response to a headache. 

 

8. Based on your experimental design which is the correct prediction? On average, subjects would have . . . 

Required. 

more headache relief with the new drug than with a comparable dose of ibuprofen. 

the same headache relief with the new drug as with a comparable dose of ibuprofen.

the same headache relief with the new drug than with a sugar pill. 

relatively less headache relief with the new drug than with a sugar pill. 

 

 

Question 9. 

Dr. Foster is studying the effectiveness of a new memory-boosting supplement. He gives his college 

sophomores the supplement for 6 months and measures students’ average performance on a memory test. The 

results of the experiment are below: 

Condition     
Treatment 

1 

Treatment 

2 

Treatment 

3 

time spent studying each week  1 hr 1 hr 3 hrs 

memory boosting supplement 20 gm 30 gm 30 gm 

average SAT score prior to college 1000 1800 1000 

score on Advanced Placement Biology Exam 3 5 3 

average memory test score 40 50 50 

 

Which conclusion can be drawn from this experiment? 
 

Required. 

The time spent studying each week is the most effective at boosting memory. 



The memory boosting supplement is the most effective at boosting memory. 

Average SAT score prior to college is the most effective at boosting memory. 

No conclusion can be drawn about the effectiveness of the memory-boosting supplement.

 

 

Question 10. 

Questions 10-11 refer to the following passage: 

A recent newspaper article described a new bottled water that is “super charged” with oxygen. Since the body’s 

demand for oxygen increases as physical exertion increases, a coach thought that giving her track athletes this 

oxygenated water would result in better performances. To test this idea, the coach hired a researcher to conduct 

a double-blind experiment with male and female athletes. During practice the athletes drank either the regular or 

super charged water. At the end of the practice the coach tested the effect of the super charged water by timing 

the athletes in a 400 meter run. 

Which experimental design best tests the hypothesis that super charged water consumed by athletes improves 

their performance? 

 

 

Required. 

Experimental design 1

Experimental design 2

Experimental design 3

 

 

Question 11. 

 Given that on average, men run 400 meters 5 seconds faster than women, which of the following could most 

improve the coach’s experimental design? 

Required. 

giving more supercharged water to the female athletes 

having an equal number of women and men in each group of runners 

subtracting 5 seconds off the time in which the women run 400 meters

 

 

Question 12. 



Your biology professor has a room that houses turtles. While waiting for the dozens of incubating turtle eggs to 

hatch in the room, she leaves for a two-week vacation. When she returns, she notices that all of the turtle eggs 

have hatched but that there is something strange about the hatched turtles. Instead of the turtles being roughly 

half males and half females, all of the hatched turtles are males! Your professor also happened to notice that the 

temperature in the room is about 5ºC cooler than normal, and thinks this may have something to do with the 

phenomenon. Your professor then asks for your help to solve this mystery. 

Design an experiment that helps to explain why all of the hatched turtles are all males.  

Required. 



Appendix C Rubric for Experimental Design Student Short Answer Response 
CODE Experimental Design Element Evaluated  

Exemplary (3 pts) 

Adequate (2 pts) Needs improvement 

(1 pts) 

Not Present (0 pts) 

H Hypothesis 

The author has included a hypothesis that is: 

• an explanation that shows causality 

• is falsifiable and testable 

• is in the form of a statement (is not 

compound) 

• is appropriate to the scenario 

 

If they have a hypothesis that is not appropriate to the 

scenario, evaluate the other categories based on the 

incorrect hypothesis. 

The author has included a hypothesis that is 

either testable or falsifiable, but not both. This 

typically would be a compound hypothesis. 

Often it lacks causality. 

The hypothesis is present but is not testable or 

falsifiable. 

There is no hypothesis. 

P Prediction: 

The author has included a reasonable statement of expected 

outcomes if their experimental results support their 

hypothesis (remains internally consistent). 

The author has included a statement of 

expected outcomes that are partially aligned 

with they hypothesis, but contains extraneous or 

non-essential information as well.  

The author has included a statement of expected 

outcomes that are not reasonable if experimental 

results support the hypothesis 

There is no prediction. 

NH Null Hypothesis 

The author has included a clear, null hypothesis aligned to 

their hypothesis 

The author has included a testable and falsifiable 

null hypothesis but it is not clear and concise. 

The null hypothesis is testable but not falsifiable. There is no null hypothesis or the null 

hypothesis is not testable or 

falsifiable. 

NP Null Prediction: 

The author has included a reasonable statement of expected 

outcomes if the experimental results support their null 

hypothesis 

The author has included a statement of 

expected outcomes that are partially aligned 

with they null hypothesis, but contains 

extraneous or non-essential information as well. 

The author has included a statement of expected 

outcomes if that are not reasonable if experimental 

results support the null hypothesis 

There is no null prediction. 

DV Dependent variable: elements that will be measured 

The author has identified the appropriate variable to be 

measured for their hypothesis. 

The dependent variable is included and 

appropriate. Others may be included. 

The dependent variable is inappropriate for the 

hypothesis 

The dependent variable is missing. 

IV Independent variable: elements that will be changed or 

manipulated  

The author has identified and varied a single condition to 

appropriately test their hypothesis.   

The author has identified multiple independent 

variables, at least one of which is appropriate for 

the hypothesis. 

The author has identified a single or multiple 

variables none of which is appropriate for the 

hypothesis.  

The independent variable is missing. 

C Constants (controlled variables) 

The author has included a reasonable list of conditions that 

must be held constant. 

The author has included a reasonable list but is 

missing a critical element.  

The author included a minimal list, missing most 

critical elements.  

The author has not addressed 

constants. 

ET Experimental Treatment 

The author has included appropriate experimental 

treatments to test their hypothesis.  

The author has included experimental 

treatments, some but not all are appropriate. 

The author includes experimental treatment[s], all 

are inappropriate.  

The author has not included any 

experimental treatment[s]. 

CT Control Treatment 

The author has included appropriate control treatments. 

 

The author has included control treatments, 

some but not all are appropriate. 

The author includes control treatment[s], all are 

inappropriate. 

The author has not included any 

control treatment[s]. 

SS Sample size and/or repetition considered 

The author addresses sample size and either repetition or 

random assignment. 

The author addresses one of the three in an 

appropriate manner. 

The author addresses one of the three in an 

inappropriate manner. 

The author does not mention either 

sample size or repetition. 

 



  

 

 

 

 

 


