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Supplement Materials 

Supplemental Material 1. BioSkills Guide Program-Level 
Learning Outcomes  
For brevity, we use shorthand names for the 20 BioSkills Guide program-level learning 
outcomes (Clemmons, Timbrook, Herron, & Crowe, 2020) throughout the paper. Full text of 
learning outcomes, which were also included in the survey, are included for reference. 

Supplemental Material 2. Supplemental Figures 

Supplemental Material 3. Supplemental Tables 

Supplemental Material 4. Supplemental Methods 

Supplemental Material 5. BioSkills Curriculum Survey for 
instructors. 
Questionnaire used to gather data on instructor perceptions of teaching and assessment of 
core competencies for RQ1, RQ2, and RQ3. Survey logic presented competencies as blocks in a 
random order. All web probing questions are shown, but survey logic dictated that respondents 
were only shown three total probing questions.  
 
The version of the questionnaire administered in Department E is shown. The questionnaire 
varied slightly across departments, depending on preference of pilot collaborator (welcome 
pages were customized, number of courses instructors were asked to report on varied from  
2-7, course characteristics questions varied as described in methods). 

Supplemental Material 6. BioSkills Curriculum Survey for 
students.  
Questionnaire used to gather data on student perceptions of teaching of core competencies for 
RQ3. Survey logic presented competencies in a random order. All web probing questions are 
shown, but survey logic dictated that respondents were only shown three total probing 
questions. The questionnaire did not vary across courses. 
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Supplemental Material 1. BioSkills Guide Program-Level 
Learning Outcomes 
For brevity, we use shorthand names for the 20 BioSkills Guide program-level learning 
outcomes (Clemmons, Timbrook, Herron, & Crowe, 2020) throughout the paper. Full text of 
learning outcomes, which were also included in the survey (see Supplemental Materials 2 and 
3), are included for reference. 
 
PROCESS OF SCIENCE 

• Scientific Thinking: Explain how science generates knowledge of the natural world. 

• Information Literacy: Locate, interpret, and evaluate scientific information. 

• Question Formulation: Pose testable questions and hypotheses to address gaps in 
knowledge. 

• Study Design: Plan, evaluate, and implement scientific investigations. 

• Data Interpretation & Evaluation: Interpret, evaluate, and draw conclusions from data 
in order to make evidence-based arguments about the natural world. 

• Doing Research: Apply science process skills to address a research question in a course-
based or independent research experience. 

 
QUANTITATIVE REASONING 

• Numeracy: Use basic mathematics (e.g., algebra, probability, unit conversions) in 
biological contexts. 

• Quantitative & Computational Data Analysis: Apply the tools of graphing, statistics, and 
data science to analyze biological data. 

 
MODELING 

• Purpose of Models: Recognize the important roles that scientific models, of many 
different types (conceptual, mathematical, physical, etc.), play in predicting and 
communicating biological phenomena. 

• Model Application: Make inferences and solve problems using models and simulations. 

• Modeling: Build and evaluate models of biological systems. 
 
INTERDISCIPLINARY NATURE OF SCIENCE 

• Connecting Scientific Knowledge: Integrate concepts across other STEM disciplines 
(e.g., chemistry, physics) and multiple fields of biology (e.g., cell biology, ecology). 

• Interdisciplinary Problem Solving: Consider interdisciplinary solutions to real-world 
problems. 
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COMMUNICATION & COLLABORATION 

• Communication: Share ideas, data, and findings with others clearly and accurately. 

• Collaboration: Work productively in teams with people who have diverse backgrounds, 
skill sets, and perspectives. 

• Collegial Review: Provide and respond to constructive feedback in order to improve 
individual and teamwork. 

• Metacognition: Reflect on your own learning, performance, and achievements.  
 
SCIENCE & SOCIETY 

• Ethics: Demonstrate the ability to critically analyze ethical issues in the conduct of 
science. 

• Societal Influences: Consider the potential impacts of outside influences (historical, 
cultural, political, technological) on how science is practiced. 

• Science’s Impact on Society: Apply scientific reasoning in daily life and recognize the 
impacts of science on a local and global scale. 
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Supplemental Material 2. Supplemental Figures 

 

Supplemental Figure 1. Distributions of course subdisciplines, level, and inclusion of lab 
component across instructor survey dataset, disaggregated by department and across all 
departments. 

n instructor-course combinations per department are 20, 61, 33, 14, 59 for Departments A, B, C, D, and 
E, respectively (overall n=187). Data in “All” columns is replicated from Figure 2 for comparison with 
individual department distributions.  
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Supplemental Figure 2. Posterior predictive check.  

Comparison of observed (y, dark blue) and simulated (yrep, light blue) values. The distributions of yrep 
and y are extremely similar, indicating that the final model fits the data well. Posterior predictive check 
for Model #7 is shown (see Table 1), however all other posterior predictive charts showed equal or 
better fit between simulated and observed values. Chart was generated using shinystan app (Muth, 
Oravecz, & Gabry, 2018). 
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Supplemental Figure 3. Differences in reported teaching of BioSkills learning outcomes by 
department, course level, inclusion of a lab component, or subdiscipline. 

Unmodeled survey data of reported teaching disaggregated by course characteristics. Points show 
percent of instructor-course combinations in indicated subgroup where respondents reported teaching 
corresponding BioSkills learning outcome in “a few” or more class sessions. Connecting lines are 
included to ease tracking of individual data points. Subdiscipline of course could be 
Molecular/Cell/Developmental Biology (MCD), Microbiology, Anatomy/Physiology/Organismal Biology 
(APO), Ecology/Evolutionary Biology (EE), General Biology, or Other. 
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Supplemental Figure 4. Likelihood of reporting teaching of particular competencies varies by 
course type. 

Model-based estimates of the probability of an instructor of the indicated course type reporting 
teaching of a learning outcome in the indicated competency. Points indicate means of the posterior 
distribution and vertical lines indicate Bayesian 95% credible intervals. Subdiscipline of course could be 
Molecular/Cell/Developmental Biology (MCD), Microbiology, Anatomy/Physiology/Organismal Biology 
(APO), Ecology/Evolutionary Biology (EE), General Biology, or Other. 
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Supplemental Figure 5. Learning outcomes represented on syllabi appear to be reported 
taught at higher frequencies. 

Comparison of instructor-reported teaching frequency (unmodeled data) for each BioSkills learning 
outcome with whether that learning outcome (LO) was coded on their syllabus. Point size is scaled to 
show the number of cases (out of 9 possible).  
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Supplemental Figure 6. Students are more likely to report higher teaching frequencies 
relative to instructors. 

We calculated student-instructor difference for each course by subtracting the instructor-reported 
teaching frequency from the mean student-reported teaching frequency in their course, treating the  
six-point scale as numeric. Each blue point represents a different course, and open circles show average 
across all 10 RQ2/RQ3 courses. Points below zero indicate students on average reported less frequent 
teaching relative to their instructor. Points above zero indicate students on average reported more 
frequent teaching relative to their instructor.  
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Supplemental Figure 7. Representation of core competency learning outcomes across coded 
exams. 

Points indicate the number of courses (out of nine) where that program-level BioSkills Guide learning 
outcome was coded on one or more exams.  
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Supplemental Material 3. Supplemental Tables 

Supplemental Table 1. Coding of web probing question responses for evidence of validity of 
response processes. 
a Response rates indicate the % of cases where respondents answered probing responses. 2.3% and 0.3% 
of probing questions were skipped by instructor and student survey respondents, respectively. 
b See Methods and Supplemental Methods for details on coding scheme. 

Survey n responses coded 
(response rate % a) 

Percent of responses with “valid 
response process” code b 

Percent of responses with 
“survey error” code b 

Instructor 
Survey 

353 (97.7%) 96.2% 10.4% 

Student 
Survey 

262 (99.7%) 91.7% 15.9% 

 

Supplemental Table 2. Overview of curriculum mapping survey participants. 
a Number of respondents after data cleaning. This number is an estimate. Instructors in departments C 
and D took the survey anonymously, so these counts do not account for individuals who may have taken 
the survey more than once from different devices. Counts for departments A, B, and E are based on 
respondent name, however a small number of respondents did not enter a name and therefore may be 
counted more than once if they had more than one survey session. 
b Percent of possible instructors or courses from that department represented in dataset, based on 
estimate of number of instructors and number of regularly offered courses from collaborators in each 
department.  
c Instructor-course combination is defined by a particular respondent reporting on a particular course. 
d We were unable to get an estimate of the total number of courses regularly offered in Department B. 

Department n respondents a  
(response rate b)  

n courses  
(response rate b) 

n instructor-course 
combinations c 

n student survey 
+  
class materials 

A 11 (64.7% 
response) 

11 (100% 
response) 

20 (10.7% of total) 0 

B 36 (51.4% 
response) 

50 d 61 (32.6% of total) 0 

C 21 (63.6% 
response) 

26 (57.8% 
response) 

33 (17.6% of total) 0 

D 13 (50% response) 7 (87.5% 
response) 

14 (7.5% of total) 0 

E 27 (90% response) 33 (97.1% 
response) 

59 (31.6% of total) 10 

Total 108 127 187 10 
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Supplemental Table 3. Instructor responses to the question “How was [learning outcome] 
assessed in this course?”  
a Assessment mode survey question responses were qualitatively coded as described in Methods.  
b Percent of responses, out of 1,958 coded, across all instructor-course combinations and learning 
outcomes. Codes were not mutually exclusive and therefore do not sum to 100%.  

Code a  Description % of total b 

Exams and 
Quizzes 

Exams, quizzes, and other question-based summative assessments (e.g., 
“exam”, “quiz”, “post-lab assessment”) 

54.3%  

Writing, 
Presentations, 
and Projects 

Summative assessments with a project- and/or communication-focus (e.g., 
“writing assignment”, “lab report”, “poster presentation”, “group project”) 

37.6% 

Practice 
Exercises 

Formative assessment in or out of class (e.g., “homework”, “think-pair-share”, 
“class discussions”, “data analysis assignment”) 

40.3% 

Self and Peer 
Evaluation 

Assignments where students were asked to reflect on their own or others’ 
performance or ideas (e.g., “peer review of poster presentations”, “exam 
wrapper”, “mid-quarter survey”) 

5.7% 

Lab Work Process-oriented work that takes place in a lab setting (e.g., “lab assignments”, 
“dissections”, “lab progress”, “lab notebooks”, “lab meetings”) 

14.4% 
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Supplemental Table 4. Model fit statistics for RQ1 and RQ3. 
a Demonstration that inclusion of this parameter as a random effect is justified. 
b For Models 1-3, the number of unique courses was 127. For Models 4-5, the number of unique courses 
was 125. For Models 6-7, the number of unique courses was 10. For Models 1-5, the number of unique 
respondents was 127. For Models 6-7, the number of unique respondents was 215. For all models, the 
number of unique learning outcomes was 20.  
c Expected log predictive density (ELPD) is a metric of the predictive nature of the model, based on 
leaving one observation out at a time (leave-one-out; loo). 
d p_loo that is less than the total number of parameters indicates a well-specified model. 
e Pareto k is an estimate useful in the importance sampling process, which is used to compute elpd_loo. 
Specifically, Pareto k estimates how far an individual leave-one-out distribution is from the full 
distribution. If leaving one observation out changes the posterior distribution substantially, the 
importance sampling cannot generate reliable estimates. If k < 0.5, then elpd_loo is estimated with high 
accuracy. When 0.5 < k < 0.7, the accuracy of the importance sampling is lower but still ok; Pareto k 
values >0.7 indicate that the importance sampling does not generate a useful estimate when that 
observation is left out. All pareto k values were good (k<0.5) for seven of the ten models, indicating 
great fit of each of those models. The number of pareto k values above 0.5 (“ok”) or 0.7 (“bad”) are 
shown for the three other models. 
f Conservatively, this model estimated 278 parameters (p = 6 competencies + 125 courses + 127 
respondents + 20 learning outcomes; (Gelman & Hill, 2007)), thus p_loo < p. While not optimal, the 
three large pareto k values are not catastrophic in this case. Importantly, the number of estimated 
parameters is relatively large compared to the number of observations (p > N/7: 278 > 1860/7; (Vehtari 
et al., 2020)). This simply indicates that the model has difficulty predicting the left out observation, 
which is likely due to relatively few observations per random effect (see Supplemental Methods – 
Pareto k), and does not indicate that the model is misspecified (Vehtari et al., 2020). 

Model 

n survey 
question 

responses 

Estimate of the standard deviation of 
the random effect a Leave-one-out estimate (SE) 

Course b 

Respondent 
b 

Learning 
outcome b 

Expected log 
predictive 

density: elpd 
(elpd_SE) c 

Effective # of 
parameters: 

p_loo 
(p_loo_SE) d 

# Pareto 
k values  
>0.5 and 

<0.7 e 

# Pareto 
k values 

>0.7 e 

1 3732 0.77 0.94 0.92 -1965.6 (29) 148.8 (2.9) 0 0 

2a 3732 0.79 0.94 0.89 -1955.0 (29.7) 166.0 (3.3) 0 0 

2b 3732 0.73 0.95 0.89 -1963.2 (29.1) 153.0 (3.0) 0 0 

2c 3732 0.81 0.94 0.89 -1938.1 (29.5) 153.8 (3.1) 1 0 

2d 3732 0.66 0.96 0.90 -1963.3 (29.7) 166.8 (3.3) 0 0 

3 2662 0.62 0.81 0.62 -1290.7 (27.4) 123.7 (3.3) 0 0 

4 1860 2.27 1.77 0.96 -752.4 (24.4) 128.5 (5.9) 24 3 f 

5 1860 1.91 1.34 0.86 -748.3 (25) 128.8 (5.3) 14 0 

6 5240 0.2 0.38 0.38 -3409.5 (20.7) 113.4 (1) 0 0 

7 5240 0.21 0.39 0.26 -3346.8 (23.5) 117.5 (1.1) 0 0 
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Supplemental Table 5. Comparison of student and faculty perceptions of competency 
learning outcomes taught in 10 undergraduate biology courses in one department. 
a Number of learning outcomes, out of 20 BioSkills learning outcomes, where averaged student response 
and instructor response were within one response level on the 6-point teaching frequency response 
scale.  
b After data cleaning, the number of students who completed the survey in each course and the 
response rate for each course as a percentage of total students enrolled  

c Two courses (labeled E1 and E2) were sections of a course-based undergraduate research experience 
course with shared lecture, syllabus, and exams, but separate lab sections led by different instructors. 
Student responses in E1 and E2 were compared to their lab instructor’s response. 

Course 
Student mean vs.  
instructor match ≤1 a 

n students  
(response rate) b 

A 15 20 (87%) 

B 14 27 (96.4%) 

C 13 47 (94%) 

D 13 17 (63%) 

E1 c 13 14 (100%) 

E2 c 12 16 (100%) 

F 11 18 (81.8%) 

G 10 59 (77.6%) 

H 10 9 (75%) 

I 6 35 (92.1%) 

Total  262 (82.1%) 
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Supplemental Table 6. Results of RQ1 modeling. 
a All models contained respondent, course, and learning outcome as random effects. Additional fixed 
effect predictor variables are indicated. Outcome variables (e.g., reported taught, reported assessed) for 
each model are indicated in header rows. 
b Mean and upper and lower bounds of the 95% credible interval of the posterior distribution for each of 
the Bayesian multilevel logistic regression models used for RQ1. Boldface indicates estimates with 95% 
credible intervals that did not cross zero.  
c The terms mcse, sd, and n_eff are diagnostic statistics related to the MCMC chains, indicating model 
performance. mcse is the Monte Carlo standard error, representing the randomness associated with 
each MCMC estimation run. Low values of mcse relative to sd are desirable as large relative values will 
mask variation that is used to quantify the uncertainty in the estimate (i.e. the credible intervals). mcse 
is approximated by dividing the posterior standard deviation (sd) by the square root of the effective 
sample size (n_eff), where n_eff is the effective number of independent simulation draws within each 
MCMC chain. If the draws were independent, n_eff would be 4,000 (4 chains x (2,000 iterations – 1,000 
iterations of warm up)), but Markov chain simulations are almost always autocorrelated so n_eff is 
usually smaller than 4,000.     

Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Model 1: Reported Taught 

 (Intercept) 1.38 0.12 2.72 0.65 0.02 1574 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science -0.24 -1.82 1.21 0.75 0.02 1568 

Modeling -0.63 -2.26 0.96 0.83 0.02 1579 

Interdisciplinary Nature of Science -0.41 -2.28 1.44 0.92 0.02 1719 

Communication & Collaboration -0.51 -2.06 1.03 0.78 0.02 1740 

Science & Society -0.88 -2.53 0.79 0.82 0.02 1737 

Model 2a: Reported Taught 

 (Intercept) 0.9 0.02 1.73 0.44 0.01 2355 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science 0.26 -0.68 1.23 0.49 0.01 2622 

Modeling -0.35 -1.46 0.77 0.58 0.01 2881 

Interdisciplinary Nature of Science 0.05 -1.15 1.27 0.62 0.01 3475 

Communication & Collaboration -0.38 -1.45 0.69 0.55 0.01 2636 

Science & Society -0.34 -1.41 0.78 0.56 0.01 2718 

Pilot Department (ref = 
Department B) 

Dept A 0.63 -0.29 1.55 0.46 0.01 3171 

Dept C -0.15 -0.92 0.6 0.39 0.01 2910 

Dept D 0.22 -0.8 1.23 0.52 0.01 3657 

Dept E 0.75 0.02 1.47 0.36 0.01 2583 

Process of Science X Dept A -0.67 -1.42 0.1 0.39 0.01 3718 
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Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Core Competency X Pilot 
Department (refs = 
Quantitative Reasoning, 
Department B) 

Process of Science X Dept C -0.58 -1.23 0.08 0.34 0.01 3340 

Process of Science X Dept D -0.8 -1.65 0.01 0.42 0.01 4613 

Process of Science X Dept E -0.29 -0.89 0.32 0.31 0.01 2869 

Modeling X Dept A 0.83 -0.03 1.67 0.44 0.01 4152 

Modeling X Dept C -0.32 -1.09 0.41 0.38 0.01 4137 

Modeling X Dept D 0.21 -0.72 1.15 0.48 0.01 5347 

Modeling X Dept E -0.05 -0.72 0.62 0.34 0.01 3392 

Interdisciplinary Nature of Science X 
Dept A -0.27 -1.24 0.7 0.49 0.01 4783 

Interdisciplinary Nature of Science X 
Dept C -0.24 -1.06 0.61 0.42 0.01 3752 

Interdisciplinary Nature of Science X 
Dept D -0.08 -1.14 1.02 0.54 0.01 5456 

Interdisciplinary Nature of Science X 
Dept E -0.66 -1.4 0.07 0.37 0.01 3204 

Communication & Collaboration X  
Dept A 0.47 -0.34 1.26 0.41 0.01 3880 

Communication & Collaboration X  
Dept C 0.65 -0.05 1.37 0.37 0.01 3473 

Communication & Collaboration X  
Dept D 0.28 -0.64 1.17 0.45 0.01 4891 

Communication & Collaboration X  
Dept E -0.06 -0.71 0.58 0.32 0.01 3108 

Science & Society X Dept A -0.57 -1.42 0.28 0.43 0.01 3910 

Science & Society X Dept C 0.22 -0.55 0.94 0.38 0.01 3655 

Science & Society X Dept D 0.34 -0.61 1.3 0.49 0.01 5644 

Science & Society X Dept E -0.72 -1.38 -0.08 0.34 0.01 3378 

Model 2b: Reported Taught 

 (Intercept) 0.79 -0.05 1.63 0.43 0.01 2182 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science -0.16 -1.11 0.79 0.49 0.01 2168 

Modeling -0.2 -1.32 0.9 0.57 0.01 2514 
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Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Interdisciplinary Nature of Science -0.1 -1.35 1.16 0.63 0.01 3196 

Communication & Collaboration 0.05 -0.98 1.11 0.52 0.01 2185 

Science & Society -0.6 -1.7 0.51 0.57 0.01 2300 

Course Level (ref = Lower Level) Upper Level 0.39 -0.18 0.96 0.29 0.01 2038 

Core Competency X Course 
Level (refs = Quantitative 
Reasoning, Lower Level) 

Process of Science X Upper Level 0.43 -0.11 0.96 0.27 0.01 2474 

Modeling X Upper Level -0.12 -0.73 0.47 0.3 0.01 2786 

Interdisciplinary Nature of Science X 
Upper Level 0.01 -0.65 0.66 0.33 0.01 3431 

Communication & Collaboration X 
Upper Level -0.37 -0.93 0.19 0.28 0.01 2446 

Science & Society X Upper Level 0.3 -0.3 0.88 0.3 0.01 2907 

Model 2c: Reported Taught 

 (Intercept) 0.87 0.06 1.68 0.42 0.01 1831 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science -0.08 -1.03 0.91 0.49 0.01 2189 

Modeling -0.25 -1.33 0.86 0.57 0.01 2420 

Interdisciplinary Nature of Science 0.25 -0.97 1.47 0.63 0.01 3238 

Communication & Collaboration -0.38 -1.43 0.69 0.54 0.01 1823 

Science & Society 0.02 -1.05 1.09 0.55 0.01 2447 

Whether Instructor-course 
combination Includes Reporting 
on Lab (ref = No Lab 
Component) With Lab 0.75 0.22 1.3 0.28 0.01 2224 

Core Competency X Whether 
Instructor-course combination 
Includes Reporting on Lab (refs 
= Quantitative Reasoning, No 
Lab Component) 

Process of Science X With Lab -0.14 -0.66 0.39 0.27 0.01 2732 

Modeling X With Lab -0.45 -1.02 0.12 0.29 0.01 3023 

Interdisciplinary Nature of Science X 
With Lab -1.21 -1.85 -0.57 0.33 0.01 3580 

Communication & Collaboration X  
With Lab 0.09 -0.45 0.66 0.28 0.01 2707 

Science & Society X With Lab -1.47 -2.03 -0.89 0.29 0.01 2852 

Model 2d: Reported Taught 

 (Intercept) 1.27 0.42 2.1 0.43 0.01 2162 

Quantitative Reasoning 0.16 -0.82 1.13 0.5 0.01 2113 
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Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Core Competency  
(ref = Quantitative Reasoning) 

Modeling -0.06 -1.18 1.09 0.57 0.01 2565 

Interdisciplinary Nature of Science -0.22 -1.44 1.03 0.62 0.01 3450 

Communication & Collaboration -0.19 -1.22 0.88 0.54 0.01 2532 

Science & Society -0.5 -1.62 0.64 0.57 0.01 2925 

Course Subdiscipline (ref = 
Molecular/Cell/ 
Developmental Biology) 

Microbiology 0.31 -0.53 1.18 0.44 0.01 3272 

Physiology/Anatomy/Organismal 
biology -0.94 -1.64 -0.28 0.35 0.01 2554 

Ecology/Evolutionary Biology 0.06 -0.69 0.8 0.38 0.01 2631 

General Biology -0.49 -1.31 0.32 0.42 0.01 2381 

Other 0.27 -0.48 1.03 0.38 0.01 2542 

Core Competency X Course 
Subdiscipline (refs = 
Quantitative Reasoning, 
Molecular/Cell/ 
Developmental Biology) 

Quantitative Reasoning X  
Microbiology 0.26 -0.57 1.09 0.42 0.01 4295 

Modeling X Microbiology -0.57 -1.47 0.35 0.46 0.01 4567 

Interdisciplinary Nature of Science  
X Microbiology 0.74 -0.28 1.8 0.53 0.01 5189 

Communication & Collaboration X 
Microbiology -0.03 -0.9 0.82 0.45 0.01 4660 

Science & Society X Microbiology 0.53 -0.4 1.44 0.47 0.01 4970 

Quantitative Reasoning X 
Physiology/Anatomy/Organismal 
Biology -0.46 -1.06 0.17 0.32 0.01 3225 

Modeling X 
Physiology/Anatomy/Organismal 
Biology -0.13 -0.78 0.55 0.34 0.01 3583 

Interdisciplinary Nature of Science  
X Physiology/Anatomy/Organismal 
Biology 0.37 -0.37 1.13 0.38 0.01 3898 

Communication & Collaboration X 
Physiology/Anatomy/Organismal 
Biology 0.54 -0.11 1.19 0.33 0.01 3212 

Science & Society X 
Physiology/Anatomy/Organismal 
Biology -0.22 -0.89 0.44 0.34 0.01 3189 

Quantitative Reasoning X 
Ecology/Evolutionary Biology -0.14 -0.86 0.57 0.36 0.01 3267 
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Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Modeling X Ecology/Evolutionary 
Biology -0.38 -1.15 0.39 0.4 0.01 3665 

Interdisciplinary Nature of Science  
X Ecology/Evolutionary Biology 0.36 -0.5 1.24 0.45 0.01 4071 

Communication & Collaboration  
X Ecology/Evolutionary Biology -0.48 -1.24 0.26 0.38 0.01 3363 

Science & Society X 
Ecology/Evolutionary Biology 0.3 -0.47 1.06 0.39 0.01 3341 

Quantitative Reasoning X General 
Biology 0.15 -0.61 0.9 0.39 0.01 3163 

Modeling X General Biology -0.44 -1.32 0.37 0.43 0.01 4043 

Interdisciplinary Nature of Science  
X General Biology -0.13 -1.05 0.81 0.47 0.01 5243 

Communication & Collaboration X 
General Biology 0 -0.79 0.77 0.4 0.01 3648 

Science & Society X General Biology -0.1 -0.95 0.71 0.43 0.01 4225 

Quantitative Reasoning X Other -0.36 -1.1 0.39 0.37 0.01 3218 

Modeling X Other -0.7 -1.5 0.08 0.41 0.01 3740 

Interdisciplinary Nature of Science  
X Other -0.22 -1.11 0.64 0.45 0.01 3837 

Communication & Collaboration X 
Other -0.43 -1.19 0.32 0.39 0.01 3248 

Science & Society X Other -0.31 -1.11 0.49 0.41 0.01 3482 

Model 3: Reported Assessed 

 (Intercept) 2.2 1.29 3.11 0.46 0.01 1722 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science -0.13 -1.21 0.89 0.52 0.01 1784 

Modeling -0.93 -2.1 0.23 0.59 0.01 2016 

Interdisciplinary Nature of Science -1.15 -2.47 0.1 0.65 0.01 2279 

Communication & Collaboration -1.7 -2.83 -0.6 0.56 0.01 1756 

Science & Society -2.97 -4.21 -1.82 0.6 0.01 1802 

Model 4: Reported Assessed with Writing/Presentation/Project 

 (Intercept) -1.58 -3.06 -0.04 0.76 0.02 1582 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science 0.76 -0.87 2.32 0.81 0.02 1386 

Modeling -1.06 -2.89 0.71 0.91 0.02 1622 

Interdisciplinary Nature of Science -0.35 -2.31 1.6 0.98 0.02 1861 
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Predictor Variable a Level 
Mean 
b 

2.50% 
b 

97.50% 
b sd c 

mcse 
c n_eff c  

Communication & Collaboration -0.37 -2.11 1.27 0.86 0.02 1595 

Science & Society -0.25 -2.08 1.47 0.92 0.02 1819 

Model 5: Reported Assessed with Quiz/Exam 

 (Intercept) 1.43 0.07 2.81 0.69 0.01 2194 

Core Competency (ref = 
Quantitative Reasoning) 

Process of Science -1.47 -2.94 -0.03 0.73 0.02 2156 

Modeling 0.17 -1.4 1.84 0.82 0.02 2654 

Interdisciplinary Nature of Science 0 -1.77 1.83 0.92 0.02 2850 

Communication & Collaboration -4.29 -5.97 -2.69 0.82 0.02 2378 

Science & Society -1.06 -2.68 0.59 0.85 0.02 2650 
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Supplemental Table 7. Pairwise comparisons of likelihood of reporting teaching in courses in 
different departments. 
a Text indicates direction of difference and OR indicates odds ratios (e.g., A > C OR: 2.6 indicates that 
courses in Department A were 2.6 times more likely to report teaching of the indicated competency 
than courses in Department C). 
b For models 2a-2d, we made pairwise comparisons of each level of the interaction by systematically 
releveling the reference of the models in order to get estimates of the main effects of each level of core 
competency and course characteristic. Therefore, there was often more than one model that could be 
used to interpret whether such a pair-wise difference existed. In a small number of cases, which are 
marked with “note”, the credible interval crossed zero (and therefore the levels were interpreted as 
equivalent) in one model but not the other. This happened in cases where the difference was smaller, 
and so we are reporting the more conservative interpretation (i.e. that the levels are equivalent).  

Reference 
Level 

Comparison 
Level 

Process of 
Science 

Quantitative 
Reasoning 

Modeling Interdisciplinary 
Nature of 
Science 

Communication 
& Collaboration 

Science & 
Society 

Dept A Dept B - - note b - note b - 

Dept C - - A > C  
OR: 2.6 a 

- - - 

Dept D - - - - - - 

Dept E - - - - - - 

Dept B Dept C - - - - - - 

Dept D - - - - - - 

Dept E - E > B  
OR: 2.1 a 

note b - note b - 

Dept C Dept D - - - - - - 

Dept E E > C  
OR: 2.5 a 

E > C  
OR: 2 a 

note b - - - 

Dept D Dept E - - - - - - 
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Supplemental Table 8. Pairwise comparisons of likelihood of student-instructor agreement in 
courses with different subdisciplinary foci. 
a Text indicates direction of difference and OR indicates odds ratios (e.g., MCD > APO OR: 2.7 indicates 
that courses with a Molecular, Cell, Developmental Biology focus were 2.7 times more likely to report 
teaching of the indicated competency than courses with an Anatomy, Physiology, Organismal Biology 
focus). 
b For models 2a-2d, we made pairwise comparisons of each level of the interaction by systematically 
releveling the reference of the models in order to get estimates of the main effects of each level of core 
competency and course characteristic. Therefore, there was often more than one model that could be 
used to interpret whether such a pair-wise difference existed. In a small number of cases, which are 
marked with “note”, the credible interval crossed zero (and therefore the levels were interpreted as 
equivalent) in one model but not the other. This happened in cases where the difference was smaller, 
and so we are reporting the more conservative interpretation (i.e. that the levels are equivalent).  

Reference 
Level 

Comparison 
Level 

Process of 
Science 

Quantitativ
e Reasoning 

Modeling Inter-
disciplinary 
Nature of 
Science 

Communi-
cation & 
Collabo-
ration 

Science & 
Society 

Molecular, 
Cell, & 
Developmental 
Biology (MCD) 

Microbiology - - - - - - 

APO MCD > APO  
OR: 3.6 a 

MCD > APO  
OR: 2.6 a 

MCD > APO  
OR: 2.5 a 

note b - MCD > APO 
OR: 3 a 

EE - - - - - - 

General 
Biology 

- - - - - - 

Other - - - - - - 

Microbiology APO Micro > APO  
OR: 4.3 a 

Micro > APO 
OR: 2.6 a 

Micro > APO 
OR: 2.6 a 

Micro > APO 
OR: 2.6 a 

note b Micro > APO 
OR: 3.8 a 

EE - - - - - - 

General 
Biology 

note b - - Micro > Gen 
OR: 2.4 a 

- Micro > Gen  
OR: 2.3 a 

Other - - - - - - 

Anatomy, 
Physiology, & 
Organismal 
Biology (APO) 

EE EE > APO  
OR: 2.4 a 

EE > APO  
OR: 2.1 a 

EE > APO  
OR: 1.9 a 

EE > APO  
OR: 2.3 a 

- EE > APO  
OR: 2.7 a 

General 
Biology 

note b - - - - - 

Other Other > APO  
OR: 2.3 a 

Other > APO 
OR: 2.6 a 

- - - Other > APO 
OR: 2 a 

Ecology & 
Evolutionary 
Biology (EE) 

General 
Biology 

- - - - - - 

Other - - - - - - 

General 
Biology 

Other - - - - - - 
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Supplemental Table 9. Results of RQ3 modeling. 
a Both models contained respondent, learning outcome, and course as random effects and student-
instructor agreement as the outcome variable. Additional fixed effect predictor variables are indicated. 
b Mean and upper and lower bounds of 95% credible intervals of the posterior distribution for each of 
the Bayesian multilevel logistic regression models. Boldface indicates estimates with 95% credible 
intervals that did not cross zero.  
c The terms mcse, sd, and n_eff are diagnostic statistics related to the MCMC chains, indicating model 
performance. mcse is the Monte Carlo standard error, representing the randomness associated with 
each MCMC estimation run. Low values of mcse relative to sd are desirable as large relative values will 
mask variation that is used to quantify the uncertainty in the estimate (i.e. the credible intervals). mcse 
is approximated by dividing the posterior standard deviation (sd) by the square root of the effective 
sample size (n_eff), where n_eff is the effective number of independent simulation draws within each 
MCMC chain. If the draws were independent, n_eff would be 4,000 (4 chains x (2,000 iterations – 1,000 
iterations of warm up)), but Markov chain simulations are almost always autocorrelated so n_eff is 
usually smaller than 4,000.     

Predictor variable a Level Meanb 2.50%b 97.50%b sd c mcse c n_eff c 

Model 6: Student-Instructor Agreement 

 (Intercept) 0.88 0.29 1.49 0.3 0.01 1305 

Core Competency 
(ref = Quantitative 
Reasoning) 

Process of Science -0.61 -1.24 0.04 0.33 0.01 1261 

Modeling -1.07 -1.79 -0.36 0.37 0.01 1489 

Interdisciplinary Nature of Science -0.96 -1.78 -0.16 0.41 0.01 1464 

Communication & Collaboration -0.28 -1.02 0.41 0.36 0.01 1397 

Science & Society -0.12 -0.84 0.6 0.37 0.01 1605 

Model 7: Student-Instructor Agreement 

 (Intercept) 0.09 -0.36 0.55 0.23 0.01 1341 

Core Competency 
(ref = Quantitative 
Reasoning) 

Process of Science -0.28 -0.76 0.2 0.24 0.01 1239 

Modeling -0.7 -1.25 -0.19 0.26 0.01 1505 

Interdisciplinary Nature of Science -0.45 -1.03 0.11 0.29 0.01 1814 

Communication & Collaboration 0.21 -0.29 0.72 0.25 0.01 1378 

Science & Society 0.44 -0.11 0.99 0.27 0.01 1294 

Whether Learning 
Outcome Was 
Represented on 
Exam(s) (ref = Not 
on Exam(s)) On Exam(s) 0.63 0.42 0.84 0.1 0 4187 
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Predictor variable a Level Meanb 2.50%b 97.50%b sd c mcse c n_eff c 

Whether Learning 
Outcome Was 
Reported Assessed 
(ref = Not Assessed) Reported Assessed 0.55 0.4 0.7 0.08 0 5279 

Whether Learning 
Outcome Was 
Represented on 
Syllabus (ref = Not 
on Syllabus) On Syllabus -0.16 -0.33 0.02 0.09 0 5498 
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Supplemental Material 4. Supplemental Methods 

Survey Development 

Initial Drafting 
The first version of the BioSkills Curriculum Survey was developed as part of a multi-year 
curriculum review effort by a biology department at an R1 research university in the 
Northwestern United States. The goal was to gather department-wide data on the teaching of 
Vision and Change core competencies in order to identify gaps and redundancies in the 
curriculum. Thus, the survey was designed to measure current curricular alignment with 
program-level outcomes in the BioSkills Guide. The first survey draft was informed by a review 
of practitioner’s resources for curriculum mapping (e.g., Allen, 2004; Hale, 2008; Partnership for 
Undergraduate Life Sciences Education, 2018), best practices in survey design (Dillman, Smyth, 
& Christian, 2014), and year-long conversations on the undergraduate curriculum committee in 
which two of the authors were involved (AWC, AJC).  
 
This first survey draft asked instructors to report on the “extent of teaching” for each of the 20 
BioSkills program-level learning outcomes. The question “To what extent is [learning outcome] 
taught in your course?” included the response options: “not covered”, “students are exposed to 
this”, “students practice this”, “students are graded on this”, and “this is a primary focus of the 
course”. We tested this draft through think-aloud interviews (Willis, 1999) with three biology 
faculty, an initial pilot survey in which approximately 50 faculty in one biology department 
participated, and a round table discussion at a national biology education conference. 
 
The round table aimed to test whether the survey elicited consistent and expected 
interpretations by biology instructors outside of the institution where it was developed. 
Participants were undergraduate biology educators from a variety of institutions and thus were 
representative of our intended users. We asked participants to individually write their answer 
to the first draft question stem: “To what extent was [this learning outcome] taught in the 
course you most recently taught?” for two different competency learning outcomes. We 
purposefully omitted response options to see how respondents interpreted “extent of 
teaching”. Responses revealed at least 6 different types of responses (e.g., mastery, complexity, 
frequency, vague quantifiers) (see also Marbach-Ad et al., 2010). We concluded that “extent of 
teaching”, despite being commonly used in other curriculum mapping approaches (e.g., those 
that employ introductory, developing, mastery categories), was too vague a construct for use in 
a survey with fixed response options. This finding is corroborated by research evaluating 
methods for measuring alignment with curricular standards in K-12 education and methods for 
measuring the impact of professional development. There, researchers found that surveys are 
not valid or reliable methods for reporting on “depth” or other evaluative measures of teaching 
(Burstein et al., 1995; Desimone, 2009; Porter, 2002). However, surveys were found to be valid 
ways of measuring descriptions of the content of lessons and frequency of behaviors. Thus, we 
revised the survey question to focus on the frequency of teaching, operationalized as number 
of class sessions. 
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The curriculum survey was significantly revised based on this initial round of feedback. Most 
notably, we split the “extent of teaching” question into two components: teaching and 
assessment. To ask about teaching of core competencies, we revised the survey to ask about 
frequency of teaching, adapting a frequency response scale used in another survey instrument 
for college instructors and students (Marbach-Ad, Ziemer, Orgler, & Thompson, 2014). To ask 
about assessment of core competencies, we added questions about whether and how the 
learning outcomes were assessed. We added this based on the fact that curriculum mapping is 
often a precursor to programmatic student assessment, in order to identify courses where 
desired assessment data can be collected. We wished to enable departments using the BioSkills 
Curriculum Survey to apply data about how core competencies are already being assessed to 
develop programmatic assessment plans. Furthermore, by reporting on assessment, we learn 
more about the instructor’s relative emphasis of that learning outcome in their broader course, 
thus approximating some of the information desired with the “extent of teaching” question in 
the first draft.  
 
We tested the revised survey through additional think-aloud interviews with seven biology 
instructors from five different institutions and expert review by one survey methodologist and 
four discipline-based education researchers. Through this testing we introduced small revisions 
to the response scale and instructional language. 

Think-Aloud Interviews 

We tested iterative revisions of the instructor BioSkills Curriculum Survey for evidence of 
eliciting valid response processes through one-on-one think-aloud interviews (Willis, 1999). Ten 
total think-aloud interviews were conducted over the course of five revisions. We asked 
instructors to think aloud as they responded to the survey for a subset of learning outcomes 
(survey length was reduced for time). We purposefully included learning outcomes spanning a 
range of competencies (e.g., Numeracy and Collaboration) in this subset to elicit a range of 
different possible responses. All interviews were recorded and listened to post-interview to 
identify themes. Think-aloud interviews informed a number of revisions including adjustments 
to the response scale, examples, question stems, and other instructional language. 

Web Probing Questions 

We included web probing questions (Behr, Meitinger, Braun, & Kaczmirek, 2017) when 
administering both the five-department instructor survey and the ten-course student survey to 
evaluate whether the survey elicited valid response processes when reporting on teaching 
frequency. In short, we used thematic analysis to see if open-ended responses to web-probing 
questions were in alignment with corresponding closed-ended responses.  
 
For three of the 20 program-level learning outcomes, respondents were asked “How did you 
decide to select [response option inserted] for [learning outcome]?”, with the full text of the 
original question repeated below (i.e. “How frequently was [learning outcome] taught in this 
course?”, followed by the learning outcome text). Respondents were given an open textbox to 
respond to the probing question. Of the three assigned learning outcomes, two were always 
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the same: Numeracy and Science’s Impact on Society. The third was a randomly assigned 
learning outcome from one of the four remaining competencies (Process of Science, Modeling, 
Interdisciplinary Nature of Science, or Communication & Collaboration). 
 
Two coders (A.W.C and D.D.) qualitatively coded the nature of the probing responses. For the 
instructor survey, all three probe responses for all instructor-course combinations that were 
included in the final dataset (i.e. after data cleaning) were coded (345 total probe responses 
coded). There was a 2.3% non-response rate across probing questions for the instructor survey 
(eight of 353 responses). For the student survey, there were a total of 786 probe responses 
across the 262 student-course combinations in the student dataset after cleaning, only two of 
which were skipped (0.25% non-response rate). Just one probe response was coded per 
student-course combination. To maximize the breadth of responses analyzed, we chose the 
randomly assigned learning outcome probe responses for coding, but replaced a randomly 
selected subset with responses from Numeracy and Science’s Impact on Society.  
 
We used the constant comparative method to code web probing responses (Glaser, 1965). 
Specifically, both coders reviewed a subset of responses to identify themes, and then discussed 
until consensus was reached on the most representative themes. We identified four non-
mutually exclusive codes. We interpreted three of these codes as representing valid response 
processes, aligned with the intended meaning and purpose of the survey: (1) responses that 
included counting or other time estimation (“three labs”, “nearly every lecture”); (2) responses 
that recalled specific course topics or student work relating to that learning outcome (“during 
the unit on ecosystems”, “the final project includes this”); (3) responses that justified response 
based on the nature of the course (“this is a biostatistics course and so numeracy is the primary 
goal”). The fourth code was for responses with evidence of some type of survey error (“I’m not 
sure what the learning outcome means”, “I briefly touch on this in many class sessions, which in 
total adds up to one class session”) (Tourangeau, Rips, & Rasinski, 2000). Both coders coded all 
probe responses included in the analysis (i.e. 345 and 262 responses for the instructor and 
student surveys, respectively). After individual coding, all responses coded with one of the 
three codes representing valid response processes were pooled into a single “valid response 
process” code. This pooling was done because we were only interested in whether respondents 
used valid response processes, not which valid response process they used. We then compared 
“valid response process” and “survey error” coding and discussed any discrepancies until we 
came to consensus. Prior to reconciliation, we agreed on 95% and 92.5% of “valid response 
process” codes and 92% and 85% of “survey error” codes for the instructor and student survey 
responses, respectively. 
 
We found that the vast majority of respondents used valid response processes (96.2% of 
instructor responses, 91.7% of student responses) and that responses indicating survey error 
were relatively uncommon (10.4% of instructor responses, 15.9% of student responses) 
(Supplemental Table 1). We did not exclude responses coded with survey error due to web 
probing responses from the final data set unless there was a secondary corroborating reason to 
believe the response was wholly invalid and should be discarded (e.g., survey was completed in 
too short of time) as described below in Data Cleaning sections.  
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We then isolated the probe responses with survey error and examined them for themes. Note 
that use of this code was not mutually exclusive with a valid response process code (8.7% and 
7.6% of instructor and student probe responses were coded with both valid and invalid 
response processes, respectively). Among responses with evidence of survey error, the majority 
of these cases corresponded to difficulty in mapping infrequent intermittent teaching to the 
given response options. For example, “I touch on Science’s Impact on Society briefly about once 
a week. Since each of these cases are short, they add up to one class session”. This response 
indicates that the response options may not be appropriate for brief lessons. This error likely 
led to a more conservative estimation of teaching. The second most common type of survey 
error involved difficulty mapping responses that fell in between “a few class sessions” and 
“about half of class sessions”. In courses taught in a semester system, where courses may have 
a total of ~45 class sessions, ten class sessions would be more than a few but less than half.  
 

Notes on Future Use of the BioSkills Curriculum Survey 
Departments that are planning to use the BioSkills Curriculum Survey may want to consider 
tailoring the survey for their specific purposes. For example, future users may want to increase 
or decrease the number of teaching frequency options given. Our results showed that the 
option “one class session” was rarely selected relative to “not taught” and “a few class 
sessions”. In addition, probing responses indicated that some instructors, especially those who 
taught on a semester system, wished for an option in between “a few” and “about half of class 
sessions”. Thus, we would propose to combine “one” and “a few class sessions” to “one or a 
few class sessions” and then add a response option in between this option and “about half of 
class sessions”. Finally, our analysis of probing questions revealed that some instructors were 
uncertain how to respond for learning outcomes that are taught for short periods of time in 
many class sessions (i.e. whether to report all of the instances (“most class sessions”) or 
whether to “add up” the instances and report the summed time (“one class session”)). This 
likely led to a more conservative estimate of teaching frequency for these learning outcomes. 
Clarifying language could be included in the survey instructors to reduce this issue. 

Additional Details about Survey Data Cleaning 

Instructor Survey 

As described in Methods, approximately 112 instructors across the five departments initiated 
the survey. The exact number of unique instructors who initiated the survey cannot be 
determined because instructors in two of the five departments completed the survey 
anonymously and thus may be counted more than once if they started a new survey session to 
report on additional courses (e.g., they reported on a first course from their work computer and 
a second course from their home computer). This initial dataset included 215 instructor-course 
combinations, which is defined as a particular instructor reporting on a particular course. 
 
Of the 215 initial instructor-course combinations, nine instructor-course combinations did not 
include responses to any questions about teaching or assessment, and ten instructor-course 
combinations included teaching frequency responses for ten or fewer learning outcomes (out 
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of 20 total possible). Of the ten partial responses, nine were cases where instructors left the 
survey early (breakoffs) and therefore missing data is MCAR because competencies were 
presented in random order. These 19 incomplete instructor-course combinations were 
removed from the dataset.  
 
Of the remaining 196 instructor-course combinations, an additional nine instructor-course 
combinations were removed for one or more of the following reasons: the instructor reported 
on only a lab component when the course was determined to include both lecture and lab, the 
course was not in a biology department, the course was exclusively or primarily graduate level. 
We also checked all responses for evidence of invalid response processes, such as the use of 
only one response option (i.e. straight-lining) or taking less time to complete the survey relative 
to the time we determined it took to read every question. We found no evidence of invalid 
responses of this sort among instructors.  
 
The final instructor dataset included 187 instructor-course combinations. Among this set, only 
two instructor-course combinations contained missing data for teaching frequency: one 
instructor-course combination had missing data for whether a learning outcome was assessed, 
and six instructor-course combinations had missing data for how a learning outcome was 
assessed. In all cases, the learning outcomes with missing data were different.  

Student Survey 

As described in Methods, 10 biology instructors in one department invited their students to 
complete the survey (306 enrolled students). The initial student dataset included 270 student-
course combinations (a particular student reporting on a particular course). The 10 instructors 
included two who were teaching different sections of a course-based undergraduate research 
experience course with shared lecture and exams but separate lab sections. These were treated 
as separate courses since the course was lab-focused and labs were run independently by the 
two instructors. Additionally, we anticipated that a survey about competencies was likely to 
elicit reflection on experiences in lab. 
 
Of the 270 initial student-course combinations, eight were removed for one or more of the 
following reasons: using only one response option (i.e. straight-lining) in combination with not 
responding to any web probing questions, taking less than three minutes to complete the 
survey (3.5 minutes was determined to be the minimum amount of time required to read all 
survey questions), not responding to over half of assigned questions, or completing the survey 
twice for the same course (student was identified by name; both instances were removed). The 
final dataset included 262 student-course combinations. There was no missing data (i.e. skipped 
survey questions) in the final student dataset. 

Additional Details on Modeling  

Model Design, Parameters, and Evaluation of Fit 
We fit logistic regression models because each of our outcome variables (i.e. whether or not a 
learning outcome was: reported taught, reported assessed, or reported assessed with a 
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particular mode) were binary. We fit multilevel models to account for clustering in our data 
(multiple responses regarding a particular course, multiple responses from a given respondent, 
multiple learning outcomes within each core competency). Random effects account for 
particular features of the data. The course random effects allowed us to “borrow strength” 
across implementations – small departments – while honoring the amount of information 
provided by each. The respondent random effect accounts for the repeated measures nature of 
the data wherein each respondent answered multiple questions, which were all included in the 
model (i.e. responses for each of the 20 learning outcomes). The learning outcome random 
effect accounts for the inherent nested structure of the data, accounting for different 
intercepts of each learning outcome. We fit these models in a Bayesian framework because 
understanding the variation within and across each predictor variable (e.g., Process of Science 
vs. Quantitative Reasoning) was paramount to our research questions. By summarizing 
Bayesian posterior probabilities, we increased accuracy of comparisons between multiple 
groups (Gelman & Hill, 2007). 
 
For most models we used the default, weakly informative priors of mean 0 and sd 2.5. There 
were a few models for which the outcome variable and data structure combination benefitted 
from more informative priors. In those cases, we used priors of mean 0 and sd 1. We ran four 
parallel MCMC chains of 1,000 each. Each model also included burn-in time of 1,000 iterations, 
which was sufficient to ensure convergence, as judged by visual inspection of chain histories 
(via the shinystan R package (Muth et al., 2018)) and the Gelman-Rubin statistic (Rhat ≈ 1 for all 
parameters in all models (Brooks & Gelman, 1998)). We checked model fit by comparing 
posterior predictions to unmodeled data (Supplemental Figure 2) and by examining the Pareto 
k distribution and standard deviation of the random effects (Supplemental Table 4; see below 
for details of two models that had suboptimal Pareto k distributions). 

Pareto k 

Pareto k is an estimate useful in the importance sampling process. Pareto k estimates how far 
an individual leave-one-out distribution is from the full distribution. If leaving one observation 
out changes the posterior distribution substantially, the importance sampling cannot generate 
reliable estimates. Pareto k values of >0.5 and <0.7 indicate that the accuracy of the importance 
sampling is lower but still ok; Pareto k values >0.7 indicate that the importance sampling does 
not generate a useful estimate when that observation is left out (see Vehtari et al., 2020 for 
details). All Pareto k values were good (k<0.5) for seven of the ten models, indicating great fit of 
each of those models. The number of pareto k values above 0.5 (“ok”) or 0.7 (“bad”) are shown 
in Supplemental Table 4. Specifically, Model 2c had one “ok” value, Model 4 had 24 “ok” values 
and 3 “bad” values, and Model 5 had 14 “ok” values. For Models 4 and 5, we determined that 
the suboptimal results were caused by the uneven distribution of the response variable (i.e. 
reporting the use of exams or writing, presentations, or projects as an assessment mode) within 
particular levels of the course and respondent random effects. This arose because the dataset 
used for Models 4 and 5 only included instructor-course combinations where a learning 
outcome was reported both taught and assessed. In this reduced dataset, some courses or 
respondents reported assessment with only one assessment mode (e.g., a course that only uses 
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exams for assessment or a respondent who never uses writing, presentations, or projects). By 
refitting Models 4 and 5 removing random effects for course and respondent, the Pareto k 
values returned to “good” values. The results of these models were qualitatively equivalent in 
direction and magnitude to the results of the models with all three random effects. We chose 
to present the data of the models with all three random effects since they better control for 
non-independence within the data and therefore should be better estimates. 
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Supplemental Material 5. BioSkills Curriculum Survey for 
Instructors. 
Questionnaire used to gather data on instructor perceptions of teaching and assessment of 
core competencies for RQ1, RQ2, and RQ3. Survey logic presented competencies as blocks in a 
random order. All web probing questions are shown, but survey logic dictated that respondents 
were only shown three total probing questions.  
 
The version of the questionnaire administered in Department E is shown. The questionnaire 
varied slightly across departments, depending on preference of pilot collaborator (welcome 
pages were customized, number of courses instructors were asked to report on varied from 2-
7, course characteristics questions varied as described in methods).  



:HOFRPH

:HOFRPH�WR�WKH�::8�%LRORJ\�VNLOOV�VXUYH\�

$V�D�GHSDUWPHQW��ZH�KDYH�PDGH�JRRG�SURJUHVV�LQ�GHILQLQJ�DQG�DVVHVVLQJ
WKH�FRQFHSWV�DQG�NQRZOHGJH�ZH�ZDQW�RXU�ELRORJ\�PDMRUV�WR�NQRZ��:H�DUH�QRZ
IRFXVLQJ�RXU�HIIRUWV�RQ�WKH�VNLOOV�ZH�ZDQW�RXU�VWXGHQWV�WR�KDYH�E\�WKH�WLPH�WKH\
JUDGXDWH��7KH�VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\�DUH�EDVHG�RQ�QDWLRQDO�UHFRPPHQGDWLRQV
�VHH�UHSRUW�IURP�16)��++0,��DQG�$$$6�DQG�%LR6NLOOV�*XLGH���7KH�UHVXOWV�RI�WKLV
VXUYH\�ZLOO�EH�D�PDMRU�IRFXV�RI�WKLV�\HDU¶V�SURJUDPPDWLF�DVVHVVPHQW�DQG�ZLOO�DGGUHVV
WZR�RI�RXU�WKUHH�VWXGHQW�OHDUQLQJ�RXWFRPHV��7KHVH�GDWD�ZLOO�EH�FRPSLOHG�WR�SURYLGH�WKH
GHSDUWPHQW�ZLWK�DQ�RYHUYLHZ�RI�VNLOOV�EHLQJ�WDXJKW�LQ�WKH�FRXUVHV�FXUUHQWO\�RIIHUHG�WR
ELRORJ\�PDMRUV��ZLWK�WKH�DLP�RI�LGHQWLI\LQJ�JDSV�DQG�VWUHQJWKV�LQ�RXU�XQGHUJUDGXDWH
VNLOOV�WUDLQLQJ���

:H¶UH�FROODERUDWLQJ�ZLWK�ELRORJ\�HGXFDWLRQ�UHVHDUFKHUV�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ
ZKR�DUH�GHYHORSLQJ�WRROV�WR�UHIOHFW�RQ�DQG�LQWHJUDWH�VNLOOV�WUDLQLQJ�LQWR�XQGHUJUDGXDWH
ELRORJ\��7KLV�VXUYH\�LV�SDUW�RI�D�PXOWL�LQVWLWXWLRQDO�SLORW��DQG�RXU�SDUWLFLSDWLRQ�ZLOO�KHOS�WR
UHILQH�WKH�VXUYH\�IRU�EURDGHU�XVH�

7KDQN�\RX�IRU�SDUWLFLSDWLQJ�LQ�WKLV�LPSRUWDQW�SURJUDPPDWLF�HQGHDYRU�

,QVWUXFWLRQV

,QVWUXFWLRQV�
<RX�ZLOO�EH�DVNHG�KRZ�IUHTXHQWO\��LI�DW�DOO��\RX�WHDFK�FHUWDLQ�VFLHQWLILF�DQG�ZRUNSODFH
VNLOOV�LQ�\RXU�FRXUVH�V���3OHDVH�QRWH�WKDW�QRW�HYHU\�VNLOO�FDQ�RU�VKRXOG�EH�WDXJKW�LQ
HYHU\�FRXUVH��DQG�PRVW�FRXUVHV�ZLOO�LQFOXGH�FRQWHQW��FRQFHSWV��DWWLWXGHV��DQG�RWKHU
JRDOV�WKDW�DUH�QRW�DGGUHVVHG�LQ�WKLV�VXUYH\��)RU�VNLOOV�WKDW�DUH�WDXJKW�LQ�\RXU�FRXUVH�
\RX�ZLOO�DOVR�EH�DVNHG�DERXW�DVVHVVPHQW��
�
7KH�GDWD�ZLOO�EH�FRPELQHG�ZLWK�GDWD�IURP�RWKHU�FRXUVHV�LQ�WKH�GHSDUWPHQW�WR�EHWWHU
XQGHUVWDQG�WKH�RSSRUWXQLWLHV�RXU�XQGHUJUDGXDWHV�KDYH�WR�JDLQ�WKHVH�VNLOOV�WKURXJKRXW
WKHLU�HGXFDWLRQ��7KH�GDWD�ZLOO�QRW�EH�XVHG�IRU�LQGLYLGXDO�HYDOXDWLRQ�RI�FRXUVHV�RU
LQVWUXFWRUV�
�
<RX�ZLOO�DOVR�RFFDVLRQDOO\�EH�DVNHG�WR�H[SODLQ�\RXU�UHVSRQVHV��<RXU�UHVSRQVHV�ZLOO�EH
XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH�XVH�

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_55pALW9TbQJWcV7
https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_3PnLJFKlA2HGTyd
https://qubeshub.org/qubesresources/publications/1305


3OHDVH�HQWHU�\RXU�QDPH��

<RX�ZLOO�EH�DVNHG�WR�UHSRUW�RQ�VNLOOV�WDXJKW�LQ�HDFK�FRXUVH�\RX�KDYH�WDXJKW�LQ�WKH�ODVW
WZR�\HDUV��<RXU�UHVSRQVHV�ZLOO�EH�DXWRPDWLFDOO\�VDYHG�DV�\RX�SURJUHVV�WKURXJK�WKH
VXUYH\�

<RX�GR�QRW�QHHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW��QRQ�PDMRUV�FRXUVHV������OHYHO��
LQGHSHQGHQW�VWXG\�DQG�UHVHDUFK�FRXUVHV����������������������������VHPLQDU
SDUWLFLSDWLRQ��LQWHUQVKLSV��DQG�WHDFKLQJ�SUDFWLFXP�FRXUVHV������������������RU�JUDGXDWH
OHYHO�FRXUVHV��������
��
(QWHU�WKH�FRXUVH�QXPEHU�RI�DQ�XQGHUJUDGXDWH�ELRORJ\�FRXUVH�\RX�KDYH�WDXJKW�LQ�WKH
ODVW�WZR�\HDUV��H�J���������

<RX�DUH�ZHOFRPH�WR�UHSRUW�RQ�VNLOOV�WHDFKLQJ�LQ�DQ\�FRPSRQHQWV�RI�WKLV�FRXUVH�WKDW�\RX
DUH�VXIILFLHQWO\�IDPLOLDU�ZLWK��:KLFK�FRPSRQHQWV�RI�WKLV�FRXUVH�ZLOO�\RX�EH�UHSRUWLQJ
RQ"��VHOHFW�DOO�WKDW�DSSO\�

:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�WKH�SULPDU\�IRFXV�RI�WKLV�FRXUVH"��SOHDVH�VHOHFW
RQH�

%,2/

/HFWXUH
/DE
)LHOG

2WKHU��SOHDVH�VSHFLI\�

(FRORJ\�(YROXWLRQDU\�%LRORJ\
0LFURELRORJ\
0ROHFXODU�&HOOXODU�'HYHORSPHQWDO�%LRORJ\
3K\VLRORJ\�$QDWRP\�2UJDQLVPDO�%LRORJ\
*HQHUDO�%LRORJ\

2WKHU��SOHDVH�VSHFLI\��



36�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���
�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

6FLHQWLILF�7KLQNLQJ��([SODLQ�KRZ�VFLHQFH�JHQHUDWHV�NQRZOHGJH�RI�WKH�QDWXUDO
ZRUOG�

�

+RZ�IUHTXHQWO\�LV�6FLHQWLILF�7KLQNLQJ�WDXJKW�LQ�WKLV�FRXUVH"

,V�6FLHQWLILF�7KLQNLQJ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�6FLHQWLILF�7KLQNLQJ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

,QIRUPDWLRQ�/LWHUDF\��/RFDWH��LQWHUSUHW��DQG�HYDOXDWH�VFLHQWLILF�LQIRUPDWLRQ�
�

+RZ�IUHTXHQWO\�LV�,QIRUPDWLRQ�/LWHUDF\�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


,V�,QIRUPDWLRQ�/LWHUDF\�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�,QIRUPDWLRQ�/LWHUDF\�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

4XHVWLRQ�)RUPXODWLRQ��3RVH�WHVWDEOH�TXHVWLRQV�DQG�K\SRWKHVHV�WR�DGGUHVV�JDSV
LQ�NQRZOHGJH�

�

+RZ�IUHTXHQWO\�LV�4XHVWLRQ�)RUPXODWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�4XHVWLRQ�)RUPXODWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



+RZ�LV�4XHVWLRQ�)RUPXODWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

6WXG\�'HVLJQ��3ODQ��HYDOXDWH��DQG�LPSOHPHQW�VFLHQWLILF�LQYHVWLJDWLRQV�
�

+RZ�IUHTXHQWO\�LV�6WXG\�'HVLJQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�6WXG\�'HVLJQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�6WXG\�'HVLJQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV�
ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ��,QWHUSUHW��HYDOXDWH��DQG�GUDZ�FRQFOXVLRQV�IURP
GDWD�LQ�RUGHU�WR�PDNH�HYLGHQFH�EDVHG�DUJXPHQWV�DERXW�WKH�QDWXUDO�ZRUOG�

�

+RZ�IUHTXHQWO\�LV�'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV



,V�'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH
H[DP�TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

'RLQJ�5HVHDUFK��$SSO\�VFLHQFH�SURFHVV�VNLOOV�WR�DGGUHVV�D�UHVHDUFK�TXHVWLRQ�LQ
D�FRXUVH�EDVHG�RU�LQGHSHQGHQW�UHVHDUFK�H[SHULHQFH�

�

+RZ�IUHTXHQWO\�LV�'RLQJ�5HVHDUFK�WDXJKW�LQ�WKLV�FRXUVH"

,V�'RLQJ�5HVHDUFK�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�'RLQJ�5HVHDUFK�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV�
ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



36�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

6FLHQWLILF�7KLQNLQJ��([SODLQ�KRZ�VFLHQFH�JHQHUDWHV�NQRZOHGJH�RI�WKH�QDWXUDO�ZRUOG��

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
,QIRUPDWLRQ�/LWHUDF\��/RFDWH��LQWHUSUHW��DQG�HYDOXDWH�VFLHQWLILF�LQIRUPDWLRQ�
�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

4XHVWLRQ�)RUPXODWLRQ��3RVH�WHVWDEOH�TXHVWLRQV�DQG�K\SRWKHVHV�WR�DGGUHVV�JDSV�LQ
NQRZOHGJH�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

6WXG\�'HVLJQ��3ODQ��HYDOXDWH��DQG�LPSOHPHQW�VFLHQWLILF�LQYHVWLJDWLRQV�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ��,QWHUSUHW��HYDOXDWH��DQG�GUDZ�FRQFOXVLRQV�IURP�GDWD
LQ�RUGHU�WR�PDNH�HYLGHQFH�EDVHG�DUJXPHQWV�DERXW�WKH�QDWXUDO�ZRUOG�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

'RLQJ�5HVHDUFK��$SSO\�VFLHQFH�SURFHVV�VNLOOV�WR�DGGUHVV�D�UHVHDUFK�TXHVWLRQ�LQ�D
FRXUVH�EDVHG�RU�LQGHSHQGHQW�UHVHDUFK�H[SHULHQFH�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



45�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���
�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

1XPHUDF\��8VH�EDVLF�PDWKHPDWLFV��H�J���DOJHEUD��SUREDELOLW\��XQLW�FRQYHUVLRQV�
LQ�ELRORJLFDO�FRQWH[WV�

�

+RZ�IUHTXHQWO\�LV�1XPHUDF\�WDXJKW�LQ�WKLV�FRXUVH"

,V�1XPHUDF\�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�1XPHUDF\�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV��ODE
UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV��$SSO\�WKH�WRROV�RI�JUDSKLQJ�
VWDWLVWLFV��DQG�GDWD�VFLHQFH�WR�DQDO\]H�ELRORJLFDO�GDWD�

�

+RZ�IUHTXHQWO\�LV�4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV�WDXJKW�LQ�WKLV
FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


,V�4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV�DVVHVVHG�LQ�WKLV�FRXUVH��H�J��
IUHH�UHVSRQVH�H[DP�TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

45�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
1XPHUDF\��8VH�EDVLF�PDWKHPDWLFV��H�J���DOJHEUD��SUREDELOLW\��XQLW�FRQYHUVLRQV��LQ
ELRORJLFDO�FRQWH[WV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'���&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV��$SSO\�WKH�WRROV�RI�JUDSKLQJ��VWDWLVWLFV�
DQG�GDWD�VFLHQFH�WR�DQDO\]H�ELRORJLFDO�GDWD�

06�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���
�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

3XUSRVH�RI�0RGHOV��5HFRJQL]H�WKH�LPSRUWDQW�UROHV�WKDW�VFLHQWLILF�PRGHOV��RI
PDQ\�GLIIHUHQW�W\SHV��FRQFHSWXDO��PDWKHPDWLFDO��SK\VLFDO��HWF����SOD\�LQ
SUHGLFWLQJ�DQG�FRPPXQLFDWLQJ�ELRORJLFDO�SKHQRPHQD�

�

+RZ�IUHTXHQWO\�LV�3XUSRVH�RI�0RGHOV�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


,V�3XUSRVH�RI�0RGHOV�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�3XUSRVH�RI�0RGHOV�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

0RGHO�$SSOLFDWLRQ��0DNH�LQIHUHQFHV�DQG�VROYH�SUREOHPV�XVLQJ�PRGHOV�DQG
VLPXODWLRQV�

�

+RZ�IUHTXHQWO\�LV�0RGHO�$SSOLFDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�0RGHO�$SSOLFDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�0RGHO�$SSOLFDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



0RGHOLQJ��%XLOG�DQG�HYDOXDWH�PRGHOV�RI�ELRORJLFDO�V\VWHPV�
�

+RZ�IUHTXHQWO\�LV�0RGHOLQJ�WDXJKW�LQ�WKLV�FRXUVH"

,V�0RGHOLQJ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�0RGHOLQJ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV��ODE
UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

06�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

3XUSRVH�RI�0RGHOV��5HFRJQL]H�WKH�LPSRUWDQW�UROHV�WKDW�VFLHQWLILF�PRGHOV��RI�PDQ\
GLIIHUHQW�W\SHV��FRQFHSWXDO��PDWKHPDWLFDO��SK\VLFDO��HWF����SOD\�LQ�SUHGLFWLQJ�DQG
FRPPXQLFDWLQJ�ELRORJLFDO�SKHQRPHQD�������

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

0RGHO�$SSOLFDWLRQ��0DNH�LQIHUHQFHV�DQG�VROYH�SUREOHPV�XVLQJ�PRGHOV�DQG
VLPXODWLRQV�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

0RGHOLQJ��%XLOG�DQG�HYDOXDWH�PRGHOV�RI�ELRORJLFDO�V\VWHPV�

,'�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH��,QWHJUDWH�FRQFHSWV�DFURVV�RWKHU�67(0
GLVFLSOLQHV��H�J���FKHPLVWU\��SK\VLFV��DQG�PXOWLSOH�ILHOGV�RI�ELRORJ\��H�J���FHOO
ELRORJ\��HFRORJ\��

�

+RZ�IUHTXHQWO\�LV�&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH�WDXJKW�LQ�WKLV�FRXUVH"

,V�&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�
UHVSRQVH�H[DP�TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ��&RQVLGHU�LQWHUGLVFLSOLQDU\�VROXWLRQV�WR�UHDO�
ZRUOG�SUREOHPV�

�

+RZ�IUHTXHQWO\�LV�,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


,V�,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�
UHVSRQVH�H[DP�TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

,'�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
�
&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH��,QWHJUDWH�FRQFHSWV�DFURVV�RWKHU�67(0�GLVFLSOLQHV
�H�J���FKHPLVWU\��SK\VLFV��DQG�PXOWLSOH�ILHOGV�RI�ELRORJ\��H�J���FHOO�ELRORJ\��HFRORJ\��

$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ��&RQVLGHU�LQWHUGLVFLSOLQDU\�VROXWLRQV�WR�UHDO�ZRUOG
SUREOHPV�

&&�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���
�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

&RPPXQLFDWLRQ��6KDUH�LGHDV��GDWD��DQG�ILQGLQJV�ZLWK�RWKHUV�FOHDUO\�DQG
DFFXUDWHO\�

�

+RZ�IUHTXHQWO\�LV�&RPPXQLFDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�&RPPXQLFDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


+RZ�LV�&RPPXQLFDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV�
ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

&ROODERUDWLRQ��:RUN�SURGXFWLYHO\�LQ�WHDPV�ZLWK�SHRSOH�ZKR�KDYH�GLYHUVH
EDFNJURXQGV��VNLOO�VHWV��DQG�SHUVSHFWLYHV�

�

+RZ�IUHTXHQWO\�LV�&ROODERUDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�&ROODERUDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�&ROODERUDWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV�
ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

&ROOHJLDO�5HYLHZ��3URYLGH�DQG�UHVSRQG�WR�FRQVWUXFWLYH�IHHGEDFN�LQ�RUGHU�WR
LPSURYH�LQGLYLGXDO�DQG�WHDP�ZRUN�

�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



+RZ�IUHTXHQWO\�LV�&ROOHJLDO�5HYLHZ�WDXJKW�LQ�WKLV�FRXUVH"

,V�&ROOHJLDO�5HYLHZ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�&ROOHJLDO�5HYLHZ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

0HWDFRJQLWLRQ��5HIOHFW�RQ�\RXU�RZQ�OHDUQLQJ��SHUIRUPDQFH��DQG�DFKLHYHPHQWV�
�

+RZ�IUHTXHQWO\�LV�0HWDFRJQLWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

,V�0HWDFRJQLWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



+RZ�LV�0HWDFRJQLWLRQ�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV�
ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

&&�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

&RPPXQLFDWLRQ��6KDUH�LGHDV��GDWD��DQG�ILQGLQJV�ZLWK�RWKHUV�FOHDUO\�DQG�DFFXUDWHO\������
���

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
&ROODERUDWLRQ��:RUN�SURGXFWLYHO\�LQ�WHDPV�ZLWK�SHRSOH�ZKR�KDYH�GLYHUVH�EDFNJURXQGV�
VNLOO�VHWV��DQG�SHUVSHFWLYHV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

&ROOHJLDO�5HYLHZ��3URYLGH�DQG�UHVSRQG�WR�FRQVWUXFWLYH�IHHGEDFN�LQ�RUGHU�WR�LPSURYH
LQGLYLGXDO�DQG�WHDP�ZRUN�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

0HWDFRJQLWLRQ��5HIOHFW�RQ�\RXU�RZQ�OHDUQLQJ��SHUIRUPDQFH��DQG�DFKLHYHPHQWV�

66�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�WKH�PRVW�UHFHQW�WLPH�WKDW�\RX
WDXJKW�%,2/�^T���4,'��&KRLFH7H[W(QWU\9DOXH��`���
�
)RU�D�OLVW�RI�DOO����VNLOOV�LQFOXGHG�LQ�WKLV�VXUYH\��FOLFN�KHUH�

(WKLFV��'HPRQVWUDWH�WKH�DELOLW\�WR�FULWLFDOO\�DQDO\]H�HWKLFDO�LVVXHV�LQ�WKH�FRQGXFW
RI�VFLHQFH�

�

+RZ�IUHTXHQWO\�LV�(WKLFV�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV

https://uwbiology.co1.qualtrics.com/CP/File.php?F=F_5pYi6qznlnLN7H7


,V�(WKLFV�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�(WKLFV�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP�TXHVWLRQV��ODE
UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

6RFLHWDO�,QIOXHQFHV��&RQVLGHU�WKH�SRWHQWLDO�LPSDFWV�RI�RXWVLGH�LQIOXHQFHV
�KLVWRULFDO��FXOWXUDO��SROLWLFDO��WHFKQRORJLFDO��RQ�KRZ�VFLHQFH�LV�SUDFWLFHG�

�

+RZ�IUHTXHQWO\�LV�6RFLHWDO�,QIOXHQFHV�WDXJKW�LQ�WKLV�FRXUVH"

,V�6RFLHWDO�,QIOXHQFHV�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�6RFLHWDO�,QIOXHQFHV�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH�H[DP
TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R



6FLHQFH¶V�,PSDFW�RQ�6RFLHW\��$SSO\�VFLHQWLILF�UHDVRQLQJ�LQ�GDLO\�OLIH�DQG
UHFRJQL]H�WKH�LPSDFWV�RI�VFLHQFH�RQ�D�ORFDO�DQG�JOREDO�VFDOH�

�

+RZ�IUHTXHQWO\�LV�6FLHQFH
V�,PSDFW�RQ�6RFLHW\�WDXJKW�LQ�WKLV�FRXUVH"

,V�6FLHQFH
V�,PSDFW�RQ�6RFLHW\�DVVHVVHG�LQ�WKLV�FRXUVH"

+RZ�LV�6FLHQFH
V�,PSDFW�RQ�6RFLHW\�DVVHVVHG�LQ�WKLV�FRXUVH��H�J���IUHH�UHVSRQVH
H[DP�TXHVWLRQV��ODE�UHSRUWV��KRPHZRUN�DVVLJQPHQWV�"�

66�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

<HV
1R

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
�
(WKLFV��'HPRQVWUDWH�WKH�DELOLW\�WR�FULWLFDOO\�DQDO\]H�HWKLFDO�LVVXHV�LQ�WKH�FRQGXFW�RI
VFLHQFH�����

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
6RFLHWDO�,QIOXHQFHV��&RQVLGHU�WKH�SRWHQWLDO�LPSDFWV�RI�RXWVLGH�LQIOXHQFHV��KLVWRULFDO�
FXOWXUDO��SROLWLFDO��WHFKQRORJLFDO��RQ�KRZ�VFLHQFH�LV�SUDFWLFHG�������������

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
6FLHQFH¶V�,PSDFW�RQ�6RFLHW\��$SSO\�VFLHQWLILF�UHDVRQLQJ�LQ�GDLO\�OLIH�DQG�UHFRJQL]H�WKH
LPSDFWV�RI�VFLHQFH�RQ�D�ORFDO�DQG�JOREDO�VFDOH�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



5HVWDUW�

2SWLRQDO��3OHDVH�VKDUH�DQ\�RWKHU�VNLOOV�WDXJKW�LQ�WKLV�FRXUVH�WKDW�VKRXOG�EH�FRQVLGHUHG
LQ�RXU�FXUULFXOXP�UHYLHZ�

2SWLRQDO��3OHDVH�VKDUH�DQ\�RWKHU�FRPPHQWV�RQ�WKLV�FRXUVH��

+DYH�\RX�WDXJKW�DQ\�RWKHU�XQGHUJUDGXDWH�ELRORJ\�FRXUVHV�LQ�WKH�SDVW�WZR
\HDUV"
�
<RX�GR�QRW�QHHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW��QRQ�PDMRUV�FRXUVHV������OHYHO��
LQGHSHQGHQW�VWXG\�DQG�UHVHDUFK�FRXUVHV����������������������������VHPLQDU
SDUWLFLSDWLRQ��LQWHUQVKLSV��DQG�WHDFKLQJ�SUDFWLFXP�FRXUVHV������������������RU�JUDGXDWH
OHYHO�FRXUVHV��������
�
1RWH�WKDW�LI�\RX�GR�QRW�KDYH�WLPH�WR�FRPSOHWH�WKH�VXUYH\�QRZ��\RXU�SURJUHVV�IURP�WKLV
VHVVLRQ�LV�VDYHG�LQ�\RXU�EURZVHU��7R�DFFHVV�LQ�SURJUHVV�VXUYH\��VLPSO\�IROORZ�VXUYH\
OLQN�XVLQJ�WKH�VDPH�FRPSXWHU�DQG�EURZVHU��$OWHUQDWLYHO\��LI�\RX�SUHIHU�WR�FRPSOHWH�WKH
VXUYH\�IURP�PXOWLSOH�FRPSXWHUV��\RX�PD\�DOVR�VXEPLW�WKLV�VXUYH\�DQG�VWDUW�D�QHZ
VHVVLRQ�ODWHU�

(QWHU�WKH�FRXUVH�QXPEHU�RI�DQRWKHU�XQGHUJUDGXDWH�ELRORJ\�FRXUVH�\RX�KDYH�WDXJKW�LQ
WKH�ODVW�WZR�\HDUV��H�J��������

<HV��,�KDYH�WDXJKW�DQRWKHU�FRXUVH
1R��H[LW�WKH�VXUYH\

%,2/
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Supplemental Material 6. BioSkills Curriculum Survey for 
Students.  
Questionnaire used to gather data on student perceptions of teaching of core competencies for 

RQ3. Survey logic presented competencies in a random order. All web probing questions 
are shown, but survey logic dictated that respondents were only shown three total probing 
questions. The questionnaire did not vary across courses. 



:HOFRPH

$W�::8�%LRORJ\��ZH�DUH�DOZD\V�VWULYLQJ�WR�LPSURYH�WKH�HGXFDWLRQ�ZH�RIIHU�WR�VWXGHQWV�
7KLV�\HDU�ZH�DUH�SD\LQJ�SDUWLFXODU�DWWHQWLRQ�WR�WKH�VNLOOV�EHLQJ�WDXJKW�LQ�RXU�FRXUVHV��

$V�D�VWXGHQW�LQ�RXU�ELRORJ\�SURJUDP��ZH�ZDQW�WR�KHDU�DERXW�\RXU�H[SHULHQFH��:H�DUH
DVNLQJ�\RX�WR�WDNH�D�a���PLQXWH�VXUYH\�WR�VKDUH�\RXU�WKRXJKWV�RQ�WKH�VNLOOV�WKDW�\RX
GHYHORSHG�LQ�%,2/�����7KH�VXUYH\�ZLOO�UHPDLQ�RSHQ�XQWLO���S�P��0RQGD\��'HFHPEHU
�WK�

3DUWLFLSDWLRQ�LQ�WKH�VXUYH\�LV�YROXQWDU\��$IWHU�WKH�VXUYH\�LV�FRPSOHWH��D�OLVW�RI�DOO
VWXGHQWV�ZKR�FRPSOHWHG�WKH�VXUYH\��EXW�QRW�WKHLU�DQVZHUV��ZLOO�EH�JLYHQ�WR�WKH
LQVWUXFWRU�VR�WKDW�\RX�FDQ�UHFHLYH�SRLQWV�IRU�FRPSOHWLQJ�WKH�VXUYH\��5HVSRQVHV�ZLOO
WKHQ�KDYH�WKH�QDPHV�UHPRYHG��DQG�UHVXOWV�RI�WKH�VXUYH\�ZLOO�EH�VXPPDUL]HG�EHIRUH
EHLQJ�UHSRUWHG��7KH�UHVXOWV�ZLOO�EH�XVHG�DV�SDUW�RI�D�ODUJHU�HIIRUW�WR�EHWWHU�XQGHUVWDQG
VNLOOV�WUDLQLQJ�LQ�RXU�SURJUDP��5HVXOWV�ZLOO�DOVR�EH�XVHG�E\�HGXFDWLRQ�UHVHDUFKHUV�WR
OHDUQ�DERXW�LPSURYHPHQW�HIIRUWV�VXFK�DV�WKLV�

7KDQN�\RX�YHU\�PXFK�IRU�\RXU�KHOS�

,QVWUXFWLRQV�
<RX�ZLOO�EH�DVNHG�KRZ�IUHTXHQWO\��LI�DW�DOO��FHUWDLQ�VFLHQWLILF�DQG�ZRUNSODFH�VNLOOV�ZHUH
WDXJKW�LQ�%,2/�����
��
<RX�ZLOO�DOVR�RFFDVLRQDOO\�EH�DVNHG�WR�H[SODLQ�\RXU�UHVSRQVHV��<RXU�UHVSRQVHV�WR
WKHVH�TXHVWLRQV�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH�XVH�

3OHDVH�HQWHU�\RXU�QDPH����7KLV�ZLOO�RQO\�EH�XVHG�VR�WKDW�\RX�FDQ�EH�JLYHQ�SRLQWV�IRU
FRPSOHWLQJ�WKLV�VXUYH\��<RXU�QDPH�ZLOO�QRW�EH�OLQNHG�ZLWK�DQ\�RI�\RXU�UHVSRQVHV��

36�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�\RXU�H[SHULHQFHV�LQ�%,2/����



6FLHQWLILF�7KLQNLQJ��([SODLQ�KRZ�VFLHQFH�JHQHUDWHV�NQRZOHGJH�RI�WKH�QDWXUDO
ZRUOG�

�

+RZ�IUHTXHQWO\�ZDV�6FLHQWLILF�7KLQNLQJ�WDXJKW�LQ�WKLV�FRXUVH"

,QIRUPDWLRQ�/LWHUDF\��/RFDWH��LQWHUSUHW��DQG�HYDOXDWH�VFLHQWLILF�LQIRUPDWLRQ�
�

+RZ�IUHTXHQWO\�ZDV�,QIRUPDWLRQ�/LWHUDF\�WDXJKW�LQ�WKLV�FRXUVH"

4XHVWLRQ�)RUPXODWLRQ��3RVH�WHVWDEOH�TXHVWLRQV�DQG�K\SRWKHVHV�WR�DGGUHVV�JDSV
LQ�NQRZOHGJH�

�

+RZ�IUHTXHQWO\�ZDV�4XHVWLRQ�)RUPXODWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ



6WXG\�'HVLJQ��3ODQ��HYDOXDWH��DQG�LPSOHPHQW�VFLHQWLILF�LQYHVWLJDWLRQV�
�

+RZ�IUHTXHQWO\�ZDV�6WXG\�'HVLJQ�WDXJKW�LQ�WKLV�FRXUVH"

'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ��,QWHUSUHW��HYDOXDWH��DQG�GUDZ�FRQFOXVLRQV�IURP
GDWD�LQ�RUGHU�WR�PDNH�HYLGHQFH�EDVHG�DUJXPHQWV�DERXW�WKH�QDWXUDO�ZRUOG�

�

+RZ�IUHTXHQWO\�ZDV�'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

'RLQJ�5HVHDUFK��$SSO\�VFLHQFH�SURFHVV�VNLOOV�WR�DGGUHVV�D�UHVHDUFK�TXHVWLRQ�LQ
D�FRXUVH�EDVHG�RU�LQGHSHQGHQW�UHVHDUFK�H[SHULHQFH�

�

+RZ�IUHTXHQWO\�ZDV�'RLQJ�5HVHDUFK�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



36�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

6FLHQWLILF�7KLQNLQJ��([SODLQ�KRZ�VFLHQFH�JHQHUDWHV�NQRZOHGJH�RI�WKH�QDWXUDO�ZRUOG��

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
,QIRUPDWLRQ�/LWHUDF\��/RFDWH��LQWHUSUHW��DQG�HYDOXDWH�VFLHQWLILF�LQIRUPDWLRQ�
�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

4XHVWLRQ�)RUPXODWLRQ��3RVH�WHVWDEOH�TXHVWLRQV�DQG�K\SRWKHVHV�WR�DGGUHVV�JDSV�LQ
NQRZOHGJH�



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

6WXG\�'HVLJQ��3ODQ��HYDOXDWH��DQG�LPSOHPHQW�VFLHQWLILF�LQYHVWLJDWLRQV�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

'DWD�,QWHUSUHWDWLRQ�	�(YDOXDWLRQ��,QWHUSUHW��HYDOXDWH��DQG�GUDZ�FRQFOXVLRQV�IURP�GDWD
LQ�RUGHU�WR�PDNH�HYLGHQFH�EDVHG�DUJXPHQWV�DERXW�WKH�QDWXUDO�ZRUOG�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

'RLQJ�5HVHDUFK��$SSO\�VFLHQFH�SURFHVV�VNLOOV�WR�DGGUHVV�D�UHVHDUFK�TXHVWLRQ�LQ�D
FRXUVH�EDVHG�RU�LQGHSHQGHQW�UHVHDUFK�H[SHULHQFH�

45�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�\RXU�H[SHULHQFHV�LQ�%,2/����

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



1XPHUDF\��8VH�EDVLF�PDWKHPDWLFV��H�J���DOJHEUD��SUREDELOLW\��XQLW�FRQYHUVLRQV�
LQ�ELRORJLFDO�FRQWH[WV�

�

+RZ�IUHTXHQWO\�ZDV�1XPHUDF\�WDXJKW�LQ�WKLV�FRXUVH"

4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV��$SSO\�WKH�WRROV�RI�JUDSKLQJ�
VWDWLVWLFV��DQG�GDWD�VFLHQFH�WR�DQDO\]H�ELRORJLFDO�GDWD�

�

+RZ�IUHTXHQWO\�ZDV�4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV�WDXJKW�LQ�WKLV
FRXUVH"

45�SUREH

<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�
��
1XPHUDF\��8VH�EDVLF�PDWKHPDWLFV��H�J���DOJHEUD��SUREDELOLW\��XQLW�FRQYHUVLRQV��LQ
ELRORJLFDO�FRQWH[WV�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'���&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

4XDQWLWDWLYH�	�&RPSXWDWLRQDO�'DWD�$QDO\VLV��$SSO\�WKH�WRROV�RI�JUDSKLQJ��VWDWLVWLFV�
DQG�GDWD�VFLHQFH�WR�DQDO\]H�ELRORJLFDO�GDWD�

06�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�\RXU�H[SHULHQFHV�LQ�%,2/����

3XUSRVH�RI�0RGHOV��5HFRJQL]H�WKH�LPSRUWDQW�UROHV�WKDW�VFLHQWLILF�PRGHOV��RI
PDQ\�GLIIHUHQW�W\SHV��FRQFHSWXDO��PDWKHPDWLFDO��SK\VLFDO��HWF����SOD\�LQ
SUHGLFWLQJ�DQG�FRPPXQLFDWLQJ�ELRORJLFDO�SKHQRPHQD�

�

+RZ�IUHTXHQWO\�ZDV�3XUSRVH�RI�0RGHOV�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



0RGHO�$SSOLFDWLRQ��0DNH�LQIHUHQFHV�DQG�VROYH�SUREOHPV�XVLQJ�PRGHOV�DQG
VLPXODWLRQV�

�

+RZ�IUHTXHQWO\�ZDV�0RGHO�$SSOLFDWLRQ�WDXJKW�LQ�WKLV�FRXUVH"

0RGHOLQJ��%XLOG�DQG�HYDOXDWH�PRGHOV�RI�ELRORJLFDO�V\VWHPV�
�

+RZ�IUHTXHQWO\�ZDV�0RGHOLQJ�WDXJKW�LQ�WKLV�FRXUVH"

06�SUREH

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV
&OLFN�&RXQW����FOLFNV



<RXU�UHVSRQVH�WR�WKH�IROORZLQJ�TXHVWLRQ�ZLOO�EH�XVHG�WR�LPSURYH�WKH�VXUYH\�IRU�IXWXUH
XVH��<RXU�WLPH�DQG�IHHGEDFN�LV�JUHDWO\�DSSUHFLDWHG�

<RX�ZLOO�RQO\�EH�DVNHG�WR�DQVZHU�WKLV�W\SH�RI�TXHVWLRQ�WKUHH�WLPHV�WRWDO�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

3XUSRVH�RI�0RGHOV��5HFRJQL]H�WKH�LPSRUWDQW�UROHV�WKDW�VFLHQWLILF�PRGHOV��RI�PDQ\
GLIIHUHQW�W\SHV��FRQFHSWXDO��PDWKHPDWLFDO��SK\VLFDO��HWF����SOD\�LQ�SUHGLFWLQJ�DQG
FRPPXQLFDWLQJ�ELRORJLFDO�SKHQRPHQD�������

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

0RGHO�$SSOLFDWLRQ��0DNH�LQIHUHQFHV�DQG�VROYH�SUREOHPV�XVLQJ�PRGHOV�DQG
VLPXODWLRQV�

3OHDVH�H[SODLQ�KRZ�\RX�GHFLGHG�WR
VHOHFW��^T���4,'����&KRLFH*URXS�6HOHFWHG&KRLFHV`�IRU�WKH�IROORZLQJ�VNLOO�

0RGHOLQJ��%XLOG�DQG�HYDOXDWH�PRGHOV�RI�ELRORJLFDO�V\VWHPV�

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
)LUVW�&OLFN����VHFRQGV
/DVW�&OLFN����VHFRQGV
3DJH�6XEPLW����VHFRQGV



,'�

3OHDVH�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�EDVHG�RQ�\RXU�H[SHULHQFHV�LQ�%,2/����

&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH��,QWHJUDWH�FRQFHSWV�DFURVV�RWKHU�67(0
GLVFLSOLQHV��H�J���FKHPLVWU\��SK\VLFV��DQG�PXOWLSOH�ILHOGV�RI�ELRORJ\��H�J���FHOO
ELRORJ\��HFRORJ\��

�

+RZ�IUHTXHQWO\�ZDV�&RQQHFWLQJ�6FLHQWLILF�.QRZOHGJH�WDXJKW�LQ�WKLV�FRXUVH"

,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ��&RQVLGHU�LQWHUGLVFLSOLQDU\�VROXWLRQV�WR�UHDO�
ZRUOG�SUREOHPV�

�

+RZ�IUHTXHQWO\�ZDV�,QWHUGLVFLSOLQDU\�3UREOHP�6ROYLQJ�WDXJKW�LQ�WKLV�FRXUVH"

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

+RYHU�KHUH�IRU�D�IHZ�H[DPSOHV�

&OLFN�&RXQW����FOLFNV

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

1RW�WDXJKW
2QH�FODVV�VHVVLRQ
$�IHZ�FODVV�VHVVLRQV
$ERXW�KDOI�RI�FODVV�VHVVLRQV
0RVW�FODVV�VHVVLRQV
$OPRVW�HYHU\�FODVV�VHVVLRQ

7KHVH�SDJH�WLPHU�PHWULFV�ZLOO�QRW�EH�GLVSOD\HG�WR�WKH�UHFLSLHQW�
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