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Abstract
This work represents four years of ongoing assessment research in Biology 211, the first course in our year-
long majors introductory series, covering molecules and cells, metabolism, genetics, and gene expression. 
Within this project, we have 3 distinct learning cohorts: No Active Learning (2009), Active Learning (2010-11), 
and Clickers (2012).  This year’s presentation will focus on our incorporation of clicker technology, specifically 
testing the hypothesis that daily participation incentives will increase both learning and attendance, by com-
parison with previous cohorts.  Compared to the No Active Learning cohort, the Clicker cohort did not show a 
significant difference in exam scores (ANOVA, p > 0.05), but did have a significantly different grade distribu-
tion, with a 21% increase in the number of A and B students (contingency analysis, p < 0.05). Clicker cohorts 
did not show a significant difference in terms of exam scores or grade distributions compared to Active Learn-
ing cohorts. Active Learning and Clicker cohorts showed similar attendance patterns during the first half of 
the term (89% attendance); however, during the second half of the term, Clicker cohorts showed slightly 
higher attendance (85%) than Active Learning cohorts (76%). While attendance appeared to increase, stu-
dents were only able to correctly answer about 50% of Clicker questions, suggesting that they were not con-
sidering clicker feedback in a way that translated to improved study or exam performance.   Finally, we will 
describe pre-course advising efforts, including the ongoing development of a predictive “pre-test” (scores 
were significantly correlated with final course grades, regression analysis, p < 0.0001, R-squared = 0.39).  

Hypothesis One 
Daily Clicker activities will increase student performance as measured 
by exam scores, content assessment, and final grades. 

Hypothesis Two
Daily Clicker activities will increase student attendance.    

     Molecules/Cells             Metabolism                   Genetics             Gene Expression

Introduction/Hypotheses

Results:  Performance 

Results:  Cohort Demographics

        Cohort/Active Learning Overview

 

Pre-Course Testing and Advising
In comparing 2009 cohort performance on pre-course college-level content 
questions vs. final grades, we noted correlations that compelled us to begin 
honing a distinct set of placement style questions based on Oregon high school 
science standards related to Biology 211 content.  Our placement style ques-
tions have evolved, as has our implementation of advising related to placement 
scoring and background preparation information.           

   

Assessment Overview/Statistics

Datasets Collected & Compared
Pre-Course Background Surveys: Demographic Data
Pre/Post Content Tracking: 4-5 Embedded Exam Questions Per Unit
Term Grade Records:  Exam, Activity, and Lab Scores;  Final Grades
Post-Course Attitudinal Surveys:  Lecture, Lab, Study Habits

As noted in results, some analyses were performed on entire entering 
class, others on just those who completed the final.

Year Cohort Graded Active Learning Ungraded Active Learning 
2009 No Active 

Learning 
None None 

2010 
2011 

Active 
Learning 

Pop Homework (2-4 pts. per unit) a 
Pop Quizzes (2-4 pts. per unit) a 

In-Class Worksheets (2-4 pts. per unit) a 

On-the-Spot Problems 
Modeling or Demonstrations 

Think-Pair-Share 
2012 Clickers Clicker Participation (1 pt. per day)b 

Pop Quizzes (2 pts. per unit)c 
In-Class Worksheets (2 pts. per unit)c 

On-the-Spot Problems 
Modeling or Demonstrations 

Think-Pair-Share 
 

aIn 2010, there were 10-12 pts. active learning points per unit;  owing to workload issues, we reduced 
this to 8 pts. in 2011.  In both years, 50% points were extra credit, with all based on answer accuracy. 

 
bClicker points in 2012 were not based on answer accuracy;  out of 32 Clicker activity days, we 

provided a 5-day absence grace, meaning that a student could earn up to 27 pts. for the term (no 
extra credit, even if they were there every day). 

 
cNon-Clicker points in 2012 were based on answer accuracy and were all extra credit.  

 
 
 

Major Conclusions
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No Active Learning 
Active Learning 
Clickers 

Cohort Grade Distributions 
We compared grade distributions across all cohort groups. Active Learning and Clickers 
had a significant effect on grade distributions compared to No Active Learning 
(contingency table, p < 0.05). The grade distributions for Active Learning and Clickers 
were not significantly different (p > 0.05).
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Pre-test score 

2009 (n = 126)
2010 (n = 119)
2011 (n = 98) 
2012 (n = 105) 

Pre-Test Analysis
We performed regression analyses to determine whether pre-tests were predic-
tive of a student’s fnal grade. For each year, this correlation was statistically sig-
nificant (p < 0.001). Each regression line has an associated data point which 
represents the average score on the pre-test and the average final grade 
(standard error bars shown). The correlation coefficient for 2012 is significantly 
greater than the correlation coefficient for 2010 (Chi-square analysis with post-
hoc Tukey test: p < 0.05). None of the other comparisons between correlation 
coefficients were statistically significant.

2012 Advising Outcomes
We examined the outcomes of 2012 
special advisees (n=40).  Only 2 took 
the recommended preparatory BI102 
course.  Most (90%) earned D’s, F’s, or 
dropped.  Special advisees who 
earned <50% on the Pre-Test are 
color-coded red.  

2012 Attitudes About Pre-Testing/Advising
At the final exam, students were asked to rate the statements below.  The 
rating scale was 3 = strongly agree;  2 = agree;  1 = disagree (standard error 
bars shown).  Only 26 rated the advising question (missing special advisees 
had either dropped or skipped the final).  

Results:  Attendance and Learning
Clicker Question and Analysis Overview
Although each course instructor developed his/her own Clicker ques-
tions, we all employed the same overall strategy:  (1)  opening lecture 
with 3-4 “recall” questions based on the previous lecture;  and then (2)  
asking 2-5 “new” questions related to presented material.  Some of 
the latter were based on assumed prior knowledge, others were de-
signed to tease out common misconceptions, and others were about 
in-the-news topics or broader applications.    Year Questions Content Level Advising Follow-Up 

2009 33* College None 

2010 60* 50% High School 
50% College 

Face-to-Face 
At-Risk Advising 

2011 20** High School Students Self-Advised  
Using On-Line Information 

2012 30** High School Face-to-Face  
Special Advising 

*Administered supervised first day of class.      **Administered unsupervised on-line. 

0 4 8 12 16 

Took BI102 
Dropped 
Earned F 
Earned D 
Earned C 
Earned B 
Earned A 

Number of Students 

Special Advisee 
<50% Placement Test 

1 2 3 

Pre-test questions painted an accurate picture 
of what Biology 211 would be like. 

My pre-test score affected how much time I 
devoted to studying for Biology 211. 

Special advising painted an accurate picture 
of what Biology 211 would be like. 

Rating (1 = Disagree to 3 = Strongly Agree) 

Student Active Learning Performance
(1)  Active Learning and Clicker cohorts showed equally higher perfor-
mance on assessment questions than No Active Learning cohorts.  
There was no difference between overall exam scores.    

(2)  Active Learning and Clicker cohorts showed equally different grade 
distributions - with more A’s and B’s - than No Active Learning cohorts.

Both of these conclusions are similar to our reported findings from last 
year, comparing Active Learning vs. No Active Learning.  

Student Active Learning Attendance & Engagement
(1)  The Clicker cohort showed approximately 10% better attendance 
during units 3-4.

(2)  On average, the Clicker cohort answered only 55% of questions 
correctly, perhaps owing to the lack of an accurancy incentive.  

(3)  Clicker response accuracy on recall questions was significantly   
related to absenteeism.  

Student Attitudinal Responses to Active Learning & Clickers
(1)  The 2012 Clicker cohort rated clicker activities as slightly less help-
ful than lecture, lab, and problems - but more helpful than pop quizzes.

Special Advising and Pre-Testing
(1)  Despite reinstating face-to-face advising for “at-risk” students, 95% 
chose to continue in Biology 211, and 90% earned D’s, F’s, or dropped.  

(2)  Of the 26 special advisees who provided attitudinal feedback, most 
agreed that special advising information painted an accurate picture of 
what Biology 211 would be like. 

(3)  After considerable honing over the last 4 years, we have developed 
a predictive pre-test based on assumed high school knowledge.  

(4)  Although the 2012 cohort felt the pre-test painted an accurate pic-
ture of what Biology 211 would be like, the majority of students said 
their score did not impact how they studied.  

Given these findings, we are implementing pre-requisites for Biol-
ogy 211:  passing the Pre-Test/Placement Test with 50% or better, 
or earning a B or higher in 100-level preparatory coursework.    

Attitudinal Data
Attitudinal responses to 
several cross-cutting 
course components  were 
collected at the final exam 
(2010 n = 116;  2011 n = 
106;  2012 n = 108).   The 
rating scale was 3 = very 
helpful;  2 = helpful;  1 = no 
effect;  and 0 = confusing.  
Standard error bars are 
shown.
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Cohort Demographics
We observed no significant difference 
between cohorts in terms of reported 
gender, ESL, or first generation status.  
However, the proportion of first-year 
students dropped significantly in 2012 
(contingency table, p < 0.05).  

Course Performance by Activity and Demographic Grouping
We performed a MANOVA with post-hoc Tukey tests to determine the effects of in-class activi-
ties and demographic groupings on course performance. In the below figure, black bars indi-
cate which comparisons were significantly different (p < 0.05). Within a comparison, similar let-
ters indicate treatment groups that were not significantly different. Active learning and Clickers 
both had a significant effect on the assessment questions. Years in college had a significant 
effect on exam scores. There were no significant interactions between in-class activities and 
demographic groupings.
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Results:  Post-Course Attitudinal Responses

Clicker Response Accuracy and Attendance
To determine the effect of attendance on student performance, we performed two analyses. First, 
we divided the students into 4 groups based on class attendance and then performed an ANOVA 
with post-hoc Tukey tests on the accuracy of their responses. On recall questions, students with 
no absences performed better than students with high rates of absenteeism. However, atten-
dance was not related to performance on questions that addressed new material. Next, we ana-
lyzed student performance on recall questions based on whether the students attended the previ-
ous lecture (paired t-test, n = 92). This analysis necessarily excluded students who never missed 
class. Response accuracy was higher for students who attended the previous class.
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Active Learning Clickers

Effect of Clickers on Class Attendance
Regardless of the type of in-class activities, attendance tended to decline steadily from Unit 1 to 
Unit 4. However, by Unit 4, the average attendance for the Clicker cohort was 14% higher.
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