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part of the event that provided opportuni-

ties for people to share the details of the 

work they have done and learned, ex-

change ideas across disciplines, and have 

conversations about their efforts.  

The Carl Wieman Science Education Initia-

tive has had its third annual “End-of-

Year” Event on April 27. This was a cam-

pus-wide event that not only gave science 

departments opportunities to share their 

accomplishments and plans for the future 

across disciplines but also allowed the rest 

of the university to learn about their pro-

gress to date on improving undergraduate 

science education.   

Three years into the initiative, there are 

now widespread changes and improve-

ments across all science departments at 

various scales and levels of maturity. This 

was showcased through a poster session 

displaying nearly 40 posters presented by 

Science Teaching and Learning Fellows 

(STLF), faculty members, and undergradu-

ate/graduate students involved in the 

CWSEI efforts. This session was an integral 
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Joshua Caulkins, EOS Science Teaching & Learning 

Fellow with Ashley Welsh, CWSEI Grad Research Assis-

tant during the End-of-Year Poster Session. 
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Typically, an intervention to help low per-

forming students would involve providing 

resources such as extra review sessions, 

office hours, and distributing additional 

practice problems. However, studies have 

shown that most of the students that avail 

themselves to these resources are in fact 

the high performing students rather than 

the lower performing students. So, what 

happens to the weakest students? Is there 

something an instructor can do to make a 

difference?  

In an attempt to make a difference, an 

intervention study was conducted in two 

courses (Physics 250 and Earth & Ocean 

Sciences 112).   

How it was done 

After the first midterm exam, the lowest 

performing students in each course were 

sent a personalized email by the instruc-

tor expressing concern for their perform-

ance and asking them to come meet to 

discuss how they might improve. In Phys-

ics 250, the email was sent to those who 

scored at the bottom 25% of the class. In 

EOSC 112, a very similar email was sent to 

those who failed the exam and reported 

studying more time than the class median 

(6 hours). A different email was sent out 

to another group of students in EOSC 112 

who failed the exam and reported study-
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It has been observed that students in 

physics struggle with the basic con-

cept of electromagnetic waves. In 

response to these findings, Louis 

Deslauriers (Physics STLF) and Ellen 

Schelew (Physics graduate student) 

decided to conduct a study compar-

ing student learning in two different 

sections of the same 1st year physics 

course with one section using the 

traditional lecturing method and the 

other using a research-based style of 

teaching involving highly interactive 

learning.  

How the study was done 

These two sections were taught by 

two different highly-rated instruc-

tors. During the first 11 weeks of the 

course, it was found that these two 

sections were essentially the same 

as measured by student attendance, 

engagement, and performance on 

the 1st and 2nd midterm exams, and a 

test of knowledge of electricity and 

magnetism concepts.  

Then starting week 12, while the 

instructor of Section 1 maintained 

his traditional lecture style of teach-

ing, the instructor of Section 2 de-

cided to take a radically new ap-

proach and allowed Louis Deslauriers 

and Ellen Schelew to lead the class 

on electromagnetic (EM) waves using 

research-based active learning tech-

niques. This transformed section 

included pre-reading assignments 

with quizzes, in-class small group 

activities, clicker questions with stu-

dent discussion, targeted instructor 

feedback guided by observations of 

student thinking, and very little lec-

turing.  

 

Study Results 

Attendance: The attendance in both 

sections before EM waves module 

(Week 12) was quite similar at about 

58%. However, during the EM waves 

module, the attendance for the 

transformed section increased to 

81% while it remained unchanged for 

the traditionally taught section. 

Student Engagement: The engage-

ment of students before and during 

the EM waves module was measured 

for both sections by several trained 

experts seated at various locations 

in the classroom. The research 

based protocol involved the periodic 

monitoring of a group of students 

(between 10 and 15 students). 

Based on this assessment, student 

engagement for both of these sec-

tions prior to transformation meas-

ured at about 50%. During transfor-

mation, this number escalated to 

85% in the transformed section while 

it remained constant in the tradi-

tionally taught section.  

Learning: A post test of 12 questions 

was administered at the end of the 

module in both sections to measure 

student learning. The format and 

content of the test were agreed 

upon by the instructors. The post 

test result was 41% for traditional 

section and 74% for the transformed 

section—a huge difference!  

How did students feel about this 

transformation?  

An online survey was given to the 

students in the transformed section 

to find out how satisfied they were 

with their experience. A total of 150 

surveys were completed.  

Here are some sample questions and 

class responses.   
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Q1. I really enjoyed the interactive teaching tech-

nique during the three lectures on E&M waves.  

Q2. I feel I would have learned more if the 

whole PHYS 153 course would have been taught 

in this highly interactive style. 

Q8. In class, the group discussions with my 

neighbors were very helpful to my learning. 

 Traditional Transformed 

Attendance 58% 81% 

Engagement 50% 85% 

Learning 41% 74% 

Note:  Guessing would have resulted in a score 

of 23% on the learning test 
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ing less than the class median. This 

group, however, was just provided 

with study guidelines via email rather 

than a face-to-face meeting.  

In response to the email, 12 students 

in Physics 250 and 7 students in EOSC 

112 came to meet one-on-one with 

one of the instructors for 15-25 min-

utes each. After some brief introduc-

tory discussion about the course and 

their study habits, each student was 

asked to carry out a specific set of 

activities in studying for future ex-

ams as follows: 

(Continued from page 1)  Attempt to “do” each learning goal by 

generating your own explanations. 

Consult course resources (notes, read-

ing, homework, sample problems and 

solutions) in a targeted manner, to 

improve your ability with a specific 

learning goal. Do not simply re-read. 

Match assessments (e.g. clicker ques-

tions, practice questions, homework 

problems) to specific learning goals, 

and test yourself on all of those items, 

creating your own responses before 

looking at answers. Imagine alternate 

ways to test the goal, and test yourself 

with your own questions.  

Attend the weekly (optional) problem 

solving sessions (Physics course only).  

 

Results after intervention 

Students who met face-to-face with 

the instructor increased their scores 

on midterm 2 over midterm 1 by av-

eraged 20% in Physics 250 and 30% in 

EOSC 112, moving the bottom quar-

tile of students to near or slightly 

above the class median. The group 

who received email but no face-to-

face meeting in EOSC 112 also in-

creased significantly but less than the 

active intervention group.   

These results demonstrate that stu-

dent performance should not be con-

sidered something outside of the in-

structor’s control and that they can 

make a dramatic difference with mi-

nor but appropriately targeted inter-

vention to improve study habits.   

Problem solving is arguably one of 

the most important skills for science 

students to develop. In an effort to 

promote problem solving and creative 

thinking, invention activities were 

designed and used in a large first 

year biology course.   

What are invention activities (IA)?  

Invention activities are designed to 

allow students to solve problems that 

are analogous to the class material, 

and that are based on concepts that 

have not yet been covered. These 

activities have multiple possible solu-

tions and are therefore intended to 

stimulate creative thinking.   

How the study was conducted 

The IA study was conducted in a large 

first year biology course. A total of 

170 students volunteered to partici-

pate in the IA over 8 weeks, meeting 

once a week. During each of the 50-

minute activity sessions, students 

spent the first 30 minutes working 

together in groups of 3 or 4 to solve 

problems and write out their solu-

tions on large pieces of flip-chart 

paper. The next 10 minutes were 

spent on group presentations of their 

solutions, and the final 10 minutes 

were dedicated to a wrap up which 

involved a mini-lesson introducing 

the related material the students 

would see in lecture and explaining 

how their inventions were analogous 

to the material.    

Study results 

Ten students who participated in the 

IA and 7 students who didn’t partici-

pate were interviewed to test their 

problems solving skills. During the 

interview, students were asked to 

suggest a solution to a biological 

problem based on a system they had 

not seen in class and which they had 

no way of knowing what the 

“correct” solution would be.   

As shown in the results below, when 

faced with developing a solution to a 

challenging and unfamiliar biology 

problem, IA students were much 

quicker to engage with the problem, 

and routinely provided multiple feasi-

ble solutions.  

This study provided evidence that 

early phase problem solving skills can 

be taught through the use of inven-

tion activities, and when properly 

designed, these activities show a high 

level of student engagement and pro-

vide them with an opportunity to 

practice innovative thinking.   

Tr a n s f o r m a t i o n  o f  F i r s t  Ye a r  B i o l o g y  C o u r s e —  
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APSC 160 is an introductory comput-

ing course required by all engineering 

programs at UBC. As a way to trans-

form this traditional lecture style 

course into one that involves active 

learning, the instructor developed a 

series of 29 short screencasts (voice-

over-PowerPoint) and accompanying 

in-class problem sets to introduce 

basic concepts.  

How it was done 

Prior to each class, students were 

asked to watch one or more screen-

casts which covered introductory 

concept materials. At the start of 

each class, a series of clicker ques-

tions was used to assess students’ 

comprehension of the concepts pre-

sented in the screencasts and to ad-

dress any misunderstandings.  

Students then worked in small groups 

on worksheets that gradually exposed 

them to more difficult problems. This 

new approach to teaching and learn-

ing was applied in all four sections of 

the course offered in the past winter 

session which included over 800 stu-

dents, of which 70% downloaded at 

least 80% of the screencasts.    

How students felt about this 

Survey was conducted after the mid-

term to find out what students had to 

say about this transformation.  
"Most classes teach the basics in class and make 
you figure out advanced problems on your own. 
This method lets you figure out the easy stuff and 
then helps you with the harder problems." 
 
"I find watching the screencasts before the lec-
tures and applying the information during lecture 
time helps me to pinpoint what information I 
understand and what I do not more effectively 
than a usual lecture format." 
 
 "I didn't have to study for the midterm because I 
ended up already knowing how to do things." 
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I m p l e m e n t a t i o n  o f  A c t i v e  L e a r n i n g  i n  a n   

I n t r o d u c t o r y  C o m p u t e r  S c i e n c e  C o u r s e  
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The CWSEI-Math program has been 

ramping up quickly, doubling its num-

ber of Science Teaching and Learning 

Fellows to four in the past six 

months. One of the most notable de-

velopments in its program is the 

transformation in the First-Year Cal-

culus Workshops under the two year 

study that started last year.   

The first-year Calculus Workshops are 

mandatory weekly problem-solving 

sessions in which students work on 

selected problems in groups of 3-4, 

applying concepts introduced in lec-

tures. The program involves more 

than 900 students and 25 Teaching 

Assistants (TAs) each year. Each 

workshop consists of about 25 stu-

dents with one graduate TA and one 

undergraduate TA.   

Through various surveys and observa-

tions, it was found that the workshop 

content in the previous years was 

lacking alignment with lectures, 

causing students to lose interest and 

become disengaged. In addition, no 

individual assessment was provided 

to students, contributing to further 

time off-task for some students.   

In 2009, many changes were imple-

mented to address the issues, trans-

forming the program into a team ef-

fort. Meetings with workshop coordi-

nator, instructors, and TAs were 

scheduled on a regular basis and stu-

dents received individual feedback in 

the form of weekly quizzes. In addi-

tion, clear learning goals were stated 

on weekly problem sheets and the 

implementation of a week-long pro-

duction cycle of problem sets allowed 

for content revisions and pedagogical 

improvements.   

An end-of-term survey was adminis-

tered in both 2008 and 2009 to find 

out what students had to say.  

As these sample survey results show, 

the changes made in 2009 resulted in 

improved student attitudes toward 

the workshop program.   

I would prefer that this course be taught using a tradi-

tional lecture format rather than having online screen-

casts and in-class problem sets. 

The online screencasts help me learn basic concepts on 

my own. 

The in-class problems sets help me gain a deeper under-

standing of the concepts presented in the screencasts. 
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