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Research Questions & 
Data Collection 
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Time spent on group work, but not lecturing, predicts student performance 

Observational & performance data collected 
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Use of class time 
Measured via COPUS profiles 

?
 

•  What variety of teaching practices are currently 
used in the biology program at UBC? 

•  What are the relationships between specific 
classroom practices & student learning?  

Characterizing Classrooms using COPUS1,2: 
 

During a classroom visit, student and instructor 
activity codes are checked off in 2-min intervals.      
Each classroom can then be clustered: 

COPUS Profiles N RTOP Lec RtW S-AnQ SQ CQ FUp MG GW

Le
ct

ur
e

Lecture (with slides) 44 29 94% 2% 8% 8% 3% 4% 0% 2%

Lecture (at the board) 52 28 93% 88% 15% 16% 1% 3% 0% 2%

Transitional Lecture 44 33 87% 48% 20% 9% 5% 7% 1% 6%

So
cr

at
ic

 Socratic (at the board) 18 34 97% 87% 52% 24% 0% 1% 1% 1%

Socratic (with slides) 25 43 82% 6% 38% 21% 1% 9% 2% 8%

Pe
er

 In
st

ru
ct

io
n

Limited PI 24 39 75% 3% 7% 4% 18% 18% 5% 23%

PI (at the board) 24 42 68% 70% 18% 8% 18% 24% 4% 22%

Teacher-Centered PI 12 46 55% 13% 17% 4% 41% 50% 3% 24%

G
ro

up

Student-Centered PI 16 52 50% 3% 31% 6% 42% 54% 16% 50%

Group work 10 50 26% 43% 28% 9% 0% 39% 25% 51%

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%Ave. percent of 2-min intervals
Example data, representative of each cluster; figure modified from Lund3  

Classroom styles in our biology courses    Student performance and classroom styles 

Worksheets & peer instruction support student learning 
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•  Consistent with literature4, classes with more student-centered time have higher performance. 
•  Maximum % group work observed was 63% of class; unknown impact beyond that. 

Goal: 
identify 
these 

relationships 
to inform 
teaching 
practice 

Comparison to departments in other universities 
 

Research:  
How would you approach further 

analyses? What questions would you ask? 

Teaching:  
How might these results impact your 

own teaching practices? 

Questions & ideas from you?  

 
Course Level 

# of Course sections 
(# unique courses) 

Total # of matched students 
(proportion of course enrolment) 

100 13 (2) 1431 (47%) 
200 9 (4) 1723 (64%) 
300 5 (5) 463 (53%) 
400 6 (6) 111 (62%) 

Totals: 33 (17) 3728  
•  Each course was observed for a ‘typical week’ (~3 hours) 
•  17 diagnostic tests consisting of a total of 165 questions, 

compiled largely from validated questions in the literature. 
•  Matched students wrote the test pre- and post-course  
 

COPUS 
codes: 
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                          Classroom 
                              Style   
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•  Student-centred practices at UBC: less lecturing, more group work 
 

•  Impact of ‘Science Education Specialist’ (SES) model of 
educational change: Significant, multi-year institutional initiatives 
with departmental support for the integrated SES individual(s) 
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Mostly lecture Emergence of group work Extensive group work 

•  Students in ‘extensive 
group work’ classes 
perform significantly 
higher than students in 
other classes. 

 

•  This is consistent with an 
overall trend: evidence-
based, active learning 
practices contribute 
more to student learning 
than traditional lecturing. 

 

 
Error bars are SEM; * p<0.05. 
 

“Student Performance” is the effect 
size of the difference between pre- 
and post-test diagnostic scores 
within each class section, calculated 
using the standardized mean gain5: 

* 
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Classroom Profile 

Mostly lecture 
(n=7 courses) 

Emergence of 
group work 

(n=17 courses) 

Extensive 
group work 

(n=9 courses) 

•  Classroom styles assessed from clustering averaged COPUS data. 
•  Evidence-based, active learning teaching practices are quite 

prevalent across the biology program. 
•  Most active classes are large-enrolment, lower division courses. 
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“Bright Spots” 
 Instructional practices in 

the top performing class 
sections:  

Lecture 

Students 
working in 

groups 

Instructor 
following 

up on 
student 

work 

Peer 
discussion 

(clicker 
question) 

Students 
answering 
instructor 
question 
to whole 

class 

Instructor 
working 

with small 
groups 

Instructor 
writing on 
the board 

Relative proportion of classroom 
activities in the four classes with 
the highest student performance 

 

If interested in discussing or collaborating, leave a note!  
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% of class time containing this activity  
(2-minute blocks) 

Students doing work in groups 
COPUS Profiles N RTOP Lec RtW S-AnQ SQ CQ FUp MG GW

Le
ct

ur
e

Lecture (with slides) 44 29 94% 2% 8% 8% 3% 4% 0% 2%

Lecture (at the board) 52 28 93% 88% 15% 16% 1% 3% 0% 2%

Transitional Lecture 44 33 87% 48% 20% 9% 5% 7% 1% 6%
So

cr
at

ic
 Socratic (at the board) 18 34 97% 87% 52% 24% 0% 1% 1% 1%

Socratic (with slides) 25 43 82% 6% 38% 21% 1% 9% 2% 8%

Pe
er

 In
st

ru
ct

io
n

Limited PI 24 39 75% 3% 7% 4% 18% 18% 5% 23%

PI (at the board) 24 42 68% 70% 18% 8% 18% 24% 4% 22%

Teacher-Centered PI 12 46 55% 13% 17% 4% 41% 50% 3% 24%

G
ro

up

Student-Centered PI 16 52 50% 3% 31% 6% 42% 54% 16% 50%

Group work 10 50 26% 43% 28% 9% 0% 39% 25% 51%

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%Ave. percent of 2-min intervals

0 

0.5 

1 

1.5 

2 

2.5 

3 

0 20 40 60 80 100 
St

ud
e

nt
 P

e
rfo

rm
a

nc
e

  
(E

ff
e

c
t 

siz
e

, p
re

 t
o

 p
o

st
) 

% of class time containing this activity  
(2-minute blocks) 

Instructor lecturing 

0 

0.5 

1 

1.5 

2 

2.5 

Clickers 
(n=28) 

No clickers 
(n=5) 

0 

0.5 

1 

1.5 

2 

2.5 

Worksheets 
(n=13) 

No 
worksheets 

(n=20) 

St
ud

e
nt

 P
e

rfo
rm

a
nc

e
  

(E
ff

e
c

t 
siz

e
, p

re
 t

o
 p

o
st

) 

In our classes, the most 
common student-centred 
activities are:  
•  Clicker questions (peer 

instruction) 
•  Worksheets 
•  Individual problem-solving 
•  Asking/answering questions 

to the whole class 
 

Students in classes that 
include any worksheets or 
any clicker questions 
significantly outperform 
those that do not. 
 

* * 

   This study Other North American science courses4           
•  We have quantitatively linked 

program-wide class observational 
data with student outcomes. 

•  Suggestion: introduce worksheets or 
peer instruction into your class. 

•  Questions: How to get the most out of 
the rich, time-series data? 

•  How to visualize / display the data, to 
encourage educational change? 

Conclusions & Next Steps 

Measuring Reformed Teaching
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planned for a student-centered, active-learning classroom. It 
should be noted that the cluster analysis actually outputs 
four distinct clusters with high percentages of group work, 
which we have combined into two categories for the sake 
of brevity and practical relevance. The student-centered PI 
cluster combines the class periods from a small cluster, in-
cluding a high percentage of MG (N = 4) with those from a 
cluster without prominent MG behavior (N = 12). Percent-
ages of all other behavioral codes are similar. Similarly, the 
group work cluster combines the class periods from a cluster 
that does not include writing on the board (N = 2) with those 
from a cluster that does (N = 8). Again, the percentages of 
all other behavioral codes are similar. Thus, for the purposes 
of our analysis, we considered these clusters to be similar 
enough in their instructional strategy to combine them.

Thus, our cluster analysis identified 10 specific instruc-
tional strategies (i.e., COPUS profiles) that represent four gen-
eral instructional styles (lecturing, Socratic, peer instruction, 
and collaborative learning). In turn, these instructional styles  

to explore the material and articulate their reasoning to 
one another and to the class. Although this cluster exhibits 
exemplary PI strategies, the high percentage of time dedi-
cated to student–student interactions also places it firmly in 
our final general instructional style, collaborative learning. 
A Kruskal-Wallis H test showed that this instructional style 
has a significantly higher percentage of 2-min intervals for 
group work and a significantly lower percentage of 2-min 
time intervals devoted to lecture when compared with all 
three previous sets of clusters (χ2(3269) = 173.118, p < 0.001 
and χ2(3269) = 140.274, p < 0.001, respectively). In addition to 
the student-centered PI cluster, the collaborative learning in-
structional style includes a group work cluster that involves 
various methods (such as handouts or questions posed via 
PowerPoint) to prompt group interactions. This final cluster 
is characterized by the lowest average percentage of lectur-
ing (26% of the 2-min intervals) and the highest average per-
centage of group work and moving among students (51 and 
25% of 2-min intervals, respectively); these instructors clearly 

Table 5. COPUS profile characteristicsa

Instructional 
Style COPUS Profile

Number 
of Class 
Periods

COPUS Codes 

Lec RtW AnQ-S SQ CQ FUp MG GW  

Le
ct

ur
in

g

Lecture (with slides) 44 M 94% 2% 8% 8% 3% 4% 0% 2%

M
ostly Lecture 

SD 7% 5% 8% 10% 6% 5% 1% 4%

Lecture (at board) 52 M 93% 88% 15% 16% 1% 3% 0% 2%

SD 7% 9% 10% 12% 4% 6% 2% 4%

Transitional Lecture 44 M 87% 48% 20% 9% 5% 7% 1% 6%

SD 11% 11% 14% 11% 7% 8% 3% 8%

S
oc

ra
tic

 Socratic (at board) 18 M 97% 87% 52% 24% 0% 1% 1% 1%

SD 5% 15% 11% 17% 2% 3% 3% 2%

Socratic (with slides) 26 M 81% 6% 39% 20% 1% 9% 2% 7%

SD 16% 8% 16% 14% 5% 11% 6% 11%  

P
ee

r 
In

st
ru

ct
io

n

Limited Peer Instruction (with slides) 23 M 76% 3% 8% 4% 19% 19% 5% 24% E
m

ergence of 
G

roup W
ork 

SD 10% 8% 7% 5% 10% 9% 7% 8%

Limited Peer Instruction (at board) 24 M 68% 70% 18% 8% 18% 24% 4% 22%

SD 12% 11% 11% 10% 14% 12% 8% 11%

Extensive Peer Instruction 12 M 55% 13% 17% 4% 41% 50% 3% 24%

SD 9% 15% 13% 4% 8% 11% 6% 13%  

C
ol

la
bo

ra
tiv

e 
Le

ar
ni

ng

Student-Centered Peer Instruction 16 M 50% 3% 31% 6% 42% 54% 11%50% E
xtensive 

G
roup W

ork

SD 12% 11% 13% 6% 13% 14% 17%12%

Group Work 10 M 26% 43% 28% 9% 0% 39% 25%51%

SD 13% 27% 14% 7% 0% 16% 11%14%  

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% Average percent of 2-min intervals

aThe number of class periods contained in each COPUS profile is presented, followed by the average (M) of 2-min intervals per class 
period containing each of the eight COPUS codes used for the cluster analysis, with the SDs.
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