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We compare the impacts of varying research-based
reforms1-4 in a sequence of intro courses taught by
multiple instructors, observing features of replicability
and sustainability.

Goals:
•Investigate features of individual reforms and the
  dynamics among them when they form layered,
  coordinated activities.
•Examine transfer/sustainability of successful innovations.

Guiding Research Questions:
•What does it mean /what is required to replicate reforms?
•What shapes conceptual development, attitudes, beliefs?

Introduction

• Each column shows difference on common exam questions (Fa04 score minus Sp05)
• Blue questions -=> Tutorial material,    red questions => additional course material

 No statistically sig. overall difference between two semesters

• F04 (N=319)  26% -> 59%,  (g=.44 +/- 0.1)    S05 (N=232)  27% -> 59% (g=.43 /+- .01)

 High level of reproducibility between semesters (although
 instructors, demographics, exam format, text are all different)

LEARNING GAINS:  Pre/post (BEMA)10

Common exam questions: E&M
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•  Learning gains are high => these are all successful transformed courses13,14

•  We are able to replicate a transformed course, with indistinguishable pre-post
conceptual/belief gains in E&M, despite changed instructor, text, exam format

•  In mechanics, new instructor with non-Tutorial recitations  lowered learning
gains, A&B shifts declined, impact on at-risk students seen. (Despite use of
research based text and hw.)

•  Natural evolution? Following semester (new instructor, reversion to traditional
recitations) showed statistically and pedagogically significantly lowered learning
gains, A&B declines, impacting all students.

Courses Studied

Gender effects: FMCE

•What is the nature of how (observed) replication/evolution happens?

• Contextual constructivist view14: tasks, situations, cultureÉ

• Role of faculty beliefs15?

•What about Òat-riskÓ population (Òthe tailÓ)13

• Who is at risk, can we find reliable markers?

• What is the nature of the ÒtailÓ population?

• How can we teach them more effectively?

•How do we reverse the deterioration of PER-based reforms?

• Is it just Tutorials? How significant a role do they play?

• Instructor effects? Enculturation? Forms of engagement?

Open questions/Future directions

LEARNING GAINS: FMCE
( at-risk vs strong-starters)

.

#1, #2, #3  have progressively less interactive engagement.
Weaker impact of reduced research-based instruction apparent
for both at-risk and strong-starter populations.
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Data Collected

Extensive data were collected in all classes:
¥ Pre/post conceptual exams:  FCI8, FMCE9,
   BEMA10 (Brief E&M Assessment)
¥ Pre/post Colorado Learning about Science Survey7(CLASS)
¥ Common exam questions
¥ Course grades, attendance in lecture and recitation
¥ Informal online survey questions

Collected but not shown here:
¥ Regular online surveys/long response
¥ Homework: online and long answer
¥ Additional exam questions, including long answer
¥ Ethnographic fieldnotes

LEARNING GAINS:  Pre/post (FMCE)9

¥  gain(Sp04)= .66 +/-.02    g(Fa04)= .585 +/-.02   g(Sp05)= .45 +/-.02
Later semesters have progressively less interactive engagement
Statistically significant reduced learning gains in later semesters

Common exam questions: mechanics

References

Impact of gradual return
 to traditional instruction: mechanics Examining different populationsExplicit attempt to replicate: E&M

Impact on Attitudes and Beliefs about Learning 7 Impact on Attitudes and Beliefs about Learning

¥ Pre/post CLASS shifts. (Courses #2 and #3 have progressively less research-based activities)

¥ Course with Tutorials (#1) shifted (neglig) up, others had more
  typical negative 7,11 shifts.

Recitation         Homework           Text
¥E&M:

Fa 04       Tutorials2 CAPA4 HRW6

Sp 05      Tutorials CAPA Knight7

¥ Mechanics
#1: Fa 03 Tutorials CAPA HRW
#1: Sp 04      Tutorials CAPA    HRW
#2: Fa 04    workbook7 MP4    Knight
#3: Sp 05     traditional MP    Knight

Summary of key course features

•  Difference on common exam questions, ÒTutorial-based course - trad recitation courseÓ
• Tutorial materials: ave decline is 13 points, traditional (computational) material: = >8 points

 Overall average difference: 9 points (almost a letter grade)

¥ Pre/post CLASS shifts of A&B (ÒAttitude and Beliefs) for two courses (note magnified scale)

¥ Small7 (albeit  negative) shifts, little difference between courses,
  despite different populations.

Weaker impact of reduced research-based instruction is
apparent for both genders, slightly stronger effect for women.

Learning gain by gender
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