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Discussion and argumentation not only situate student learning in discourse relevant to practice,
but also reveal preconceptions and conceptual change that are vital to the learning process.
Argumentation emphasizing the coordination of evidence and theory in science requires students
to make their thinking visible to themselves and others. The notion of argumentation is counter
to the current state of science classrooms, in which teacher talk is valued and student talk is
typically discouraged. Science teacher education is instrumental in making changes necessary for
teachers to facilitate meaningful argumentation (Sadler, 2004). As an instructional method,
argumentation implies having students articulate their scientific ideas, reflect upon their own
scientific ideas and the ideas of others, and pose relevant questions about their peers’ scientific
ideas as well as analyze and interpret scientific data to justify their own ideas. Based on their
work in middle school classrooms, Borko et al. (2003) labeled this set of instructional activities
hands-on and minds-on instruction.

One of the few studies of science learning in online teacher professional development is
Harlen and Altobello’s (2003) comparison study of online science courses for teachers to their
face-to-face counterparts. They studied 7ryScience, an introductory course to an online master’s
program for teachers focusing on scientific inquiry. Teachers performed a series of hands-on
activities accompanied by extensive online discussion about the activities as well as their own
conceptual development. Through questionnaires, pre- and post results on a scientific thought
experiment, and content analysis of online discussion transcripts, Harlen and Altobello found
that these online discussions promoted reflection and articulation about their own science
learning and the process of inquiry and resulted in a greater change in science understanding in
the online participants relative to participants in the face-to-face course. Though Harlen and
Altobello’s study only included one course, it was ground breaking in examining scientific
inquiry in online science courses for teachers.

Based on the research in science education and online learning, we hypothesize that:

e Students who engage more frequently in hands-on and minds-on instructional activities

will have more positive science learning outcomes.

Research Methodology

Learning Science Online (LSO) builds upon this previous research to examine the nature of
teaching and learning within 40 online science courses and examines which course
characteristics, if any, correlate with positive learning outcomes for science teachers. Participants
at all levels were informed that the purpose of this study was to learn about a variety of online
science courses for teachers rather than the evaluation of their specific course.

Participants

The first phase of LSO includes a cross-sectional analysis of 40 online science courses for
teachers offered by six online course providers during the 2004-2005 academic year. To ensure a
sufficient level of uniformity, courses were sought that met the following criteria:

e At least one graduate credit is offered for the course;

e Science content is the primary focus of the course (as opposed to instructional methods);

e Course requires some interaction among students and between instructor and students,

which occurs primarily online.

Of the 60 courses we found meeting these criteria, 45 participated in the study and 40 of
those were unique course (five were courses that were re-offered for a second time within the
study), giving an overall participation rate of 75%. Two thirds of the courses were affiliated with
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a Master’s degree program and were offered for a maximum of 3 credits. Seventy percent were
semester long courses (i.e., duration of 12 weeks or more) while the remaining 30% had a
duration of 4-5 weeks. Seventy percent of the courses in the study were biology or life sciences
courses (n=28). Most of the rest were in environmental science and Earth/space science. Fewer
than ten of the courses included content in astronomy, chemistry, and physics.

Six programs hosted the online courses in this study. Three programs were administered by
educational nonprofit institutions and the other three were administered by universities—either
within an academic department or through a continuing education or distance education program.
Courses in any of these programs may have contributed to a master’s degree, but only two
programs offered online master’s degrees themselves. All courses studied were offered for
graduate credit, ranging from 1-4 credits depending on the duration and nature of the course. The
intended audience for all LSO courses was science teachers with three-quarters of the courses
(n=30) for designed specifically for high school science teachers.

A total of 296 students completed the study and received a $15 online gift certificate.
Instructors reported 795 students were enrolled in these 40 courses at the beginning of the
courses and 735 were enrolled at the end of the add/drop period. The overall student response
rate was 40%. While this student response rate is not ideal, it exceeds the response rate of other
studies of online education (Sloan, 2004). Two thirds of the students completing the pre and post
questionnaires were women. Ten percent were minority.

The low student response rate suggests the perspectives of these students may be selective in
unknown ways. A third of those students completing the pre- and post-questionnaires were male
and two thirds were female. There was no difference in the student participation rates by gender
in the study. Students who performed better in their courses were more likely to have
participated in this study—45% of those who received A's completed pre- and post-
questionnaires versus 39% of those receiving B’s, 17% receiving C’s, and 7% of those who
failed, received an incomplete, or withdrew from the course. This suggests the data from students
are more representative of those who performed well in the course than of those who did not.

In summary, a total of 35 instructors and 296 students from 40 unique courses in 6
institutions participated in this study.

Data Sources

The findings reported in this study rely on three data sources—(1) pre- and post-course
online questionnaires of instructors and students, (2) instructor reports of student course
performance, and (3) expert review of the science content in these courses.

Questionnaires

Instructors' and students' pre- and post-course questionnaires were developed and tested with
focus groups and piloted in four online courses during the summer of 2004. All questionnaires
were administered online. Instructor and student pre-questionnaires collected demographic
information such as their highest degree earned, fields of study, teaching experience, experience
with online courses, and their expectations about the course. The academic self-efficacy section
of the Teacher Preparation Quality and Capacity: Science Questionnaire (Skeele, Walker &
Klemballa, 2004) was used to measure teacher’s science academic self-efficacy and the Survey of
Attitudes toward Statistics (SATS) scale was modified to measure their perceived value of
science (Schau, Stevens, Dauphinee, & Del Vecchio, 1995). Both measures were selected based
on evidence of good internal consistency of their scales.
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In order to measure instructional methods employed in online science courses for teachers,
we used a set of survey items based on the measure of reform-based instruction in K-12 science
classrooms developed by Borko et al. (2003). Although Borko’s constructs were developed
examine children’s learning, many of their principles are compatible with the call for new
methods of professional development for teachers. This framework has many parallels to NSES
standards (NSES, 1996); it utilized detailed rubrics in classroom observations with moderate to
high levels of inter-rater agreement. Constructs particularly relevant for measuring reform-based
science instruction in online courses for teachers include:

e Hands-On: The extent to which learners are interacting with physical materials or
models to learn science.

e Minds-On: The extent to which learners participate in activities that engage them
in wrestling with scientific issues and developing their own understanding of
scientific ideas.

o Collaborative Grouping: The extent to which a series of lessons uses learner
groups to promote learning.

Questions about the use of common instructional materials for science (e.g., completing
problem sets, reading textbooks) as well as those unique to online courses (e.g., online discussion
boards, simulations) were also included so as to cover the potential range of instructional
materials used in these courses.

In addition to questions about instructional methods and materials, instructor and student
post-questionnaires focused on course characteristics such as:

o Intellectual Difficulty: Student perceptions of the intellectual difficulty of the
course materials.

« Instructor Choice of Discussion Topics: Student and instructor reports of who
chose the new topics in the online discussions (instructors vs. students).

« Support: Student’s perceptions of support for their learning from their instructor,
other students, and course design.

Support measures are indicators of social and teaching presence as defined by Garrison and
Anderson (2003). That is, students in courses with high levels of social presence would be
expected to report high levels of instructor and student support. Similarly, students in courses
with high levels of teaching presence would be expected to report high levels of instructor and
course supports. Appendices A and B summarize the items included in each course-level and
student-level construct, respectively, and the internal consistency of each scale developed for this
study. The internal consistencies of the self-efficacy and perceived value scales were similar to
those reported by the scale developers.

Student Course Performance
After they submitted final course grades for all students, instructors were asked to report on
the following measures of course performance of students participating in this study:
e final course grade
e instructor rating of their mastery of science content
e instructor rating of the quality of their participation in online discourse
e instructor rating of the frequency of their participation in online discourse
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Grades were reported on a 13 point scale with 13=A+, 12=A, etc. Instructors also reported
the total number of points each student earned, which allowed the students who took the course
Pass/Fail to be included in these analyses through conversion of their total number of points to
their probable grade. For the ratings, instructors were asked to think about all of the students in
their course and indicate into which quartile (1=Bottom 0-25 percent, 2=25-50 percent, 3=50-75
percent, and 4=Top 75-100 percent) students participating in the study fell relative to other
students in the course.

Instructors were also asked to report aggregate information for their courses such as the total
number of students enrolled at the beginning of the course and at the end of the add/drop
period—both disaggregated by gender—as well as the number of students earning specific
grades (A, B, C, etc.). Finally, instructors reported how grades were determined in their course
by outlining each grade component (e.g., assignments, tests, online discussion) and the
percentage of the final grade assigned to that component. Online discussions accounted for
between 0 and 55%o0f the final course grade (with one-third assigning less than 20%, one-third
assigning 21-30%, and one-third assigning more than 30%of the final grade to online
discussions). To account for this variation in grading strategies and the lack of representativeness
of the students participating in the study described above, three course characteristics drawn
from these instructor reports were included in the analyses:

e percentage of all students in the course participating in the study (response rate)

e percentage of all students in the course who received an A

e percentage of final course grade assigned to online discussions

Expert Review

Throughout the 2004-2005 academic year, LSO staff visited online course websites and
printed all course materials (with the exception of online discussion transcripts). Copies of
additional course readings required to complete the course but not available online were also
obtained. All course materials were organized in binders by the following topics: (a) syllabi or
course overview, (b) assignments/projects, and (c) readings.

Building on a rubric developed Simon and Forgette-Giroux (2001) to help teachers assess the
depth, coherence, and relevance of their student assessments, LSO developed and piloted a four-
point rubric focused on three dimensions of science content quality:

e Relevance to the learning goals of the course: The extent to which course
materials address directly the learning goal(s).

e Accuracy of the science content: The extent to which current concepts, terms,
principles, and conventions are used correctly and with clarity throughout the
course materials.

o Cognitive depth of the science content: The extent to which course materials
reflect a rich analysis of relevant and high quality references.

In addition to rating the course materials along these dimensions, reviewers were asked to
provide evidence to support their ratings. In Summer 2006, LSO convened eight experts with
Ph.D.s in the relevant science content area and expertise in teacher education to review these
course materials. Each reviewer independently reviewed 6-15 courses, depending upon the area
of their scientific expertise. Two experts reviewed each course. After independent reviews were
completed, LSO staff convened a conference call between the reviewers to discuss their reviews.
Reviewers were instructed that consensus was not the goal of those calls but that they were free
to change their ratings based on new evidence they had not considered. Once they had completed
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all of their reviews, each expert was asked to re-examine their ratings to be sure they were rating
courses consistently (i.e. all courses that received a specific cognitive depth rating had more in
common than courses that received different cognitive depth ratings). For each rating, reviewers
agreed 50% of the time. Disagreements, however, were never more than one point apart on the
scale (with one exception). Correlations between ratings ranged from 0.77 for relevance to 0.87
for accuracy, suggesting that while reviewers did not always agree on the exact position of the
course along the scale they agreed on the relative position (i.e. which courses were better or
worse than others). Not surprisingly, the ratings were highly correlated. In the analyses presented
in this paper, courses were described as being of high cognitive depth (top two ratings) or not.

Data Analyses

Hierarchical linear modeling (HLM) was used to examine the relationship between course
characteristics and student outcomes while accounting for course-level and student level
characteristics. While similar to standard regression analyses, HLM is more statistically precise
because it accounts for the hierarchical nature of the design by separating the variation in student
outcomes into within-course and between-course components (Raudenbusch & Bryk, 2002).
Fully unconditional HLM models revealed that the amount of variability at the course level in
these outcomes ranged from 12% (grades and quality of participation) to 20% (mastery of
science content). All HLM models accounted for the following course/instructor and student
characteristics:

Course-level Characteristics

e Whether or not the course is administered through a university

e Response rate (percentage of all students in the course completing the study)

e Instructor grading strategy (percentage of A’s, percentage of course grade assigned to
discussions)

e Instructor sex and age

Student-level Characteristics

e Whether or not the student had earned a bachelor’s degree in a science field

e Students’ sex, pre-course science academic self-efficacy, and pre-course perceived value of
science

e Whether or not the student had 10 or more years of science teaching experience

e Other relevant measures of course performance (e.g., analyses of student’s final course
grades accounted for the instructor’s ratings of their mastery and quality of participation,
both potential contributors to their final grade)

Tables 1 and 2 present descriptive statistics and bivariate correlations for course-level and
student-level characteristics.
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Table 1

Descriptive statistics and bivariate correlations among all course-level variables

Course-level variables

Course-level variables (n=37)

Mean SD 1 2 3
1. Pen and paper instruction 2.49 0.94 -- -- --
2. Hands-on instruction 1.64 0.72 -0.29 -- --
3. Minds-on instruction 3.64 0.57 0.12 -0.04 --
4. Collaborative instruction 2.49 1.04 0.19 -0.20 0.37*
5. Aggregated perceived instructor support 4.11 0.36 0.08 0.17 0.49%*
6. Aggregated perceived student support 3.89 0.41 0.04 0.06 0.59%**
7. Aggregated perceived course support 3.87 0.29 -0.17 0.16 0.21
8. High cognitive depth (1=Yes) 0.46 0.51 0.44**  -0.29 -0.03
9. Choice of discussion topics 3.54 1.26 0.20 -0.05 0.35%
10. Percentage of course grade towards discussions 25.90 13.82 -0.08 0.38%* -0.03
11. University program (1=Yes) 0.68 0.47 0.49%*  -0.22 -0.05
12. Percentage of A's 60.74 24.71 0.26 -0.03 0.34%*
13. Response rate 65.53 23.15 0.27 0.05 -0.31
14. Instructor sex (1=Female) 0.41 0.50 -0.03 0.16 -0.09
15. Instructor age 55.32 11.29 -0.05 -0.16 -0.06
NOTE: University program, instructor sex, and high cognitive depth are binary variables. All other variables are
standardized. See Appendix A for description of pen and paper, hands-on, minds-on, and collaborative instruction
constructs. Aggregated instructor, student, and course support measures are course averages of student perceptions
described in Appendix B.
*p<0.05, **p<0.01

Table 1 (cont.)
Descriptive statistics and bivariate correlations among all course characteristics

Course characteristic 4 5 6 7 8 9
4. Collaborative Instruction -- -- -- -- -- --
5. Aggregated perceived instructor support 0.18 -- -- -- -- --
6. Aggregated perceived student support 0.33*  0.45%* - -- -- --
7. Aggregated perceived course support 0.07 0.44%* 0.23 -- -- --
8. High cognitive depth (1=Yes) 0.18 0.36* 0.04 0.05 -- --
9. Choice of discussion topics 0.07 -0.23 -0.38* -0.23 0.12 --
10. Percentage of course grade towards discussions -0.22 0.18 0.33* -0.07 0.08 -0.05
11. University program (1=Yes) 0.51**  -0.08 0.07 -0.34* 0.18 0.02
12. Percentage of A's 0.34* 0.16 0.45%* 0.09 0.30 -0.09
13. Response rate -0.17 0.09 0.03 0.04 0.00 -0.01
14. Instructor sex (1=Female) -0.35% 0.13 -0.05  045*  -0.21 -0.23
15. Instructor age 0.02 0.06 -0.06 -0.26 0.13 0.47%*

NOTE: University program, instructor sex, and high cognitive depth are binary variables. All other variables are

standardized. See Appendix A for description of pen and paper, hands-on, minds-on, and collaborative instruction
constructs. Aggregated instructor, student, and course support measures are course averages of student perceptions

described in Appendix B.
*p<0.05, **p<0.01
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Table 1 (cont.)
Descriptive statistics and bivariate correlations among all course characteristics
Course characteristic 10 11 12 13 14

10. Percentage of course grade towards discussions -- -- -- -- --

11. University program (1=Yes) -0.16 -- -- -- --
12. Percentage of A's 0.01 0.39% -- -- --
13. Response rate 0.02 0.17 -0.19 -- --
14. Instructor sex (1=Female) 0.02 -0.49%*  -0.26 0.30 --
15. Instructor age 0.01 -0.06 -0.06 0.03 -0.21

NOTE: University program, instructor sex, and high cognitive depth are binary variables. All other variables
are standardized. See Appendix A for description of pen and paper, hands-on, minds-on, and collaborative
instruction constructs. Aggregated instructor, student, and course support measures are course averages of
student perceptions described in Appendix B.

*p<0.05, **p<0.01

Table 2
Descriptive statistics and bivariate correlations among all student-level characteristics
Student-level variables (N=263)

Student-level variable Mean  SD 1 2 3

1. Pen and paper instruction 2.53 1.20 -- -- --

2. Hands-on instruction 1.63 0.84 -0.11 -- --

3. Minds-on instruction 3.67 0.63 0.10 0.12 --
4. Collaborative instruction 2.48 1.15 0.14%* -0.16%*  0.24%*
5. Perceived instructor support 4.11 0.67 0.13* 0.11 0.29**
6. Perceived student support 3.95 0.64 0.09 0.07 0.35%*
7. Perceived course supports 3.92 0.57 0.01 0.20%*  0.18**
8. Perceived intellectual difficulty 2.00 0.31 0.17%* -0.13* 0.09
9. Choice of discussion topics 3.76 1.28 0.13* -0.13* -0.13*
10. Science academic self-efficacy 4.21 0.53 -0.05 -0.07 0.00
11. Perceived value of science 4.39 0.43 -0.10 0.03 -0.03
12. Bachelor's degree in science (1=Yes) 0.67 0.47 0.05 -0.18%* -0.07
13. Student sex (1=Female) 0.65 0.48 -0.05 0.01 -0.10
14. 10+ years of teaching exp (1=Yes) 022 042 0.05 0.07 0.03
15. Final course grade 1121 1.52 0.05 -0.03 0.13*
16. Instructor rating of mastery of content 326 094 -0.17%* -0.04 0.07
17. Instructor rating of quality of participation 3.24 0.94 -0.16* -0.03 0.10
18. Instructor rating of freq of participation 3.27 0.90 -0.15* 0.05 0.12%*

NOTE: All non-binary variables are standardized. See Appendix B for description of course
perceptions.
*p<0.05, **p<0.01
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Table 2 (cont.)
Descriptive statistics and bivariate correlations among all student-level characteristics

Student-level variable 4 5 6 7 8 9

4. Collaborative instruction - - -- -- -- -
5. Perceived instructor support 0.10 - -- -- -- --
6. Perceived student support 0.22%*  0.50%* - - -- --
7. Perceived course supports -0.04 0.53**  0.34** - - -
8. Perceived intellectual difficulty 0.13* 0.10 0.08 -0.18** - --
9. Choice of discussion topics -0.03 -0.14* -0.07 -0.05 0.03 -
10. Science academic self-efficacy 0.12 0.03 0.14* 0.11 -0.19**  -0.03
11. Perceived value of science 0.11 0.10 0.16* 0.15* -0.15* -0.08
12. Bachelor's degree in science (1=Yes) 0.07 -0.17**  -0.11 -0.16*  -0.14* -0.07
13. Student sex (1=Female) -0.10 0.04 -0.09 -0.10 0.07 -0.08
14. 10+ years of teaching exp (1=Yes) -0.04 0.08 -0.01 -0.02 -0.02  -0.18**
15. Final course grade 0.08 0.18** 0.09 0.18**  -0.16**  -0.11
16. Instructor rating of mastery of content -0.06 -0.02 0.03 0.15%  -0.24** 0.00
17. Instructor rating of quality of participation ~ -0.05 0.10 0.11 0.22%*  -0.22%%  -0.13*
18. Instructor rating of freq of participation -0.03 0.14*  0.18%*  0.19*%*  -023*%*  -0.16*

NOTE: All non-binary variables are standardized. See Appendix B for description of course perceptions.
*p<0.05, **p<0.01

Table 2 (cont.)
Descriptive statistics and bivariate correlations among all student-level characteristics

Student-level variable 10 11 12 13 14 15 16 17
10. Science academic self-efficacy - - - - - - - -
11. Perceived value of science 0.57** -- -- -- -- -- - -
12. Bachelor's degree in science 0.28%* 0.11 - - - - - -
(1=Yes)

13. Student sex (1=Female) -0.18**  -0.08 -0.03 - - - - -
14. 10+ years of teaching (1=Yes) 0.05 0.10 0.14* 0.06 - - -- -
15. Final course grade 0.10 0.05 0.02 -0.13*  0.20** -- -- --
16. Mastery of science content 0.11 -0.03 0.07 -0.09 0.12 0.61** -- --
17. Quality of participation 0.11 0.01 0.07 -0.03  0.16%* 0.54%*  (.74%* --
18. Frequency of participation 0.06 -0.02 0.04 0.07 0.14*  0.55** 0.67** (.73**

NOTE: All non-binary variables are standardized. See Appendix B for description of course perceptions.
*p<0.05, **p<0.01

In HLM analyses, all non-binary variables, including outcomes, were standardized to have a
mean of zero and a standard deviation of one. Thus, all coefficients are reported in terms of
effect sizes. All non-binary course-level variables were centered around the grand mean across
courses and all non-binary student-level variables were centered around the group (course) mean.
All binary variables were not centered. In all models, the intercept coefficient represents the
estimated outcome for male students (gender=0) with less than 10 years science teaching
experience (10+ years=0) and no bachelor’s degree in a science field (bachelor’s degree=0), with
an average level of science academic self-efficacy and perceived value of science among their
classmates (self-efficacy and perceived value=0). These students are in courses taught by male
instructors of average age (instructor sex and age=0) in non-university programs, in courses with
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average response rates, average percentages of As given, and average percentage of the final
grade allotted to online discussions. Coefficients of course-level predictors of the intercept
represent the unit change in an outcome associated with a one-unit change in the course
characteristic. Coefficients for the effects of student-level predictors represent the unit change in
the outcome associated with a one-unit change in the course characteristic among students in
their course.

Results

Final HLM models are presented for each outcome. Relative to the fully unconditional
model, the model fit significantly improved for final course grades (chi-sq=326.03, 21(202) d.f.,
p<.01), mastery of science content (chi-sq=348.04, 21(203) d.f., p<.01), and quality of
participation in online discussions (chi-sq=363.3, 21(207) d.f., p<.01). These models explained
between 24 and 55% of the course-level variability and approximately half (47-54%) of the
student-level variability in these outcomes.

Final Course Grades

Results of the final HLM model of student’s final course grades are presented in Table 3.
Across courses, the following course characteristics were significantly related to higher final
course grades:

e More frequent usage of pen and paper instructional activities

e Less frequent usage of hands-on instructional activities

e Less frequent usage of minds-on instructional activities

Final course grades did not vary significantly across courses with different levels of
collaborative instructional activities; perceived support from course materials, instructor, and
other students; cognitive depth of course materials; or choice of discussion topics. There are two
potential interpretations of this set of findings. One interpretation is that more common
instructional activities (pen & paper) may be more comfortable/familiar for students than less
common activities (hands-on and minds-on), resulting in better course performance. An
alternative explanation are differences in grading strategies among instructors utilizing each of
these instructional strategies—perhaps instructors who rely more on hands-on and/or minds-on
instructional activities are less likely to give higher grades than instructors who rely more on pen
& paper activities. This variation in grading strategies may be an idiosyncratic characteristic of
the instructors or may be related to the instructional methods they chose (i.e., performance in
minds-on activities may be more difficult to evaluate).
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Table 3

Course-level and student-level variables as predictors of student's final course grades
Predictor Coef. SE t d.f. P-value
Intercept 0.56 0.24 2.36 21 0.03

Course-level predictors

Pen and paper instruction 0.17 0.09 2.05 21 0.05
Hands-on instruction -0.16 0.07 -2.42 21 0.03
Minds-on instruction -0.21 0.10 -2.12 21 0.05
Collaborative instruction 0.04 0.07 0.53 21 0.60
Aggregated perceived instructor support 0.08 0.07 1.15 21 0.26
Aggregated perceived student support 0.00 0.12 0.03 21 0.98
Aggregated perceived course support 0.10 0.07 1.35 21 0.19
High cognitive depth (1=Yes) -0.29 0.22 -1.33 21 0.20
Instructor choice of discussion topics -0.03 0.06 -0.52 21 0.61

Course-level controls

Percentage of course grade towards discussions -0.01 0.00 -1.37 21 0.19
University program (1=Yes) -0.45 0.15 -2.96 21 0.01
Percentage of A's 0.01 0.00 341 21 0.00
Response rate 0.00 0.00 -1.41 21 0.17
Instructor sex (1=Female) 0.11 0.17 0.66 21 0.52
Instructor age 0.02 0.01 2.61 21 0.02

Student-level predictors

Pen and paper instruction -0.10 0.11 -0.93 202 0.35
Hands-on instruction -0.01 0.10 -0.14 202 0.89
Minds-on instruction 0.02 0.07 0.37 202 0.71
Collaborative instruction 0.00 0.07 0.06 202 0.95
Perceived instructor support 0.16 0.07 2.19 202 0.03
Perceived student support -0.13 0.08 -1.60 202 0.11
Perceived course supports -0.06 0.05 -1.35 202 0.18
Perceived intellectual difficulty 0.15 0.13 1.16 202 0.25
Instructor choice of discussion topics -0.06 0.04 -1.51 202 0.13

Student-level controls

Instructor rating of mastery of content 0.59 0.11 543 202 0.00
Instructor rating of quality of participation 0.20 0.09 2.16 202 0.03
Science academic self-efficacy 0.04 0.06 0.63 202 0.53
Perceived value of science 0.00 0.05 -0.06 202 0.95
Bachelor's degree in science field (1=Yes) -0.10 0.11 -0.91 202 0.36
Student sex (1=Female) -0.07 0.08 -0.91 202 0.37
10+ years of teaching experience (1=Yes) 0.02 0.10 0.17 202 0.87

NOTE: Grades are standardized and all coefficients are effect sizes (i.e. units are standard deviations of grades).

Among students within the same course, students reporting higher levels of instructor support
received higher final course grades than students reporting lower levels of support. The level of
student or course supports students perceived and the frequency with which they participated in
any of the instructional activities, however, was not significantly related to their final course
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grade after accounting for the instructor’s ratings of their mastery of science content and the
quality of their participation in online discussions and other background characteristics.

Mastery of Science Content

The final HLM model for student’s mastery of science content (as reported by the instructor)
is presented in Table 4. The following course characteristics were significantly related to higher
levels of student mastery of science content across courses:

e Lower average levels of perceived instructor support

e Higher average levels of perceived course supports

e More student choice of discussion topics.

Student’s mastery of science content ratings did not vary significantly by average levels of
student support, any instructional methods, or the cognitive depth of the course materials.
Instructor and course supports may counterbalance one another. That is, instructors may design
courses with high levels of course support where course materials were organized so students see
the connections between concepts so they expect students to rely less on the instructor to support
their learning. Another explanation focuses on the meaning instructors attribute to support-
seeking behavior—courses in which student seek more support may be seen as lower in mastery
than courses in which students seek less support. Student choice of discussion topics may
encourage learning by giving students more ownership over the course content.
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Table 4
Course-level and student-level variables as predictors of student's mastery of science content (as
rated by their instructor)

Predictor Coef. SE t d.f. P-value

Intercept -0.06 0.25 -0.24 21 0.82

Course-level predictors

Pen and paper instruction -0.02 0.08 -0.27 21 0.79
Hands-on instruction -0.12 0.06 -1.88 21 0.07
Minds-on instruction 0.05 0.12 0.44 21 0.67
Collaborative instruction 0.03 0.08 0.46 21 0.65
Aggregated perceived instructor support -0.34 0.09 -3.94 21 0.00
Aggregated perceived student support -0.13 0.13 -1.01 21 0.33
Aggregated perceived course support 0.25 0.10 2.54 21 0.02
High cognitive depth (1=Yes) -0.16 0.18 -0.87 21 0.40
Instructor choice of discussion topics -0.20 0.08 -2.50 21 0.02

Course-level controls

Percentage of course grade towards discussions 0.00 0.00 0.05 21 0.96
University program (1=Yes) -0.07 0.17 -0.40 21 0.69
Percentage of A's 0.00 0.00 0.26 21 0.80
Response rate -0.01 0.00 -1.70 21 0.10
Instructor sex (1=Female) 0.39 0.22 1.80 21 0.09
Instructor age 0.04 0.01 5.93 21 0.00
Student-level predictors
Pen and paper instruction 0.02 0.07 0.30 203 0.77
Hands-on instruction 0.00 0.06 0.05 203 0.96
Minds-on instruction 0.06 0.07 0.86 203 0.39
Collaborative instruction 0.06 0.06 0.98 203 0.33
Perceived instructor support -0.15 0.05 -2.70 203 0.01
Perceived student support 0.11 0.05 2.20 203 0.03
Perceived course supports 0.08 0.04 1.84 203 0.07
Perceived intellectual difficulty -0.51 0.17 -2.97 203 0.00
Instructor choice of discussion topics -0.03 0.03 -0.88 203 0.38

Student-level controls

Final course grade 0.59 0.06 10.31 203 0.00
Science academic self-efficacy 0.06 0.08 0.80 203 0.42
Perceived value of science -0.12 0.06 -2.18 203 0.03
Bachelor's degree in science field (1=Yes) 0.07 0.13 0.56 203 0.58
Student sex (1=Female) -0.06 0.07 -0.78 203 0.44
10+ years of teaching experience (1=Yes) 0.24 0.11 2.16 203 0.03

NOTE: Mastery ratings are standardized and all coefficients are effect sizes (i.e. units are standard deviations of
mastery ratings).
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Within a course, students reporting less instructor support, more student support, and less
perceived difficulty of the course materials received higher mastery ratings than their classmates
after accounting for their final course grades, academic self-efficacy, perceived value of science,
and other background characteristic.

Quality of Participation in Online Discussions

Table 5 presents the final HLM model for the quality of student’s participation in online
discussions (as rated by their instructor). Across courses, the following course characteristics
were associated with higher quality of participation:

e Lower average levels of perceived instructor support

e Higher average levels of perceived course supports

e More student choice of discussion topics

Student’s quality of participation ratings did not vary significantly by average levels of
student support, any instructional methods, or the cognitive depth of the course materials. While
the overall pattern of course-level results is identical to those found for student’s mastery of
science, the magnitude of the effects differs across outcome. The effect of perceived instructor
support is -0.34 for student’s mastery of science content and -0.25 for student’s quality of
participation. Similarly, the positive effect of perceived course supports is stronger for student’s
quality of participation (coeff=0.33) than their mastery of science content ratings (coeff=0.25).
Perhaps the counterbalancing of support differs by outcome—instructors giving more importance
to instructor supports in relation to mastery and more importance to course supports in relation to
online discussions. Instructors may also interpret student support-seeking behaviors as reflecting
more on their mastery than the quality of participation in online discussions (where, in fact,
support-seeking may be expected and encouraged). Finally, while the effect of more student
choice of discussion topics on student’s mastery of science content ratings (coeff=-0.20) was
0.10 S.D. less than the effect on student’s quality of participation ratings (coeff=-0.30). This
difference in magnitude makes sense if online discussions are a primary site of science
knowledge construction in online discussions—the more students feel in control of the
discussion, the more they may contribute to its quality.
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Table 5
Course-level and student-level variables as predictors of student's quality of participation in
online discussions (as rated by their instructor)

Predictor Coef. SE t d.f. P-value

Intercept 0.06 0.26 0.21 21 0.83

Course-level predictors

Pen and paper instruction -0.02 0.08 -0.20 21 0.85
Hands-on instruction 0.04 0.06 0.69 21 0.50
Minds-on instruction 0.04 0.11 0.35 21 0.73
Collaborative instruction 0.05 0.08 0.66 21 0.52
Aggregated perceived instructor support -0.25 0.06 -4.34 21 0.00
Aggregated perceived student support -0.17 0.12 -1.36 21 0.19
Aggregated perceived course support 0.33 0.08 4.24 21 0.00
High cognitive depth (1=Yes) -0.13 0.15 -0.85 21 0.41
Instructor choice of discussion topics -0.30 0.06 -4.75 21 0.00

Course-level controls

Percentage of course grade towards discussions 0.00 0.00 -0.57 21 0.57
University program (1=Yes) 0.01 0.19 0.08 21 0.94
Percentage of A's 0.00 0.00 -1.44 21 0.16
Response rate -0.01 0.00 -2.10 21 0.05
Instructor sex (1=Female) 0.13 0.21 0.60 21 0.55
Instructor age 0.04 0.01 6.63 21 0.00
Student-level predictors
Pen and paper instruction -0.05 0.08 -0.57 207 0.57
Hands-on instruction -0.09 0.05 -1.79 207 0.07
Minds-on instruction 0.09 0.05 1.82 207 0.07
Collaborative instruction 0.09 0.05 1.97 207 0.05
Perceived instructor support -0.06 0.05 -1.12 207 0.27
Perceived student support 0.01 0.05 0.25 207 0.81
Perceived course supports 0.10 0.05 1.95 207 0.05
Perceived intellectual difficulty -0.12 0.13 -0.93 207 0.36
Instructor choice of discussion topics 0.00 0.03 -0.02 207 0.99

Student-level controls

Instructor rating of frequency of participation 0.68 0.05 12.54 207 0.00
Science academic self-efficacy 0.02 0.05 0.45 207 0.66
Perceived value of science 0.00 0.06 0.06 207 0.95
Bachelor's degree in science field (I1=Yes) 0.04 0.05 0.80 207 0.43
Student sex (1=Female) -0.11 0.10 -1.15 207 0.25
10+ years of teaching experience (1=Yes) 0.36 0.12 3.05 207 0.00

NOTE: Quality of participation ratings are standardized and all coefficients are effect sizes (i.e. units are standard
deviations of instructor ratings).
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Among students taking the same course, students reporting greater participation in collaborative
instructional activities and high levels of course support received higher quality of participation
ratings than students reporting less frequent collaboration or perceived course support after
accounting for differences in the frequency of their participation on online discussions.

Discussion

In the LSO study we asked:

e What characteristics of online science courses are most strongly associated with
positive learning outcomes among science teachers, after accounting for teacher's
prior science experiences and demographics?

Based upon previous research, the following findings were hypothesized:
e Students who perceive higher levels of social presence in online courses will have
more positive learning outcomes
e Students who perceive higher levels of teaching presence in online courses will
have more positive learning outcomes
e Students who engage more frequently in hands-on and minds-on instructional activities
will have more positive science learning outcomes

Final Course Grades

Within each course, students who reported receiving more instructor support got higher
grades than other students in their course, controlling for their mastery and quality ratings. This
supports the hypothesis that instructor support contributes to positive learning outcomes,
however it is surprising that neither course supports nor student supports have a significant
impact on students’ final course grades.

Regarding instructional methods, hands-on and minds-on activities are often thought of as
consistent with reform or inquiry-based instructional-methods (Borko, Stecher, & McClam,
2003). Students who were in courses that had more frequent expectations for hands-on and
minds-on activities tended to get lower grades than students in courses that did not expect
students to engage as frequently in these activities. Students in courses with expectations for
frequent pen and paper activities received higher grades than courses with lower frequencies of
these activities. Perhaps students are unable to fulfill (or even be aware of) instructor’s
expectations as well when engaged in reform-based instructional activities. It also may suggest
that instructors are more familiar with how to rate achievement in courses with more common
activities such as pen and paper problem sets or exams than they are in more inquiry-based
courses.

Mastery of Science Content

Students’ mastery of science content ratings told a different story. Instructors teaching
courses where students report higher average levels of instructor support tended to give lower
mastery ratings compared to instructors teaching courses where students reported less average
levels of instructor support. Students receiving higher mastery ratings may have relied more on
course supports, as high mastery ratings correlated with high levels of course supports. This
partially confirms the hypothesis in that course supports are positively correlated with positive
learning outcomes, but it is counter to the hypothesis that instructor support actually has a
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positive impact. It may be that the instructor who does not provide much support is unaware of
and tends to overrate their students’ mastery level or they may interpret student requests for
support as evidence of a lack of mastery. Average levels of perceived student support in a course
had no significant impact on students’ mastery of science content.

Within a course, students who perceived low levels of instructor support and high levels of
student support received higher mastery ratings than other students in their courses. Instructors
may have rated students who were independent from the instructor but felt supported by
classmates as having more mastery.

The average mastery rating varies across courses depending on who chooses the majority of
discussion topics. In courses where the instructor chose most of the topics, students tend to have
lower mastery ratings. This may mean that students are having trouble mastering the content
when it is not focused on their topics of interest, or conversely, they excel when they are able to
choose the path of discussion. Or, instructors may decide to choose more of the discussion topics
when they perceive their students as having less mastery of the science content.

Quality of Online Discussion Participation

Instructors also rated the quality of students’ participation in online discussions. Like with
the mastery rating, hypotheses regarding the relationship of increased supports with higher
student outcomes were partially confirmed. With quality ratings, as with master ratings, students
in courses with low levels of perceived instructor support and high levels of perceived course
supports received higher quality of participation ratings. The students achieving these higher
ratings (both mastery and quality) may be independent learners who are in less need of instructor
support, but again, appreciate and are able to utilize well-crafted course materials.

The quality of online participation ratings were also higher for students in courses with
higher frequencies of collaborative activities. This may be because the collaborative work
provided fodder for rich discussion, more so than in courses that didn’t provide those activities.
Instructors who tend towards collaborative work may also have a different sense with which to
evaluate discussions, looking for the quality of teamwork more than the quality of content.

The quality ratings of students were also higher in courses where students chose most of the
discussion topics. Again, this suggests that students will invest more, and get more out of,
discussions when they are allowed to discuss their related areas of interest.

Summary and Implications

This study examined three types of student outcomes: final grades, mastery of science
content, and quality of participation in online discussions, and their relationship to specific
course characteristics. Important findings include that:

e High levels of course supports, meaning scaffolding within the materials to help
students understand and link concepts, were important for student’s mastery of
content and quality of participation in online discussions.

e High levels of instructor support were related to higher grades but lower mastery and
quality of discussion.

e Students in courses with high frequency of hands-on and minds-on activities tended
to get lower grades, while those in courses with high frequency of pen and paper
activities tended to get higher grades.

Some overall implications of these findings for developers include the importance of course
design for students’ success. Courses with supportive structures in place through materials
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presented opportunities for student achievement, even when there was less instructor support.
This suggests that the role of the instructor shifts in online learning to one who must pre-design
the course with the student in mind, but then fade the interaction and let students play a
significant role in their own learning, including choosing relevant discussion topics.

Online discussion boards were used in over 90% of LSO courses as a primary instructional
tool, and students and instructors in these courses also reported high frequency of minds-on
activities such as articulating and reflecting on scientific ideas, analyzing evidence and drawing
conclusions, and posing scientific questions (Asbell-Clarke & Rowe, 2007). Assessment and
evaluation of minds-on instructional activities associated with online discussion may not be as
straightforward for instructors, as they appear to give higher grades in courses with more familiar
activities such as frequent pen and paper activities and lower grades in courses with higher rates
of minds-on activities. This suggests that instructors may need new methods of assessment as
well as clear ways to explicate criteria and expectations to their students for online discussion
activities.

The prevalence of minds-on instructional activities using online discussion in these courses
may also provide a rich opportunity for research on teaching and learning, and suggests that
additional research is needed to understand the nature of these discussions and the extent to
which they foster useful scientific discourse. Future analyses of the transcripts collected from
LSO will examine the nature of the course, instructor, and student supports within these
discussions, in particular those that correlate with higher levels of mastery of science content and
scientific reasoning.
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Appendix A

Course scales, items, and alpha coefficients
Pen and Paper Instructional Activities («=0.62)
1. Worked with pen and paper problem sets (e.g., problems from a textbook or worksheet)
2. Students expected to use books as part of this course.
3. Students expected to use calculators as part of this course.
Scale: 1=Not at all; 2=Once or twice in the course;, 3=Once or twice a month; 4=0Once or
twice a week,; 5=Three times a week or more.

Hands-On Instructional Activities (a=0.82)

1. Interacted with physical materials or models (e.g., mixing solutions, building circuits, scale
models)

2. Carried out procedures of scientific investigations designed by instructors or course
developers (e.g., lab exercises, kitchen experiments)

3. Designed their own scientific investigation(s) (e.g. developed hypothesis or question and
procedures)

4. Carried out procedures of scientific investigations they designed (e.g. collected data, made
observations)

Scale: 1=Not at all; 2=Once or twice in the course; 3=0Once or twice a month; 4=Once or
twice a week,; 5=Three times a week or more.

Minds-On Instructional Activities (a=0.79)

1. Articulated their scientific ideas in an on-line discussion.

2. Reflected upon their earlier scientific ideas

3. Reflected upon the scientific ideas of other students.

4. Raised questions with other students about their scientific ideas.

5. Analyzed and drew conclusions from data, observations, and other forms of scientific
evidence

6. Provided evidence to support their scientific ideas.

Scale: 1=Not at all; 2=0nce or twice in the course; 3=0Once or twice a month; 4=0nce or
twice a week; 5=Three times a week or more.

Collaborative Instructional Activities (a=0.87)

1. Worked as part of a team on group projects or assignment

2. Worked as part of a small student group created to discuss course content

3. Worked as part of a small student group created to complete assignments or activities

4. Worked as part of a small student group created to review each other’s work

Scale: 1=Not at all; 2=0nce or twice in the course; 3=0Once or twice a month; 4=0nce or
twice a week,; 5=Three times a week or more.
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Instructor Choice of Discussion Topics

1. Which of the following best describes who chose new topics (i.e. initiated a new thread)
within the on-line discussions in this course?

Scale:

1=Students chose nearly all of the new topics within the on-line discussions.

2=Students chose most of the new topics within the on-line discussions. Instructors chose a
few of the new topics within the on-line discussions.

3=Students and instructors were equally likely to have chosen new topics within the on-line
discussions.

4=Instructors chose most new topics within the on-line discussions. Students chose a few of
the new topics within the on-line discussions.

S=Instructors chose nearly all new topics within the on-line discussions.
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Appendix B

Student scales, items, and alpha coefficients
Pen and Paper Instructional Activities («=0.77)
1. Worked with pen and paper problem sets (e.g., problems from a textbook or worksheet)
2. Used books as part of this course.
3. Used calculators as part of this course.
Scale: 1=Not at all; 2=Once or twice in the course;, 3=Once or twice a month; 4=0Once or
twice a week,; 5=Three times a week or more.

Hands-On Instructional Activities (a=0.84)

1. Interacted with physical materials or models (e.g., mixing solutions, building circuits, scale
models)

2. Carried out procedures of scientific investigations designed by instructors or course
developers (e.g., lab exercises, kitchen experiments)

3. Designed my own scientific investigation(s) (e.g. developed hypothesis or question and
procedures)

4. Carried out procedures of scientific investigations I designed (e.g. collected data, made
observations)

Scale: 1=Not at all; 2=Once or twice in the course; 3=0Once or twice a month; 4=Once or
twice a week,; 5=Three times a week or more.

Minds-On Instructional Activities (a=0.65)

1. Articulated my scientific ideas in an on-line discussion.

2. Reflected upon my earlier scientific ideas

3. Reflected upon the scientific ideas of other students.

4. Raised questions with other students about their scientific ideas.

5. Analyzed and drew conclusions from data, observations, and other forms of scientific
evidence

6. Provided evidence to support my scientific ideas.

Scale: 1=Not at all; 2=0nce or twice in the course; 3=0Once or twice a month; 4=0nce or
twice a week,; 5=Three times a week or more.

Collaborative Instructional Activities (a=0.74)

1. Worked as part of a team on group projects or assignment

2. Worked as part of a small student group created to discuss course content

3. Worked as part of a small student group created to complete assignments or activities

4. Worked as part of a small student group created to review each other’s work

Scale: 1=Not at all; 2=0nce or twice in the course; 3=0Once or twice a month; 4=0nce or
twice a week,; 5=Three times a week or more.
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Perceived Intellectual Difficulty
1. Intellectually, the course materials were...
Scale: 1=too easy for me; 2=just right for me,; 3=too difficult for me

Perceived Instructor Support (a=0.88)

1. Interactions with the instructor helped me understand the course material better.

2. I felt supported by the instructor(s) as I developed my understanding of the course material.
3. I felt my contributions to the on-line discussions were valued by the instructor.

4. The instructor(s) was accessible to me.

5. I was encouraged to provide feedback to the instructors about my questions and concerns
about the course.

Scale: 1=Strongly Disagree; 2=Disagree: 3=Neutral;, 4=Agree; 5=Strongly Agree

Perceived Student Support (a=0.80)

1. Interactions with the other students helped me understand the course material better.

2. I felt supported by other students as I developed my understanding of the course content.
3. I felt my contributions to the on-line discussions were valued by other students.

4. The class atmosphere encouraged me to make contributions to the on-line discussions.
Scale: 1=Strongly Disagree; 2=Disagree: 3=Neutral; 4=Agree; 5=Strongly Agree

Perceived Course Supports (a=0.77)

1. I usually understood the content being taught in the course.

2. The course seemed to be designed to address multiple learning styles

3. I felt my learning style was well suited for this course.

4. Course materials were organized so that each new concept built upon previous learning.
5. Course materials were organized so it was clear how different concepts covered in this
course fit together.

Scale: 1=Strongly Disagree; 2=Disagree: 3=Neutral; 4=Agree; 5=Strongly Agree

Instructor Choice of Discussion Topics

1. Which of the following best describes who chose new topics (i.e. initiated a new thread)
within the on-line discussions in this course?

Scale:

1=Students chose nearly all of the new topics within the on-line discussions.

2=Students chose most of the new topics within the on-line discussions. Instructors chose a
few of the new topics within the on-line discussions.

3=Students and instructors were equally likely to have chosen new topics within the on-line
discussions.

4=Instructors chose most new topics within the on-line discussions. Students chose a few of
the new topics within the on-line discussions.

S=Instructors chose nearly all new topics within the on-line discussions.
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