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Introduction
Teacher quality has been found to be strongly correlated with students’ academic achievement 

(Darling-Hammond, 2000; Jordan, Mendro, & Weerasinghe, 1997; Rice, 2003; Rivken, Hanushek, & 
Kain, 2005; Nye, Konstantopoulos, & Hedges, 2004; Wright, Horn, & Sanders, 1997). Two strategies 
for improving teacher quality focus on: a) improving the preparation of teachers before they enter 
the field (e.g., pre-service training); and b) improving the quality of in-service teachers through pro-
fessional development (PD). In an effort to increase access and convenience and to improve cost-
efficiency, there has been growing interest in on-line delivery of professional development (OPD) 
(Kleiman, 2004; Ginsberg, Gray, & Levin, 2004; Dede, 2006; Galley, 2002; Keller, 2005).

Currently, however, there is a dearth of scientifically-based research exploring the effects of 
OPD on teacher and student outcomes. In recent years, there have been calls to rigorously examine 
the impacts of OPD (Dede, 2006; Dede, 2009; Dede, Ketelhut, Whitehouse, Breit, & McCloskey, 
2009; Ginsberg, Gray, & Levin, 2004; Ketelhut, McCloskey, Dede, Breit, & Whitehouse, 2006). These 
scholars recommend that research should focus on whether OPD has effects on teachers’ knowl-
edge, skills, attitudes, beliefs, and classroom practices, and whether these changes translate to im-
provements in student achievement (Desimone, 2009).

To date, the vast majority of research on PD and OPD has focused on design features that 
increase engagement and course quality, and on the subsequent effect that PD and OPD have on 
teacher knowledge and practice (Anderson et al., 2001; Treacy, 2002;Yang and Liu, 2004). This re-
search generally finds that high-quality PD and OPD can have positive effects on teacher knowl-
edge and can influence their instructional practices (Carey, Kleiman, Russell, Venable, & Louie, 
2008; Russell, Douglas, Kleiman, & Carey, 2009). Little research, however, has examined the extent 
to which the effects of PD or OPD on teacher knowledge and instructional practices translate to 
changes in student achievement. To address this lack of evidence, this report presents findings from 
a set of four randomized trials that examined the effect of OPD on teacher knowledge, teacher prac-
tices, and student achievement. 

The findings from the four studies presented in this report are part of a larger project known 
as the e-Learning for Educators (efe) Project. The efe Project is an eight-state initiative designed to 
expand each state’s capacity to deliver high-quality OPD that addresses teacher quality and student 
achievement needs. As part of the initiative, four randomized controlled trials were conducted with 
teachers from multiple states to evaluate the effects of OPD on teachers’ knowledge and instruction-
al practices, and on students’ content knowledge and practices.1 Each trial focused on a single grade 
level and subject area: fourth grade English language arts (ELA), fifth grade mathematics, seventh 
grade ELA, and eighth grade mathematics. 

This report presents findings from each of the four trials. Since the methodology employed 
for the trials was identical, the report begins by describing the research design. Subsequently, the 
unique details of each trial is presented in turn. First, the content of the OPD for each trial is de-
scribed. Second, information about the sample and the data collection instruments employed for 
the trial is presented. Third, analyses that examine the treatment effects on teacher knowledge and 
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practices, and the effects on student learning and practices are presented. Finally, the findings for 
each trial are summarized. After presenting each trial separately, the report then discusses limita-
tions of the study design and summarizes the findings across the four trials.

Study Design for Each Trial
Four independent randomized controlled trials were conducted to examine the effects of OPD 

on teachers’ content knowledge and pedagogical practices as well as student achievement within the 
targeted content area. Two of the trials focused on mathematics and two trials focused on ELA: 

Trials focusing on mathematics were conducted with fifth and eighth grade teachers •	
and students. 
Trials focusing on ELA were conducted with fourth grade and seventh grade teachers •	
and students. 

Each trial was conducted across multiple states between January 2007 and June 2009 and includ-
ed three rounds of data collection, each spanning three school semesters. Teachers were recruited 
through calls by each state participating in the e-Learning for Educators project and through list-
servs and other on-line communities.

Each trial compared the changes in teachers’ content knowledge and instructional practices,  
and student achievement between participants assigned to either a control or treatment group. For 
the two ELA trials, changes in student practices were also examined. For each trial, teachers who 
volunteered to participate were randomly assigned to the treatment or control group; students were 
grouped based on the assignment of their teacher. All teachers took a pre-survey in the spring 
semester of their first year of participation. Teachers in the treatment group then participated in a 
series of three OPD workshops: the first in the spring semester of their first year of participation, the 
second in the fall semester of their second year of participation, and the third in the spring semester 
of their second year of participation. Each workshop was sustained over seven weeks and required 
approximately 4–6 hours of participation per week from teachers. Therefore, teachers in the treat-
ment group participated in approximately 100 hours of OPD related to best practices for teaching 
specific topics within mathematics or ELA. Teachers in the control group were not restricted from 
participating in their normal PD activities (online or face-to-face). All teachers took a post-survey 
at the end of the spring semester of their second year of participation.

Although the teachers participated in the study for three school semesters, the student partici-
pants were drawn from only two school semesters- the fall and spring semesters of the teachers’ 
second year of participation. These students completed a pre-test as close as possible to the begin-
ning of the school year and a post-test as close as possible to the end of the school year. Thus, the 
student pre-test was administered after the first OPD workshop, but ideally before any instruction 
in the content area that was the focus of the teacher workshop. The post-test was administered after 
all three OPD workshops and one year of instruction were complete.

In order to minimize familiarity effects, the pre-test and post-test comprised different items. 
The two instruments were designed as parallel forms. A pool of items covering the desired content 
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was developed and pilot tested; from this pool, the best-performing items (in terms of difficulty, 
discrimination, and similarity as determined by factor analysis) were selected for inclusion in the 
instruments. Items were selected for the pre- and post-tests so that both instruments covered the 
same balance of content areas and specific outcomes (skills) within those content areas. Pre- and 
Post-test items addressing the same content area and outcome were matched by difficulty as far as 
was possible; thus, the average difficulty of the Pre-test and Post-test for each of the content scales 
was also matched. 

For each trial, the OPD workshops were developed by Education Development Center (EDC) 
through a collaborative process among various stakeholders in the efe initiative. The workshops 
were designed to include both theoretical information as well as pedagogical techniques that could 
be immediately implemented in the classroom. The OPD workshops implemented a learning com-
munity model, which combined independent activities and activities to be completed with students 
in the classroom, and placed a strong emphasis on facilitated peer-to-peer discussions (Treacy, 
Kleiman, & Peterson, 2002). Each workshop consisted of one orientation session and six sessions 
of content.  Each of the six content sessions involved three components: readings, activities, and 
discussions. The readings were drawn from articles, book chapters, or reports. The activities often 
required teachers to view online videos or work with existing classroom materials. For example, one 
activity from the vocabulary workshop asked teachers to select a text they used in their classroom 
curriculum and choose 7–10 Tier Two words from the text (Beck, McKeown, & Kucan, 2002). For 
the discussion component, each teacher participant was asked to respond to one or more questions 
related to the readings and activities via the workshop discussion board. Each teacher also had to re-
spond to at least one other teacher’s discussion board response. One example of a discussion prompt 
is: “How useful is the strategy of using Tier Two criteria for selecting words for rich instruction? 
What challenges do you see in applying the criteria?” In addition to completing the readings, activi-
ties, and discussions of the six content sessions, the teacher participants were required to create a 
final product, which involved creating an action plan or lesson plan based on the workshop content. 
Online workshop facilitators determined whether each teacher participant successfully completed 
all requirements in order to receive a passing score. In the sections below, the specific content for the 
courses employed for each trial is described in greater detail.
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Fourth Grade ELA Trial
Figure 1 lists the goals of the three fourth grade ELA workshops.

Figure 1: Fourth Grade ELA Workshop Goals

workshop:  Best Practices for Vocabulary Instruction in the Elementary Classroom

Create a learning environment that encourages motivation and interest in learning new words and •	
word-consciousness.
Encourage independent word-learning strategies while engaging in wide and varied reading.•	
Design explicit instruction in the definitional and contextual meanings of words.•	
Evaluate text and select words to study that are critical to comprehension and frequently appear in a •	
wide variety of texts.
Design vocabulary instruction to teach concepts central to content areas.•	
Implement instruction that addresses how to infer meaning through structural analysis.•	
Incorporate a balanced vocabulary program into the language arts and content area curriculum.•	

workshop:  Promoting Reading Comprehension Skills in the Elementary Classroom

Know how to explicitly teach comprehension strategies.•	
Show students how to connect their experience and knowledge to narrative text in order to anticipate •	
events, visualize settings, predict consequences, and analyze motives behind the characters’ actions.
Help students develop story schema by demonstrating the elements of story: character, setting, plot, •	
conflict/problems/goals, resolution and theme.
Teach students how to examine both content and structure in expository text.•	
Help students connect their background knowledge and experience to information in expository text.•	
When interpreting non-fiction, help students distinguish text structure in informational text: cause and •	
effect, description, compare/contrast, sequential, and problem/solution.
Help students understand question/answer relationships, so they know where they can find the answers •	
to reading comprehension questions.

workshop:  Teaching Writing in the Elementary Classroom

Teach students about the traits of good writing. •	
Use consistent criteria to evaluate student’s writing and provide feedback. •	
Provide instruction and support for students’ narrative and informational writing.•	
Understand stages of the writing process and organize instruction to guide students through the stages.•	
Confer with students and guide the revision of their writing. •	
Select or write prompts relevant to students for narrative or informational writing.•	

Sample

Table 1 (next page) displays the number of teachers who were recruited for the fourth grade 
study and the groups to which these teachers were assigned. A total of 255 teachers were recruited 
for the study. In several cases, multiple teachers from a single school volunteered to participate in 
the research study. To avoid confounding school-wide effects with the potential effects of the OPD 
courses, if multiple teachers from a single school completed all study requirements, the data from 
one of those teachers was randomly selected for inclusion in the study, and the data from the re-
maining teachers were discarded. This exclusion criterion resulted in the removal of data from eight 
teachers (3% of the recruited sample). Additionally, during the course of the study, 137 teachers 
resigned from the study (54% of the recruited sample). Some of these teachers did not complete 
one or more study requirements, others had personal conflicts, some became uncommunicative, 
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and thus provided no reason for dropping out, and finally some teachers changed teaching assign-
ments or careers, and thus were no longer eligible to participate. One-hundred and eighteen teach-
ers completed all requirements (46% of the recruited sample). One-hundred-ten countable teachers 
completed all requirements (43% of the recruited sample), excluding the multiple teachers from a 
single school. The analysis in this report is based on these 110 teachers: 49 treatment group teachers 
and 61 control group teachers.

Table 1: Number of Teacher Participants

Control 
Group

Treatment 
Group

Total Number 
of Teachers

Teachers Recruited 107 148 255

Teachers who Completed 
All Requirements 65 53 118

Final Teacher Sample 61 49 110

Table 2 (next page) shows the number of student participants. Eligible students (2a) are defined 
as students whose teachers completed all research study requirements (n=118 teachers). From this 
group of 2,481 students, the data of 793 students was discarded from the analysis for several rea-
sons. First, if a teacher was randomly excluded because there were multiple teacher participants at 
the same school, the student data of that teacher was also discarded. The number of students whose 
data was excluded for this reason is displayed in 2b. Second, data from students who reported they 
were not in fourth grade was discarded. Additionally, if a student did not report their grade, and the 
grade could not be independently confirmed with his or her teacher, the student’s data was discard-
ed (2c). Third, data from students who did not complete at least 50% of each of the six administered 
instruments (vocabulary, reading comprehension, and writing pre- and post-tests) was discarded. 
After removing data for these reasons, 922 students remained in the control group and 766 students 
remained in the treatment group. The analysis in this report is based on these 1,688 students.
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Table 2: Number of Student Participants

Control 
Group

Treatment 
Group

Total Number 
of Students

(a) Eligible students 1,338 1,143 2,481

(b) Students from multiple-
teacher schools 83 82 165

(c) Students not confirmed 
to be in fourth grade 50 42 92

(d)
Students that completed 
less than 50% of at least 
one instrument

283 253 536

(e) Final Student sample 922 766 1,688

Nearly all teachers (95%) self-identified as White, with a small percentage identifying as Black/
African American (3%). Sixty-seven percent of the students self-identified as White, 13% as Black/
African American, 12% self-identified as another race (Asian, American Indian, Native Hawai-
ian, or Other), and 9% of the students provided no race information. Almost 80% of the students 
self-identified as non-Hispanic/Latino and 4% as Hispanic/Latino; the remainder of the students 
provided no ethnicity information. There were no statistically significant differences between the 
percentages of teachers or students in each race/ethnicity category across the treatment and control 
groups (χ2=2.02, df=2, p=0.364 for teachers, and χ2=13.11, df=7, p=0.700 for students). 

Ninety-five percent of students reported that they spoke English as their first language. Nearly 
all teachers in the treatment and control groups were female (100% and 92%, respectively). There 
was a statistically significant difference between the percentage of teachers of each gender in the 
treatment and control groups (χ2=4.21, df=1, p<0.05), because all five participating male teachers 
were randomly assigned to the control group. Fifty-one percent of the participating students were 
male; 49% were female. There was no statistically significant difference between the percentages of 
each gender for the students in the treatment and control groups (χ2=1.52, df=1, p=0.218). All par-
ticipating teachers in the treatment and control groups were certified and the majority of teachers 
held Masters Degrees (72% and 62% in the treatment and control groups, respectively). There was 
no statistically significant difference between the education level of the teachers in the treatment 
and control groups (χ2=3.66, df=4, p=0.450). Approximately 70% of teachers in the treatment and 
control groups had been teaching for six or more years; there was no statistically significant differ-
ence between the years of teaching experience of the teachers in the treatment and control groups 
(χ2=7.70, df=11, p=0.740). 

The majority of participating teachers taught in high-needs schools; 61% of teachers in the 
treatment group and 75% of teachers in the control taught in Title-I funded schools. The largest 
percentage of teachers (45% in the treatment group and 43% in the control group) taught in rural 
schools, followed by city schools (32% in the treatment group and 39% in the control group), with 
some teachers from town or suburban schools (17% in the treatment group and 15% in the control 
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group).2 One goal of the overall efe initiative is to target OPD to high-needs schools, which explains 
the large percentage of teachers from Title-I funded and city or rural schools. The difference in pro-
portions of Title-I funded schools and locale of the teachers in the treatment and control group was 
not statistically significant (χ2=1.66, df=1, p=0.200 for Title-I status, and χ2=6.66, df=4, p=0.160 for 
locale). The largest group of teachers resided in the South, followed by the Northeast and the Mid-
West, with no teachers from the West.3 The teachers came primarily from the original eight partner 
states of the efe initiative, none of which were Western states. There was no statistically significant 
difference between the proportion of teachers in the treatment and control groups from each region 
(χ2=3.66, df=4, p=0.450).

Eighty-seven percent of students reported having a computer in their home. Seventy-three per-
cent of the students reported using the computer generally a couple of times a week, 16% a couple 
of times a month and 8% a couple of times a year. There was no statistically significant difference 
between the percentages of students in the treatment and control group that had a computer in the 
home (χ2=1.74, df=1, p=0.190) or between the categories of responses representing the frequency 
of computer use (χ2=4.56, df=2, p=0.100). In regards to computer use at school, 70% of the students 
reported using the computer generally a couple of times a week, 21% a couple of times a month and 
8% a couple of times a year. A slightly larger, but statistically significant, percent of students in the 
control group reported using the computer at school a couple of times a week compared to the treat-
ment group (68% and 63%, respectively; χ2=6.95, df=2, p<0.05).

Instrumentation—Teachers

The teacher data collection instruments were designed to measure the potential effects of the 
primary goals of the OPD workshops. These goals fell into three broad areas: vocabulary, read-
ing comprehension, and writing. Within each area, the researchers developed a survey designed to 
measure teachers’ knowledge and frequency of instructional practices, in relation to the goals of the 
workshop. Each survey was developed independently and reviewed by the workshop developers at 
EDC for accuracy of content. Table 3 (next page) shows the number of items on each scale, the reli-
abilities of the scales, and one sample survey item from each category. Reliability is a measure of the 
proportion of the variability in the observed score that is due to the true score variance. Values range 
from 0 to 1 and, for this research, it was estimated using Cronbach’s Alpha. It is desirable to have an 
alpha of at least 0.70. All of the scales showed high reliability for the pre- and post-test administra-
tions, except for writing knowledge, which showed lower then optimal reliability; 0.51 and 0.50 for 
the pre- and post-test, respectively.
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Table 3: Number of Items and Sample Teacher Survey Items

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Vocabulary 
Knowledge 8 Pre-test: .82 

Post-test: .86

For the following passage, identify 
two Tier 2 and two Tier 3 words. 
Explain why you chose these words.

Reading  
Comprehension 
Knowledge

7 Pre-test: .66 
Post-test: .72

List the seven comprehension  
strategies that improve students’ 
comprehension. Choose one of  
the seven comprehension strategies. 
Explain what the strategy is, how  
it helps comprehension, and when  
to use it.

Writing  
Knowledge 6 Pre-test: .51 

Post-test: .50

List the stages of the writing  
process. Select one of the stages  
of the writing process listed above 
and explain what is involved in this 
stage.

Overall ELA 
Knowledge 21 Pre-test: .81 

Post-test: .83

Vocabulary 
Practices 16 Pre-test: .89 

Post-test: .90

When reading in the classroom, my 
students and I discuss vocabulary 
words in small groups. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Reading  
Comprehension 
Practices

16 Pre-test: .88 
Post-test: .88

When teaching reading  
comprehension for narrative texts, 
I help students relate the story to 
their own personal experiences. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Writing 
Practices 14 Pre-test: .91 

Post-test: .92

I teach my students how to select  
a structure or organization that will 
match a writing prompt.  
a. Always           b. Frequently  
c. Sometimes    d. Rarely

The knowledge items were designed to measure content knowledge specific to each OPD work-
shop. The vocabulary workshop focused on knowledge related to breadth and depth of students’ 
vocabulary comprehension, specifically on the identification of Tier 2 and Tier 3 vocabulary words 
(Beck, McKeown, & Kucan, 2002). The reading comprehension workshop focused on knowledge 
related to research-based reading comprehension strategies (Texas Reading Initiative, 2000). The 
writing workshop focused on knowledge related to the traits of good writing and the writing process 
(Peha, 2002a; 200b).
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Knowledge items were both closed and open-response. For open-response knowledge items, 
scoring criteria were created by the workshop developers at EDC. For the knowledge items, skipped 
items were scored as zero, and each item was weighted such that it had a maximum score of one. 
Four knowledge scores were then calculated for each participant (one score for each subject area 
and one overall score). The knowledge scores were calculated by summing the scores of all items 
that form the scale and dividing by the total number of items for that scale.

Practice items were designed to measure the self-reported frequency of desirable instructional 
practices, as defined by each OPD workshop. The vocabulary workshop focused on practices related 
to creating word-conscious learning environments; encouraging motivation and interest in learning 
new words; modeling and encouraging independent word-learning strategies; and instructing stu-
dents to infer meanings of words from context and word parts. The reading comprehension work-
shop focused on practices related to helping students develop concrete strategies for constructing 
meaning from narrative and expository text. The writing workshop focused on practices related to 
teaching students to write narrative and informational text, and on evaluating student writing.

All practice items were closed-response items and used a 4-point Likert scale. For these items, 
missing data was imputed using a stochastic linear regression model; 0.94% of all practice item data 
was missing. Three practice scores were calculated for each participant (one for each subject area) 
by taking the mean of all practice items.

Instrumentation—Students 

The student data collection instruments were designed to measure changes in students’ knowl-
edge in vocabulary, reading comprehension, and writing, and their practices in reading comprehen-
sion and writing. Specifically, the instruments were designed to measure areas of knowledge and 
practice that might be affected by changes in teachers’ knowledge and instructional practices that 
would result from participation in the OPD workshops. The student pre- and post-tests were devel-
oped independently from the series of three OPD workshops, but were reviewed by the workshop 
developers at EDC for accuracy and appropriateness of content. Table 4 (next page) shows the num-
ber of items on each scale and the reliabilities of the scales. Again, reliability was estimated using 
Cronbach’s Alpha. Most instruments had acceptable levels of reliability, except for the vocabulary 
practice instrument, which showed very low reliability (0.27 and 0.32 for the pre- and post-tests, re-
spectively). Due to the unacceptably low reliability of this scale, this report does not present results 
for vocabulary practices. 
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Table 4: Number of Student Items and Reliability

Subject
Items on Pre- 
and Post-Tests

Pre-Test  
Reliability

Post-Test 
Reliability

Knowledge Scores:

     Vocabulary 10 0.71 0.74

     Reading Comprehension 10 0.66 0.73

     Writing 9 0.59 0.60

     Overall ELA 29 0.83 0.85

Practice Scores:

     Vocabulary 6 0.27 0.32

     Reading Comprehension 10 0.74 0.77

     Writing 10 0.73 0.75

For all three subjects, the student content knowledge items were based on released state and 
national standardized test items. Each item was coded as 1 or 0, indicating correct or incorrect. Four 
content knowledge scores were calculated for each student participant (one for each subject area 
and one overall ELA score) by taking the number of correct items and dividing by the total number 
of items; for ease of interpretation, the means are presented as percentages. Practice items were 
designed to measure the self-reported frequency of desirable practices, specifically those practices 
deemed as beneficial, research-based practices that teachers would encourage after completing the 
series of three OPD workshops. All practice items used a 3-point Likert scale. Three practice scores 
were calculated for each student participant (one for each subject area) by taking the mean of all 
practice items.

Based on the goals of the teachers’ vocabulary workshop (described above), changes in teach-
ers’ knowledge and instructional practices were intended to lead to changes in students’ vocabulary 
knowledge as described by four student outcomes: 1) use new vocabulary words in context; 2) un-
derstand how the same word operates in multiple contexts; 3) infer word meaning from morphemes 
(roots, prefixes, and suffixes); and 4) create words from morphemes. Two sample student items 
targeting vocabulary knowledge are listed in Table 5. 

To evaluate students’ reading comprehension knowledge, students were presented with two 
passages (one narrative passage and one expository passage). Students then answered five items 
about each passage. Based on the goals of the teachers’ reading comprehension workshop, the items 
focused on three outcomes: 1) draw on schema (prior knowledge and experience) to make connec-
tions with the text; 2) look for evidence in the text and identify story elements (characters, major 
events, conflict and resolution, etc.); and 3) begin to identify common organizational structures 
used in expository text and search for signal words (included with expository passage only). For 
the second outcome, there were two types of items used, based on Question/Answer relationships 
(Raphael, 1982): right there items, which asked students to look for a single sentence or piece of 
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information in the text, and think and search items, the answer to which required multiple ideas 
contained in different sentences or paragraphs. Again, two sample student items targeting reading 
comprehension knowledge are listed in Table 5. 

Based on the goals of the teachers’ writing workshop (described above), the students’ writing 
knowledge items focused on four outcomes: 1) know the common structures and elements of nar-
rative text; 2) know the common structures of expository text; 3) pre-write for a narrative prompt 
using graphic organizers; and 4) pre-write for an expository prompt using graphic organizers. Two 
sample student items targeting writing are listed in Table 5. 

Table 5: Sample Student Content Knowledge Items

Subject Sample Items

Vocabulary Knowledge

1. Read this sentence:
   When Sarah was sick, her voice was almost inaudible.  

  We couldn’t hear what she was trying to say.
 What does inaudible mean?
   a. very loud, easy to hear
   b. very strange, uncommon
   c. very shy, introverted
   d. very soft, hard to hear
2. Adding re to the word seal makes a word that means:
   a. seal before
   b. always seal
   c. not seal
   d. seal again

Reading Comprehension 
Knowledge

1. How does the grain of wheat keep its promise to the ant?
   a. Another ant found the grain of wheat.
   b. The grain of what performed a miracle.
   c. The grain of wheat grew into a plant with  

   many seeds.
   d. The grain of wheat hid beneath the soil.
2. In which paragraph does the author try hardest to  

persuade the reader to become an inventor?
   a. Paragraph 1
   b. Paragraph 3
   c. Paragraph 4
   d. Paragraph 5

Writing Knowledge

1. Read the following writing prompt.
   Imagine that you are alone on a beach at night.  

  Suddenly, you see lights far out on the ocean.  
  What happens to you?

 After reading the above writing prompt, which of the  
following would you plan to do?

   a. Compare and contrast things
   b. Classify things into groups
   c. Tell a story
   d. List facts about beaches and oceans
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The reading comprehension practice items focused on six outcomes: 1) actively preview text 
and set a purpose before reading; 2) draw on schema (prior knowledge and experience) to make 
connections with the text; 3) practice applying comprehension strategies to own reading; 4) make 
predictions about what is going to happen; 5) use prior knowledge as well as information from the 
text to draw inferences about the questions; and 6) practice analyzing types of questions for ques-
tion/answer relationship (know where to find the answers to the questions). The writing practice 
items focused on one student outcome: write and revise with the six traits of good writing in mind. 
Table 6 shows sample practice items for each subject. 

Table 6: Sample Student Practice Items

Subject Sample Items

Reading Comprehension 
Practices

1. Before reading a passage, I skim for headings, bold 
words, words in italics, and pictures.

   a. Almost always
   b. Sometimes
   c. Rarely/never
2. Before answering a question about a passage, I think 

about where the answer might be located.
   a. Almost always
   b. Sometimes
   c. Rarely/never

Writing Practices

1. When you write, how often do you choose a topic that is 
important to you?

   a. Almost always
   b. Sometimes
   c. Rarely/never
2. When you write, how often do you try to use correct 

grammar, spelling, and punctuation?
   a. Almost always
   b. Sometimes
   c. Rarely/never

Results

This section presents the results of the analyses conducted to examine the effects of teachers’ 
participation in the series of three OPD workshops on teachers’ knowledge and instructional prac-
tices and on students’ knowledge and practices when compared to control conditions. For teachers, 
the change in the average scores is presented for the treatment and control groups, along with an im-
pact model to examine whether group membership was a significant predictor of teachers’ post-test 
knowledge and practice scores after controlling for their pre-test scores. Effect sizes are also present-
ed. For students, the change in the average score is presented for the treatment and control groups, 
along with the effect size differences. Finally, the results of hierarchical linear models are presented 
that demonstrate whether teachers’ group membership was a significant predictor of students’ post-
test scores after controlling for pre-test scores. By accounting for the clustering of students within 
teachers, the hierarchical linear models allowed us to estimate the impact of teachers’ assignment to 
the treatment or control conditions on their students’ content knowledge and practice scores.
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Teachers’ Content Knowledge

Table 7 shows the average percent correct and standard deviations for the three knowledge 
scales for the treatment and control groups on the pre- and post-surveys, as well as one overall 
knowledge score across all three subjects. For all three subjects individually, and for the overall 
ELA score, despite random assignment of the teachers, the treatment group’s average pre-test scores 
were higher than the control group’s pre-test scores. However, these differences were not statistically 
significant. For most subjects, the post-test scores for the treatment and control group were higher 
than the respective pre-test scores. For the vocabulary and writing knowledge scales, the scores of 
the control group decreased from pre to post. The mean differences presented in Table 7 show that 
the average change in the treatment group was larger than the average change in the control group. 
Based on the pre-to-post-test effect size, the standardized gains for the treatment group were larger 
than the standardized gains for the control group, with the largest standardized gains occurring for 
the treatment group teachers in the reading comprehension and writing domains (0.66 and 0.67 
standard deviations, respectively). 

Table 7: Summary Statistics of Teacher Knowledge Scales

Subject Group†
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary 
Knowledge

Treatment 16% 
(SD=0.17)

22% 
(SD=0.21) 6% 0.23

Control 14% 
(SD=0.17)

14% 
(SD=0.17) 0% –0.01

Reading  
Comprehension 
Knowledge

Treatment 47% 
(SD=0.21)

65% 
(SD=0.18) 18% 0.66

Control 46% 
(SD=0.22)

49% 
(SD=0.22) 3% 0.09

Writing  
Knowledge

Treatment 49% 
(SD=0.18)

65% 
(SD=0.16) 16% 0.67

Control 49% 
(SD=0.19)

47% 
(SD=0.17) –2% –0.08

Overall ELA 
Knowledge

Treatment 37% 
(SD=0.18)

52% 
(SD=0.16) 14% 0.60

Control 36% 
(SD=0.18)

38% 
(SD=0.19) 2% 0.07

† NT=49 and NC=61

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation= 2 +PRESD 2

POSTSD
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While the scores of the treatment group increased more than the scores of the control group, 
it is important to account for differences in pre-scores when estimating the effect of the treatment. 
To this end, a one-way analysis of covariance (ANCOVA) was conducted with group membership 
(treatment or control) as the independent variable, post-survey scores as the dependent variable, 
and pre-survey scores as the covariate.4

Prior to inclusion in the analysis, teachers’ pre-test scores were adjusted for measurement er-
ror or unreliability (see the Cronbach’s alpha estimates for the teacher scales in Table 3). While 
measurement error in the pre-test and/or post-test may reduce the precision of the estimate of the 
treatment effect; measurement error in the pre-test in particular may also introduce a bias when 
estimating the regression slope and in turn produce a biased estimate of the treatment effect (Shad-
ish, Cook, & Campbell, 2002). By correcting for unreliability in the pre-test measure, the parameter 
estimate in the ANCOVA model was likely to be an unbiased estimate of the population parameter 
for the treatment effect.5

Tables 8–11 show the results of the ANCOVA models. Table 8 shows that after controlling for 
pre-test scores, the average vocabulary knowledge post-test scores for the teachers in the treatment 
group were statistically significantly higher than the average post-test scores for the teachers in the 
control group (b=0.07, df = 1,107, p<=0.043). Similarly, Tables 9–11 (next page) show that the treat-
ment effects for reading comprehension, writing, and overall ELA knowledge were each statisti-
cally significant (b=0.16, df=1,107, p<.001; b=0.18, df=1,107, p<.001; and b= 0.13, df=1,107, p<.001,  
respectively). 

Effect sizes for the ANCOVAs are reported as partial eta-squared statistics (     ) in Tables 8–11. 
The value of      represents the proportion of total variation in the dependent variable that is at-
tributable to membership in the treatment or control condition, after controlling for pre-test scores 
(covariate). The guidelines defined by Keppel and Wickens (2004) state that         values ranging from 
0.01 to 0.05 represent small effects, 0.06-0.14 represent medium effects, and       values greater than 
0.14 represent large effects. According to these guidelines, the OPD had large effects on teachers’ 
reading comprehension knowledge scores (     = 0.172), writing knowledge scores (     = 0.248), and 
overall ELA knowledge scores (     = 0.170). The effect was small for teachers’ vocabulary knowledge 
scores (     = 0.038). 

Table 8: ANCOVA Results for Vocabulary Knowledge Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 18.853 0.146 (.03) 4.502 <.001 .150

Covariate— 
Vocabulary  
Pre-Survey Score

13.52 0.459 (.13) 3.677 <.001 .112

Treatment (1) v. 
Control (0) 4.20 0.07 (.04) –2.049 .043 .038

ηp
2

ηp
2

ηp
2

ηp
2

ηp
2
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2
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2
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Table 9: ANCOVA Results for Reading Comprehension Knowledge 
Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 9.98 0.26 (.06) 4.259 <.001 .085

Covariate— 
Reading  
Comprehension 
Pre-Survey Score

51.41 0.84 (.12) 7.170 <.001 .325

Treatment (1) v. 
Control (0) 22.28 0.16 (.03) 4.720 <.001 .172

Table 10: ANCOVA Results for Writing Knowledge Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 8.84 0.33 (.08) 4.002 <.001 .076

Covariate— 
Writing  
Pre-Survey Score

15.56 0.65 (.16) 3.945 <.001 .127

Treatment (1) v. 
Control (0) 35.22 0.18 (.03) 5.935 <.001 .248

Table 11: ANCOVA Results for Overall ELA Knowledge Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 25.64 0.26 (.04) 6.195 <.001 .193

Covariate— 
Overall ELA  
Pre-test Score

54.28 0.70 (.10) 7.368 <.001 .337

Treatment (1) v. 
Control (0) 21.91 0.13 (.03) 4.681 <.001 .170

Teachers’ Instructional Practices

Table 12 (next page) shows the means and standard deviations of the three practice scales for 
treatment and control group teachers on the pre- and post-survey. In vocabulary and writing, the 
treatment group’s average pre-test scores were higher than the control group’s pre-test scores. In 
reading comprehension, the control group’s average pre-test scores were higher than the treatment 
group’s pre-test scores. There were no statistically significant differences, however, between the treat-
ment and control group teachers’ pre-test scores for any of the three subjects. For each subject, both 
the treatment and control group’s post-test scores were higher than the pre-test scores. Based again 
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on the pre-to-post-test effect size, the standardized gains for the treatment group were larger than 
the standardized gains for the control group, with the largest gains occurring in the writing domain. 
Similar to the writing knowledge domain, the pre-to-post effect size gain for writing practice for the 
treatment group was 0.66 standard deviations. 

Table 12: Summary Statistics of Teacher Practice Scales 

Subject Group†

Mean  
Pre-Test 
Score‡

Mean 
Post-Test 

Score‡

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary  
Practices

Treatment 2.81 
(SD=0.47)

3.16 
(SD=0.45) 0.35 0.54

Control 2.76 
(SD=0.51)

2.81 
(SD=0.52) 0.05 0.07

Reading  
Comprehension 
Practices

Treatment 3.11 
(SD=0.42)

3.36 
(SD=0.34) 0.25 0.46

Control 3.15 
(SD=0.50)

3.21 
(SD=0.44) 0.06 0.09

Writing Practices
Treatment 2.89 

(SD=0.54)
3.32 

(SD=0.37) 0.43 0.66

Control 2.76 
(SD=0.72)

2.89 
(SD=0.72) 0.13 0.13

† NT=49 and NC=61

‡ min=1, max=4

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

Similar to the approach taken with the knowledge scores, to determine whether the practice 
scores of the treatment group increased more than the practice scores of the control group, a one-way 
analysis of covariance (ANCOVA) was conducted with group membership (treatment or control) 
as the independent variable, post-survey scores as the dependent variable, and pre-survey scores as 
the covariate.4 The pre-test scores were again adjusted for measurement error or unreliability using 
the same process used for the knowledge scores. Tables 13–15 (next page) show the results. Table 
13 shows that after controlling for pre-test scores, the vocabulary practice scores for the treatment 
group were significantly higher than the average for the control group (b=0.31, df=1,107, p<0.001). 
Similarly, Tables 14 and 15 show that for reading comprehension and writing practice scores, the 
difference between the post-test means for the teachers in the treatment and control groups were 
each statistically significant (b=0.18, df=1,107, p<0.01 and b=0.34, df=1,107, p<0.001, respectively). 

2 +PRESD 2
POSTSD
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Using the same guidelines as described for the knowledge scores, the OPD had large effects on 
teachers’ vocabulary practice scores (     = 0.150) and teachers’ writing practice scores (    = 0.142). 
The effect of the OPD on teachers’ reading comprehension practice scores was in the medium range 
(    = 0.068). 

Table 13: ANCOVA Results for Vocabulary Practices Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 16.82 1.08 (.23) 4.669 <.001 .136

Covariate— 
Vocabulary  
Pre-Survey Score

84.81 0.74 (.08) 9.209 <.001 .442

Treatment (1) v. 
Control (0) 18.82 0.31 (.07) 4.337 <.001 .150

Table 14: ANCOVA Results for Reading Comprehension Practices Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 49.60 1.66 (.25) 6.71 <.001 .275

Covariate— 
Reading  
Comprehension 
Pre-Survey Score

48.36 0.56 (.08) 6.95 <.001 .311

Treatment (1) v. 
Control (0) 7.78 0.18 (.06) 2.79 <.01 .068

Table 15: ANCOVA Results for Writing Practices Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 5.35 1.26 (.20) 6.17 <.001 .226

Covariate— 
Writing  
Pre-Survey Score

111.55 0.71 (.07) 10.56 <.001 .510

Treatment (1) v. 
Control (0) 17.71 0.34 (.08) 4.21 <.001 .142

Students’ Content Knowledge 

Table 16 (next page) shows the average percentage correct and standard deviations for the three 
knowledge scales for the students of the teachers in the treatment and control groups on the pre- 
and post-tests, as well as the overall knowledge score which comprises all three subjects. For each 

ηp
2

ηp
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subject individually, and for the overall ELA score, despite random assignment of the teachers, the 
average pre-test scores for the students in the treatment group were higher than the pre-test scores 
for the students in the control group. However, these differences were not statistically significant. 
For each subject, the post-test scores for the students in the treatment and control groups were 
higher than those on the pre-test. The mean differences presented in Table 16 show that the average 
change in the treatment group was larger than the average change in the control group. As measured 
by the pre-to-post-test effect size, the standardized gains for the students in the treatment group 
were larger than the standardized gains for the students in the control group. 

Table 16: Summary Statistics of Student Content Knowledge Scales

Subject
Total 

Points Group†

Mean  
Pre-Test 

Score

Mean 
Post-Test 

Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary 
Knowledge 10

Treatment 64% 
(SD=0.25)

73% 
(SD=0.23) 8% 0.25

Control 64% 
(SD=0.24)

70% 
(SD=0.25) 6% 0.16

Reading  
Comprehension 
Knowledge

10
Treatment 51% 

(SD=0.25)
58% 

(SD=0.26) 7% 0.20

Control 50% 
(SD=0.24)

54% 
(SD=0.25) 4% 0.12

Writing  
Knowledge 9

Treatment 47% 
(SD=0.22)

60% 
(SD=0.23) 13% 0.41

Control 46% 
(SD=0.23)

56% 
(SD=0.22) 11% 0.33

Overall ELA 
Knowledge 29

Treatment 54% 
(SD=0.20)

63% 
(SD=0.20) 9% 0.33

Control 53% 
(SD=0.20)

60% 
(SD=0.21) 7% 0.24

† NT=766 and NC=922

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation= 2 +PRESD 2

POSTSD
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Table 17 shows the effect sizes for the three content knowledge scales and the overall ELA 
knowledge scale, calculated as the difference between the adjusted means for the post-test divided 
by the pooled standard deviation. According to the commonly accepted ranges for effect sizes (less 
than 0.2 standard deviations represents no effect, 0.2–0.3 standard deviations is a small effect, 0.3–
0.5 standard deviations is a medium effect, 0.5 standard deviations and higher is a large effect), the 
OPD had no measurable effect on vocabulary knowledge (0.09), reading comprehension knowledge 
(0.08), writing knowledge (0.09), and the overall ELA knowledge score (0.10). 

Table 17: Effect Size Changes in Students’ Knowledge Scores

Knowledge in 
Subject Group†

Post-test  
Adjusted 

Means St. Dev.

Difference between 
Post-test  

Adjusted Means Effect Size*

Vocabulary 
Knowledge

Treatment 0.73 0.23
0.03 0.09

Control 0.70 0.25

Reading  
Comprehension 
Knowledge

Treatment 0.58 0.25
0.03 0.08

Control 0.55 0.26

Writing  
Knowledge

Treatment 0.59 0.23
0.03 0.09

Control 0.57 0.22

Overall ELA 
Knowledge

Treatment 0.63 0.20
0.03 0.10

Control 0.60 0.21

† NT=766 and NC=922

* The treatment-control group effect size difference between adjusted means was calculated by dividing the  
mean difference by the pooled standard deviation of post-test adjusted means. The pooled standard  
deviation=

Students’ Practices

Table 18 (next page) shows the means and standard deviations of the two practice scales for 
the students in the treatment and control groups on the pre- and post-surveys. For both reading 
comprehension and writing, the treatment group students’ average pre-scores were higher than the 
control group students’ pre-test scores. There was no statistically significant differences, however, 
between the treatment and control group’s pre-scores for either subject. For each subject, both the 
treatment and control group students’ post-scores were higher than the pre-scores. Based on the 
pre-to-post-test effect size, the standardized gains for the treatment group were larger than the stan-
dardized gains for the control group, although the gains were small for each subject. 

2 +POST,TreatmentSD 2
POST,ControlSD
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Table 18: Summary Statistics of Students’ Practice Scales

Subject Group6

Mean  
Pre-Test 
Score†

Mean 
Post-Test 

Score†

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Reading  
Comprehension 
Practices

Treatment 
(N=756)

2.13 
(SD=0.39)

2.20 
(SD=0.41) 0.07 0.12

Control 
(N=915)

2.11 
(SD=0.40)

2.16 
(SD=0.40) 0.05 0.08

Writing  
Practices

Treatment 
(N=741)

2.35 
(SD=0.36)

2.43 
(SD=0.36) 0.08 0.16

Control
(N=899)

2.33 
(SD=0.37)

2.38 
(SD=0.37) 0.05 0.10

† min=1, max=3

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

Table 19 shows the effect sizes for the two practice scales, calculated as the difference between 
the adjusted means divided by the pooled standard deviation. Using the same ranges described for 
the knowledge scales, after controlling for pre-test differences, the OPD treatment had no measur-
able effect on students’ practice scores for reading comprehension (0.06), or writing (0.09). 

Table 19: Effect Sizes for Changes in Practice Scales

Subject Group

Post-test  
Adjusted 

Mean St. Dev.

Difference 
between Post-
Test Adjusted 

Means Effect Size*

Reading  
Comprehension

Treatment 
(N=756) 2.20 0.41

0.04 0.06
Control 
(N=915) 2.16 0.40

Writing 

Treatment 
(N=741) 2.43 0.36

0.04 0.09
Control
(N=899) 2.39 0.37

* The treatment-control group effect size difference between adjusted means was calculated by dividing  
the mean difference by the pooled standard deviation of post-test adjusted means. The pooled standard  
deviation=

Multilevel regression models were applied to estimate the treatment effects; that is, the impact 
of teacher assignment to the treatment or control group on student achievement. This type of analy-
sis was used to account for the nesting of the students within randomly assigned teachers. A model 
was formulated for each of the post-test knowledge and practice scales to estimate the treatment ef-

2 +POST,TreatmentSD 2
POST,ControlSD
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fects. For each outcome, post-test scores were modeled as a function of the students’ pre-test scores 
(level-1) and as a function of teachers’ group membership (level-2). As with the teacher analyses, 
prior to inclusion in the two-level model, students’ pre-test scores were adjusted for measurement 
error or unreliability (see the Cronbach’s alpha estimates for the student scales in Table 4). The re-
sults for the models predicting students’ post-test knowledge and practice scores are presented in 
Table 20 and Table 21, respectively. 

The results of the unconditional models in Table 20 (next page) and Table 21 (page 27) indicate 
that there is a significant amount of variation between teachers in students’ post-test knowledge 
and practice scores. For students’ post-test knowledge scores, the intra-class correlation coefficients 
(ICCs) ranged from 0.14 for the writing post-test scores to 0.23 for the overall ELA post-test scores. 
This indicates that between 14% and 23% of the total variability on the post-test scores could be at-
tributed to between-teacher differences. For the practice post-test scores, the ICCs range from 0.07 
to 0.10 and each were statistically significant. These non-zero ICCs, in combination with the modest 
sample size, support the need for the use of hierarchical linear regression models to estimate the 
treatment effects on student outcomes. 

Table 20 (next page) presents the results of the analyses for the content knowledge scales and the 
overall ELA scores. The results show statistically significant positive coefficients associated with the 
teachers’ membership group for the vocabulary and overall ELA knowledge scores (b=0.036, t=2.19, 
df=106, p<0.05 and b=0.030, t=2.40, df=106, p<0.05, respectively). The coefficients indicate that  
after controlling for students’ pre-test knowledge scores in the same domain, students in the treat-
ment group were predicted to have statistically significant higher vocabulary and overall ELA 
scores than students in the control group. The coefficients representing the comparisons between 
treatment and control groups for the reading comprehension and writing post-test scores were not  
statistically significant different from zero after controlling for the pre-test measures. 

Table 21 (page 27) presents the results of the analyses for the practice scales. The results show 
statistically significant positive coefficients associated with the teachers’ membership group for stu-
dents’ writing practice scores (b=0.049, t=2.73, df=106, p<0.05). The coefficients indicate that after 
controlling for students’ pre-test practice scores, students in the treatment group were predicted to 
have statistically significant higher post-test writing scores than students in the control group. The 
coefficients representing the comparisons between treatment and control groups for the reading 
comprehension post-test scores were not statistically significant different from zero after controlling 
for the pre-test measures. 



inTASC REPORT: e-Learning for Educators: Findings, June 2010
27

Table 20: Multilevel Models for Predicting Students’ Knowledge  
Post-test-Scores

Vocabulary
Reading

Comprehension Writing Overall ELA

UNCONDITIONAL MODEL

Fixed 
Components

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

0.713 0.01 <.001 0.565 0.01 <.001 0.579 0.01 <.001 0.620 0.01 <.001

Random 
Components

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

0.047 0.011 0.19 0.055 0.012 0.17 0.042 0.007 0.14 0.032 0.009 .23

CONDITIONAL MODEL

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

Intercept 0.694 0.01 <.001 0.547 0.01 <.001 0.567 0.01 <.001 0.603 0.01 <.001

Student Measures

Pre-test 
Scores 0.750 0.03 0.010 0.797 0.03 <.001 0.742 0.04 <.001 0.870 0.02 <.001

Teacher Measures

Group 
(0=Cont, 
1=Treat)

0.036 0.01 0.014 0.032 0.02 0.068 0.024 0.015 0.115 0.030 0.01 0.013

RANDOM COMPONENTS

Residual Variance Residual Variance Residual Variance Residual Variance

W/in 
Schools 0.034

p<.001

0.042

p<.001

0.036

p<.001

.016

p<.001Betw. 
Schools 0.003 0.006 0.003 .003

Total  
Residual 0.037 0.048 0.039 .019

Total 
Variance 
Explained

35.22% 28.46% 21.58% 53.88%
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Table 21:  Multilevel Models for Predicting Students’ Practice  
Post-test-Scores

Reading
Comprehension Writing

UNCONDITIONAL MODEL

Fixed 
Components

Coeff. s.e. sig. Coeff. s.e. sig.

2.172 0.02 <.001 2.403 0.01 <.001

Random 
Components

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

0.152 0.013 0.09 0.127 0.009 0.07

CONDITIONAL MODEL

Coeff. s.e. sig. Coeff. s.e. sig.

Intercept 2.162 0.02 <.001 2.382 0.02 <.001

Student Measures

Pre-test 
Scores 0.429 0.05 <.001 0.266 0.02 <.001

Teacher Measures

Group 
(0=Cont, 
1=Treat)

0.031 0.03 0.237 0.049 0.02 0.042

RANDOM COMPONENTS

Residual Variance Residual Variance

W/in 
Schools 0.137

p<.001

0.116

p<.001Betw. 
Schools 0.008 0.008

Total  
Residual 0.145 0.124

Total 
Variance 
Explained

12.12% 8.82%

Summary of Fourth Grade ELA Findings

In summary, the fourth grade ELA trial provides evidence that a series of OPD courses that 
focus on teachers’ knowledge and instructional practices that target the development of student 
vocabulary knowledge, writing skills, and reading comprehension had positive effects on teachers 
and their students. Specifically, analyses indicate that teachers in the treatment group had, on aver-
age, higher scores on the measures of instructional practices for writing, vocabulary, and reading 
comprehension than the teachers in the control group. The size of the effects was large for writing 
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and vocabulary, and medium for reading comprehension. Analyses also indicate that teachers in 
the control group had higher scores on the measures of content knowledge for writing, vocabu-
lary, reading comprehension, and overall ELA than the teachers in the control group. These effects 
were large for teachers’ reading comprehension scores, writing knowledge scores, and overall ELA 
knowledge scores, and small for vocabulary knowledge scores. Analysis of student data indicates 
that there were changes in student practices related to both reading comprehension and writing for 
students whose teachers were assigned to the treatment group and participated in the OPD courses. 
These differences, however, were relatively small and were statistically significant for writing, but 
not reading comprehension. Larger changes in student knowledge scores were also found for stu-
dents whose teachers were assigned to the treatment group. Again, these differences were small, and 
were statistically significant for the overall ELA score and vocabulary, but not for reading compre-
hension and writing. 
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Seventh Grade ELA Trial
Figure 2 lists the goals of the three seventh grade ELA workshops.

Figure 2:  Seventh Grade ELA Workshop Goals

workshop:  Best Practices for Vocabulary Instruction in the Middle School Classroom

Deepen understanding of vocabulary development. •	
Deepen understanding of levels of vocabulary knowledge.•	
Assess students’ levels of vocabulary knowledge.•	
Select appropriate words from text for instruction purposes.•	
Plan and implement strategies for direct instruction of vocabulary words.•	
Evaluate Web sites designed for vocabulary building.•	
Analyze the ways in which technology can be used to foster students’ vocabulary development.•	

workshop:  Promoting Reading Comprehension Skills in the Middle School Classroom 

Deepen understanding of the middle school students’ reading development and effective literacy in-•	
struction in grades 6–8.
Deepen understanding of strategies students use to comprehend text.•	
Assess students’ use of specific comprehension strategies.•	
Identify effective methods for teaching students comprehension strategies.•	
Deepen understanding of the demands of diverse genres.•	
Develop lesson plans for strategy-based instruction and for comprehending expository text.•	
Deepen understanding of the demands of online text.•	
Analyze the ways in which technology can be used to foster students’ reading comprehension.•	

workshop:  Teaching Writing in the Middle School Classroom 

Understand the classroom implications of several NCTE standards pertinent to middle school writing.•	
Explore new ways to motivate students and teachers to write.•	
Familiarize teachers with two common middle school essay styles—informative and persuasive—and •	
learn new ways of teaching.
Examine own writing processes.•	
Revisit the writing workshop, including pre-, during-, and post-writing, through the lens of  •	
motivational strategies.
Utilize technology writing resources when appropriate.•	
Discover evaluation techniques that will promote writing as a continual process. •	

Sample

Table 22 (next page) displays the number of teachers who were recruited for the seventh grade 
ELA study and the groups to which these teachers were assigned. A total of 208 teachers were re-
cruited for the study. During the course of the study, 123 teachers resigned from participation (59% 
of the recruited sample). Some of these teachers resigned because they were no longer eligible to 
participate in the study for reasons such as leaving the teaching profession or changing grade lev-
els between the two academic years of the study (29 teachers, 14% of the recruited sample). Other 
teachers did not complete one or more study requirement, had personal conflicts, or became un-
communicative and thus provided no reason for dropping out (94 teachers, 45% of the recruited 
sample). In five cases, two teachers from a single school volunteered to participate in the research 
study. To avoid confounding school-wide effects with the potential effects of the OPD courses, the 
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data from one of those teachers was randomly selected for inclusion in the study, and the data from 
the remaining teacher was discarded, resulting in the removal of data from five teachers (2% of the 
recruited sample). Thus, there were data from 80 eligible teachers that completed all requirements 
(38% of the recruited sample). The analysis in this paper is based on these 80 teachers: 35 treatment 
group teachers and 45 control group teachers.

Table 22: Number of Teacher Participants

Control 
Group

Treatment 
Group

Total Number 
of Teachers

Teachers Recruited 85 123 208

Teachers Excluded from Analysis for  
Ineligibility 11 18 29

Teachers Excluded for Incompletion 25 69 94

Teachers that Completed all  
Requirements but were Excluded  
for being from Multi-Teacher Schools

4 1 5

Final Sample 45 35 80

Table 23 (next page) shows the number of student participants. Eligible students (23a) are de-
fined as students of the 85 teachers who completed all research study requirements. From this group 
of 3,088 students, the data from 1,032 students was discarded from the analysis for several reasons. 
First, if a teacher was randomly excluded because there were multiple teacher participants at the 
same school, the student data of that teacher was also discarded. The number of students whose data 
was excluded for this reason is displayed in Table 23b. Second, data from students who reported 
they were not in seventh grade were discarded. Additionally, if a student did not report their grade, 
and the grade could not be independently confirmed with his or her teacher, the student’s data was 
discarded (23c). Third, data from students who did not complete at least 50% of each of the six 
administered instruments (vocabulary, reading comprehension, and writing pre- and post-tests) 
was discarded (23d). After removing data for these reasons, 1,225 students remained in the control 
group and 831 students remained in the treatment group (23e). The analysis in this paper is based 
on these 2,056 students: 831 in the treatment group and 1,225 in the control group.
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Table 23: Number of Student Participants

Control 
Group

Treatment 
Group

Total Number 
of Students

(a) Eligible students 1,904 1,184 3,088

(b) Students from multiple-
teacher schools 211 6 217

(c) Students not confirmed 
to be in seventh grade 12 59 71

(d)
Students that completed 
less than 50% of at least 
one instrument

456 288 744

(e) Final Student sample 1,225 831 2,056

Nearly all teachers (93%) self-identified as White, with a small percentage identifying as Black/
African American (4%). Zero teachers self-identified as Latino/Hispanic. Seventy-five percent of 
the students self-identified as White, 6% as Black/African American, 15% self-identified as another 
race (Asian, American Indian, Native Hawaiian, Other, or multiple selections), and 5% of the stu-
dents provided no race information. Almost 83% of the students self-identified as non-Hispanic/La-
tino and 5% as Hispanic/Latino; the remainder of the students provided no ethnicity information. 
There were no statistically significant differences between the percentage of teachers and students in 
each race/ethnicity category across the treatment and control groups (χ2=0.780, df=2, p=0.677 for 
teachers, and χ2=6.324, df=7, p=0.507) for students). Ninety-six percent of students reported that 
they spoke English as their first language. There was no statistically significant difference between 
the percentages of students that reported they spoke English as their first language in the treatment 
and control groups (χ2=2.614, df=1, p=0.106). 

Nearly all participating teachers were female (98%). Forty-nine percent of the participating stu-
dents were male; 51% were female. There was no statistically significant difference between the per-
centages of each gender for the teachers and students in the treatment and control groups (χ2=0.033, 
df=1, p=0.857 for teachers and χ2=0.283, df=1, p=0.595 for students). 

Ninety-nine percent of the participating teachers were certified in their state. Sixty-four per-
cent of participating teachers held Masters Degrees as their highest level of education, and 33% 
held Bachelor’s Degrees. There was no statistically significant difference between the certification 
(χ2=2.092, df=3, p=0.553) or highest education level (χ2=2.432, df=3, p=0.488) of the treatment and 
control groups. Approximately 68% of teachers in the treatment and control groups had been teach-
ing for six or more years; there was no statistically significant difference between the years of teach-
ing experience of the treatment and control groups (χ2=9.930, df=11, p=0.537).
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Almost half (49%) of the participating teachers taught in Title-I funded schools. There was no 
statistically significant difference between the percentage of treatment and control group teachers 
that taught in Title-I funded and non-Title-I funded schools (χ2=1.656, df=1, p=0.198). The larg-
est percentage of teachers (49%) taught in rural schools, followed by city schools (33%), and town 
schools (13%).2 There was no statistically significant difference between the percentages of treat-
ment and control group teachers in each type of school locales (χ2=5.617, df=3, p=0.132). The largest 
group of participating teachers came from the South (50%), followed by the Northeast (35%), and 
the Midwest (13%), with no teachers from the West.3 There was no statistically significant difference 
between the proportion of teachers in the treatment and control groups from each region (χ2=3.490, 
df=4, p=0.479).

Ninety-one percent of students reported having a computer in their home. Eighty-three per-
cent of the students reported using the computer generally a couple of times a week, 13% a couple 
of times a month and 4% a couple of times a year. There was no statistically significant difference 
between the percentages of students in the treatment and control group that had a computer in the 
home (χ2 =0.147, df=1, p=0.701) or between the categories of responses representing the frequency 
of computer use (χ2 =496, df=2, p=0.780). In regards to computer use at school, 40% of the students 
reported using the computer generally a couple of times a week, 50% a couple of times a month and 
10% a couple of times a year. There was no statistically significant difference between the treatment 
and control group students’ reported frequency of computer use (χ2=0.470, df=2, p=0.790).

Instrumentation—Teachers

The teacher data collection instruments were designed to measure the potential effects of the 
primary goals of the OPD workshops. These goals fell into three broad areas: vocabulary, read-
ing comprehension, and writing. Within each area, the researchers developed a survey to measure 
teachers’ knowledge and self-reported frequency of instructional practices, in relation to the goals 
of the workshop. Each survey was developed independently and reviewed by the workshop devel-
opers for accuracy of content. Table 24 shows the number of items on each scale, the reliabilities of 
the scales, and one sample survey item from each category.7 For this study, reliability was estimated 
using Cronbach’s Alpha; values range from 0 to 1. It is desirable to have an alpha of at least 0.70. 
As displayed in Table 24, most of the scales had adequate reliability. The reading comprehension 
knowledge scale and the vocabulary practice scale had lower than optimal reliabilities. The writing 
knowledge scale had extremely low reliability and so this report does not present results for that 
scale. Some individual well-fitting items from the writing knowledge scale were, however, included 
in the overall ELA knowledge scale.
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Table 24: Number of Teacher Items and Sample Teacher Survey Items 

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Vocabulary 
Knowledge 12 Pre-test: .70 

Post-test: .70

For the following passage, identify 
three Tier 2 words. Explain why you 
chose these words.

Reading  
Comprehension
Knowledge

5 Pre-test: .48 
Post-test: .49

List the major strategies that middle 
school readers use to comprehend 
text.

Writing 
Knowledge 4 Pre-test: .12 

Post-test: .21
List two different methods you can 
use to motivate students to write.

Overall ELA 
Knowledge 22 Pre-test: .73 

Post-test: .73

Vocabulary 
Practices 4 Pre-test: .47 

Post-test: .51

How often do you use direct in-
struction techniques (Vocabulary 
Cards, Word Biography, Illustrated 
Opposites, Biopoem, Word Map, 
Capsule Vocabulary, Contextual 
Redefinition)? 
a. Weekly      b. Monthly  
c. Yearly        d. Never

Reading  
Comprehension-
Practices

13 Pre-test: .87 
Post-test: .89

How often do you provide  
individual reading time? 
a. Weekly      b. Monthly  
c. Yearly        d. Never

Writing 
Practices 17 Pre-test: .84 

Post-test: .83

I use a defined protocol for  
assessing students’ writing. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

The knowledge items on the teacher instrument were designed to measure content knowledge 
specific to each OPD workshop. The vocabulary workshop focused on knowledge related to breadth 
and depth of students’ vocabulary comprehension, and on how to choose words for instruction, 
specifically identification of Tier 2 vocabulary words (Beck, McKeown, & Kucan, 2002). The reading 
comprehension workshop focused on knowledge related to promoting literacy and reading compre-
hension skills in middle school students, understanding the challenges presented by various types of 
text, and reading comprehension strategies (Moore, Bean, Birdyshaw, & Rycik, 1999). 

Knowledge items were both closed and open-response. For open-response knowledge items, 
scoring criteria were created by the workshop developers. For the knowledge items, skipped items 
were scored as zero, and each item was weighted to have a maximum score of one. Four knowledge 
scores were then calculated for each participant (one for each subject area and one overall ELA 
score). Knowledge scores were calculated by summing the scores of all items that form the scale and 
dividing by the total number of items for that scale. 
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Instructional practice items were designed to measure the self-reported frequency of desirable 
instructional practices, as defined by each OPD workshop. The vocabulary workshop for teachers 
focused on practices related to assessing students’ vocabulary knowledge, using direct instruction 
techniques to teach vocabulary (e.g., Simmons, 2002), and using technology and websites to assist 
in vocabulary instruction. The reading comprehension workshop focused on practices related to 
providing continuous and individualized reading instruction, providing instruction related to read-
ing strategies for different types of text, and incorporating technology into reading comprehension 
instruction. The writing workshop focused on practices related to writing motivation and the writ-
ing process, on assessing student writing, and on using technology to teach writing.

All practice items were closed-response items and used a 4-point Likert scale. For these items, 
missing data was imputed using a stochastic linear regression model; 0.63% of all practice item data 
was missing. Three practice scores were calculated for each participant (one for each subject area) 
by taking the mean of all practice items that focused on the targeted sub-content area (reading com-
prehension, writing, and vocabulary).

Instrumentation—Students

The student data collection instruments were designed to measure changes in students’ knowl-
edge in vocabulary, reading comprehension, and writing, and their practices in reading comprehen-
sion and writing. Specifically, the instruments were designed to measure areas of knowledge and 
practice that might be affected by changes to teachers’ knowledge and instructional practices that 
would result from participation in the OPD workshops. The student pre- and post-tests were devel-
oped independently from the series of three OPD workshops, but were reviewed by the workshop 
developers for accuracy and appropriateness of content. Table 25 shows the number of items on 
each scale and the reliabilities of the scales. Most instruments had high levels of reliability, except 
for the writing knowledge scale, which showed low reliability on the pre- and post-tests (0.26 and 
0.44, respectively). Due to this low reliability, this report does not present results for the writing 
knowledge scale. 

Table 25: Number of Student Items and Sample Student Items 

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Vocabulary 
Knowledge 10 Pre-test: .70 

Post-test: .74

A microscopic object is too small  
to see with your eyes alone.
Based on this, what does  
microgravity mean?
   a. No gravity
   b. Little gravity
   c. Normal gravity
   d. Much gravity

  (continued, next page)
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Table 25: Number of Student Items and Sample Student Items  
(continued)

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Reading  
Comprehension 
Knowledge

10 Pre-test: .70 
Post-test: .72

Which of the following best de-
scribes the purpose of the passage?
   a. To describe how Dwayne  

   helps out his mother
   b. To illustrate that family is  

   more important than  
   possessions

   c. To explain how to use  
   everyday examples to  
   write about your life

   d. To show what life is like  
   for Dwayne

Writing 
Knowledge 4 Pre-test: .26 

Post-test: .44

For the following writing prompt, 
what is the purpose of the essay you 
will write?
Leaders are necessary to any group: 
families, friends, teams, clubs, 
countries, etc. Explain what it takes 
to be an effective leader.
   a. To give the reader infor- 

   mation about a topic
   b. To convince the reader 
    of something
   c. To tell the reader a story

Overall ELA 
Knowledge 24 Pre-test: .81 

Post-test: .83

Reading  
Comprehension
Practices

12 Pre-test: .70 
Post-test: .77

While reading the last passage and 
answering the questions, did you 
predict what might happen next?
   a. Yes
   b. No

Writing 
Practices 21 Pre-test: .84 

Post-test: .86

When given a writing prompt, 
how often do you just start writ-
ing (without spending much time 
planning)?
   a. I almost always writing  

   without planning
   b. I sometimes write  

   without planning
   c. I rarely write without  

   planning
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For all three subjects, the student content knowledge items were based on released state and 
national standardized test items. Each knowledge item was scored as 1 or 0, indicating correct or 
incorrect. Four content knowledge scores were calculated for each student participant (one for each 
subject area and one overall ELA score) by dividing the number of correct items by the total number 
of items in the scale; for ease of interpretation, these means are presented as percentages. Practice 
items were designed to measure the self-reported frequency of desirable practices, specifically ben-
eficial practices that teachers would encourage after completing the series of three OPD workshops. 
The writing practice items used a 3-point Likert scale. The reading comprehension practice items 
were dichotomous. No practice items related to vocabulary were included on the survey. Thus, only 
two practice scores (reading comprehension and writing) were calculated for each student partici-
pant.

Based on the goals of the teachers’ vocabulary OPD workshop (described above), changes in 
teachers’ knowledge and instructional practices was intended to lead to changes in students’ vo-
cabulary knowledge as described by three student outcomes: 1) use context clues to derive word 
meanings; 2) improve depth of word knowledge as measured by Dale’s four levels of word knowl-
edge (Dale & O’Rourke, 1986); and 3) use morphemic analysis (knowledge of roots, prefixes, and 
suffixes) to derive word meanings. 

To evaluate reading comprehension, students were presented two passages (one narrative and 
one expository). Students then answered five items about each passage. Based on the goals of the 
teachers’ reading comprehension OPD workshop (described above), changes in teachers’ knowledge 
and instructional practices were intended to lead to changes in students’ reading comprehension as 
described by three student outcomes: 1) demonstrate improved comprehension of online text; 2) 
demonstrate improved comprehension of narrative and expository text; and 3) demonstrate greater 
awareness of the comprehension strategies they apply to text as they read.

Based on the goals of the teachers’ writing comprehension OPD workshop (described above), 
changes in teachers’ knowledge and instructional practices were intended to lead to changes in stu-
dents’ writing as described by four student outcomes: 1) understand how to read writing prompts; 
2) create a list of writing territories for possible subjects of interest; 3) follow the complete writing 
process for informative and persuasive essays; and 4) publish their work.

Results

This section presents the results of the analyses conducted to examine the effects of the OPD on 
teachers’ knowledge and instructional practices and students’ knowledge and practices. For teach-
ers, the change in the average scores is presented for the treatment and control groups, along with 
an impact model to examine whether group membership was a significant predictor of teachers’ 
post-test results after controlling for their pre-test scores. Effect sizes are also presented. 

For students, the change in the average scores is presented for the treatment and control groups, 
along with the effect size differences. Finally, the results of hierarchical linear models are presented 
that demonstrate whether teachers’ group membership was a significant predictor of students’ post-
test scores after controlling for pre-test scores. By accounting for the clustering of students within 
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randomly assigned teachers, the hierarchical linear models allowed us to estimate the impact of 
teachers’ assignment to the treatment or control conditions on their students’ content knowledge 
and practice scores. 

Teachers’ Content Knowledge

Table 26 shows the average percent correct and standard deviations for the knowledge scales for 
treatment and control groups on the pre- and post-survey. For both subjects individually, and for 
the combined ELA score, despite random assignment of the teachers, the teachers in the treatment 
group had average pre-test scores that were higher than the control group’s pre-test scores. However, 
these differences were not statistically significant. For most subjects, the post-test scores for the 
treatment and control group were higher than the respective pre-test scores. For the combined ELA 
scale, the scores of the control group decreased slightly from pre to post. The mean differences pre-
sented in Table 26 show that the average change in the treatment group was larger than the average 
change in the control group. As evidenced by the pre-to-post-test effect size, the standardized gains 
for the treatment group were larger than the standardized gains for the control group. The largest 
standardized gains occurred for the treatment group teachers in the reading comprehension and 
overall ELA domains (0.24 and 0.28 standard deviations, respectively).

Table 26: Summary Statistics of Teacher Knowledge Scales

Subject Group†
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary 
Knowledge

Treatment 26% 
(SD=0.15)

31% 
(SD=0.16) 5% 0.24

Control 21% 
(SD=0.15)

22% 
(SD=0.14) 1% 0.06

Reading  
Comprehension 
Knowledge

Treatment 37% 
(SD=0.24)

45% 
(SD=0.23) 8% 0.24

Control 35% 
(SD=0.22)

36% 
(SD=0.24) 1% 0.03

Overall ELA 
Knowledge Score

Treatment 35% 
(SD=0.14)

40% 
(SD=0.13) 5% 0.28

Control 30% 
(SD=0.13)

30% 
(SD=0.11) 0% –0.02

† NT=35 and NC=45

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation= 2 +PRESD 2

POSTSD
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While the scores of the treatment group increased more than the scores of the control group, 
it is important to account for differences in pre-scores when estimating the effect of the treatment. 
To this end, a one-way analysis of covariance (ANCOVA) was conducted with group membership 
(treatment or control) as the independent variable, post-survey scores as the dependent variable, 
and pre-survey scores as the covariate.4

Prior to inclusion in the analysis, teachers’ pre-test scores were adjusted for measurement er-
ror or unreliability (see the Cronbach’s alpha estimates for the teacher scales in Table 24). While 
measurement error in the pre-test and/or post-test may reduce the precision of the estimate of the 
treatment effect; measurement error in the pre-test in particular may also introduce a bias when 
estimating the regression slope and in turn produce a biased estimate of the treatment effect (Shad-
ish, Cook, & Campbell, 2002). By correcting for unreliability in the pre-test measure, the parameter 
estimates in the ANCOVA model was likely to be an unbiased estimate of the population parameter 
for the treatment effect.5

Tables 27–29 (next page) show the results of the ANCOVA models. Table 27 shows that after 
controlling for pre-test scores, the average vocabulary knowledge post-test scores for the teachers 
in the treatment group was statistically significantly higher than the average post-test scores for the 
teachers in the control group (b=0.064, df=77, p=0.047). Similarly, the treatment effect for overall 
ELA knowledge score was statistically significant, as displayed in Table 29 (b=.076, df=77, p=0.004). 
For reading comprehension knowledge, the treatments effects were not significant (b=.209, df=77, 
p=0.125), as displayed in Table 28. 

Effect sizes for the ANCOVAs are reported as partial eta-squared statistics (     ) in Tables 27–29. 
The value of      represents the proportion of total variation in the dependent variable that is at-
tributable to membership in the treatment or control condition, after controlling for pre-test scores 
(covariate). The guidelines defined by Keppel and Wickens (2004) state that      values ranging from 
0.01 to 0.05 represent small effects, 0.06–0.14 represent medium effects, and        values greater than 
0.14 represent large effects. According to these guidelines, the OPD had medium effects on teachers’ 
overall ELA scores (     = 0.104), and small effects on teachers’ vocabulary knowledge scores (      = 
0.050), and on reading comprehension knowledge scores (      = 0.030). 

ηp
2

ηp
2

ηp
2

ηp
2

ηp
2 ηp

2

ηp
2



inTASC REPORT: e-Learning for Educators: Findings, June 2010
40

Table 27: ANCOVA Results for Teachers’ Vocabulary Knowledge Scale

Parameter F(1,77)
Coefficient 

(s.e.) T p-value Partial η2

Intercept 17.49 0.19 (0.05) 4.281 <0.001 0.192

Covariate— 
Vocabulary  
Pre-Survey Score

8.93 0.45 (0.15) 2.989 0.004 0.104

Treatment (1) v. 
Control (0) 4.07 0.06 (0.03) 2.018 0.047 0.050

Table 28:  ANCOVA Results for Teachers’ Reading Comprehension 
Knowledge Scale

Parameter F(1,77)
Coefficient 

(s.e.) T p-value Partial η2

Intercept 3.81 0.21 (0.09) 2.223 0.029 0.060

Covariate— 
Reading  
Comprehension 
Pre-Survey Score

7.76 0.65 (0.23) 2.785 0.007 0.092

Treatment (1) v. 
Control (0) 2.41 0.08 (0.05) 1.552 0.125 0.030

Table 29: ANCOVA Results for Teachers’ Overall ELA Knowledge Scale

Parameter F(1,77)
Coefficient 

(s.e.) T p-value Partial η2

Intercept 16.09 0.21 (0.05) 4.409 <0.001 0.202

Covariate— 
Overall ELA  
Pre-test Score

16.86 0.53 (0.13) 4.107 <0.001 0.180

Treatment (1) v. 
Control (0) 8.97 0.08 (0.03) 2.995 0.004 0.104

Teachers’ Instructional Practices

Table 30 shows the means and standard deviations of the three practice scales for treatment 
and control group teachers on the pre- and post-survey. In vocabulary and writing, the control 
group’s average pre-test scores were higher than the treatment group’s pre-test scores. In reading 
comprehension, the treatment group’s average pre-test scores were higher than the control group’s 
pre-test scores. The differences between the pre-test scores were not statistically significant for any 
of the three practice scales. For each subject, both the treatment and control group’s post-test scores 
were higher than the pre-test scores. As evidenced by the pre-to-post-test effect size, the standard-
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ized gains for the treatment group were larger than the standardized gains for the control group, 
although the gains in reading comprehension practices were of comparable magnitude. 

Table 30: Summary Statistics of Teacher Practice Scales

Subject Group†

Mean  
Pre-Test 
Score‡

Mean 
Post-Test 

Score‡

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary  
Practices

Treatment 2.90 
(SD=0.60)

3.24 
(SD=0.43) 0.34 0.47

Control 3.14 
(SD=0.57)

3.16 
(SD=0.58) 0.02 0.02

Reading  
Comprehension 
Practices

Treatment 2.64 
(SD=0.60)

2.78 
(SD=0.60) 0.14 0.17

Control 2.61 
(SD=0.54)

2.71 
(SD=0.55) 0.10 0.13

Writing 
Practices

Treatment 3.03 
(SD=0.36)

3.27 
(SD=0.31) 0.24 0.51

Control 3.10 
(SD=0.749)

3.15 
(SD=0.48) 0.06 0.08

† NT=35 and NC=45

‡ min=1, max=4

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

To determine whether the practice scores of the treatment group increased more than the prac-
tice scores of the control group, a one-way analysis of covariance (ANCOVA) was conducted with 
group membership (treatment or control) as the independent variable, post-survey scores as the de-
pendent variable, and pre-survey scores as the covariate.4,8 Again, pre-test scores were adjusted for 
measurement error.5 Tables 31–33 (next page) show the results. Table 31 shows that after controlling 
for pre-test scores, the vocabulary post-test practice scores for the teachers in the treatment group 
were significantly higher than the average for the teachers in the control group (b=2.86, df=77, 
p=0.008). Similarly, for the writing practice scores, the difference between the treatment and control 
group post-test means were statistically significant, as shown in Table 33 (b=0.17, df=77, p=0.013). 
For reading comprehension, the post-test practice scores of the treatment group were not statisti-
cally significantly different than the control group (b=0.05, df=77, p=0.574), as shown in Table 32.

Using the same guidelines as described for the knowledge scores, the OPD had medium  
effects on teachers’ vocabulary practice scores (    = 0.089) and teachers’ writing practice scores  
(            = 0.077). The effect of the OPD on teachers’ reading comprehension practice scores was negligible  
(      = 0.004). 
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Table 31: ANCOVA Results for Teachers’ Vocabulary Practices

Parameter F(1,77)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 0.98 0.91 (0.71) 1.266 0.209 0.021

Covariate— 
Vocabulary  
Pre-Survey Score

47.66 0.81 (0.25) 3.276 0.002 0.124

Interaction  
(Pre-Survey 
Score* Treatment 
Group)

4.38 0.33 (0.16) 2.092 0.040 0.054

Treatment (1) v. 
Control (0) 7.35 2.86 (1.05) 2.710 0.008 0.089

Table 32:  ANCOVA Results for Teachers’ Reading Comprehension  
Practices

Parameter F(1,77)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 3.05 0.41(0.23) 1.804 0.075 0.041

Covariate— 
Reading  
Comprehension 
Pre-Survey Score

119.92 0.90 (0.08) 10.951 <0.001 0.609

Treatment (1) v. 
Control (0) 0.32 0.05 (0.08) 0.565 0.574 .004

Table 33: ANCOVA Results for Teachers’ Writing Practices

Parameter F(1,77)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 7.54 .86 (0.28) 3.057 0.003 0.108

Covariate— 
Writing  
Pre-Survey Score

76.12 0.80 (0.09) 8.724 <0.001 0.497

Treatment (1) v. 
Control (0) 6.45 0.17 (0.07) 2.541 0.013 0.077

Students’ Content Knowledge 

Table 34 (next page) shows the means and standard deviations for the vocabulary, reading com-
prehension, and overall ELA knowledge scales for students of the teachers in the treatment and 
control groups. For the two subjects individually, and for the overall ELA score, despite random 
assignment of the teachers, the control group’s average pre-test scores were higher than the treat-
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ment group’s pre-test scores. However, these differences were not statistically significant. For most 
subjects, the post-test scores for the treatment and control group were higher than the respective 
pre-test scores. For reading comprehension, the post-test scores of the control group were lower 
than the pre-test scores. The mean differences presented in Table 34 show that the average change in 
the treatment group was larger than the average change in the control group. Based on the pre-to-
post-test effect size, the standardized gains for the treatment group were larger than the standard-
ized gains for the control group. 

Table 34: Summary Statistics of Student Content Knowledge Scales

Subject Group†
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Vocabulary 
Knowledge

Treatment 70% 
(SD=0.22)

73% 
(SD=0.24) 2% 0.07

Control 71% 
(SD=0.23)

71% 
(SD=0.25) 0% 0.01

Reading  
Comprehension 
Knowledge

Treatment 62% 
(SD=0.24)

62% 
(SD=0.24) 1% 0.02

Control 63% 
(SD=0.24)

61% 
(SD=0.25) –2% –0.06

Overall ELA Score 
Knowledge

Treatment 64% 
(SD=0.19)

67% 
(SD=0.20) 3% 0.10

Control 66% 
(SD=0.20)

66% 
(SD=0.21) 1% 0.02

† NT=831 and NC=1225

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation =

Table 35 (next page) shows the effect sizes for the vocabulary and reading comprehension con-
tent knowledge scales and the overall ELA knowledge scale, calculated as the difference between the 
adjusted means for the post-test divided by the pooled standard deviation. According to the com-
monly accepted ranges for effect sizes (less than 0.2 standard deviations represents no effect, 0.2–0.3 
standard deviations is a small effect, 0.3–0.5 standard deviations is a medium effect, 0.5 standard 
deviations and higher is a large effect), the OPD had no measurable effect on vocabulary knowledge 
(0.05), reading comprehension knowledge (0.07), or the overall ELA knowledge combined score 
(0.08). 

2 +PRESD 2
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Table 35: Effect Size Changes in Students’ Knowledge Scores

Knowledge in 
Subject Group†

Post-test  
Adjusted 

Mean St. Dev.

Difference 
between Post-
Test Adjusted 

Means Effect Size*

Vocabulary 
Knowledge

Treatment 0.73 0.24
0.02 0.05

Control 0.71 0.25

Reading  
Comprehension 
Knowledge

Treatment 0.63 0.01
0.02 0.07

Control 0.60 0.01

Overall ELA 
Score

Treatment 0.68 0.01
0.02 0.08

Control 0.66 0.004

† NT=831 and NC=1225

* The treatment-control group effect size difference between adjusted means was calculated by  
dividing the mean difference by the pooled standard deviation of post-test adjusted means.  
The pooled standard deviation =

Students’ Practices

Table 36 (next page) shows the means and standard deviations of the two practice scales for 
treatment and control group students on the pre- and post-surveys. In both reading comprehen-
sion and writing, the treatment group students’ average pre-test scores were higher than the con-
trol group students’ pre-test scores. There were no statistically significant differences between the 
treatment and control group’s pre-test scores on the reading comprehension practices scale (t=-
0.53, df=1853, p=0.60) but there was a statistically significant difference between the treatment and 
control group’s pre-test scores for the writing practice scale (t=–2.10, df=2047, p<0.05). For each 
subject area, both the treatment and control group students’ post-test scores were higher than the 
pre-test scores. Based on the pre-to-post-test effect sizes, the standardized gains for the treatment 
group were larger than the standardized gains for the control group, although the gains were small 
for each subject. 

2 +POST,TreatmentSD 2
POST,ControlSD
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Table 36: Summary Statistics of Students’ Practice Scales

Subject Group6
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Reading  
Comprehension 
Practices†

Treatment 
(N=757)

0.44 
(SD=0.23)

0.50 
(SD=0.23) 0.06 0.17

Control 
(N=1098)

0.43 
(SD=0.24)

0.46 
(SD=0.26) 0.02 0.07

Writing  
Practices‡

Treatment 
(N=825)

2.25 
(SD=0.32)

2.32 
(SD=0.37) 0.08 0.16

Control 
(N=1224)

2.22 
(SD=0.34)

2.24 
(SD=0.35) 0.02 0.05

† For Reading Comprehension, min=0, max =1

‡ For Writing, min=1, max=3

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation = 

Table 37 shows the effect sizes for the two practice scales, calculated as the difference between 
the adjusted means divided by the pooled standard deviation. Using the same ranges described for 
the knowledge scales, after controlling for pre-test differences, the OPD treatment had no measur-
able effect on practice scores for reading comprehension (0.11) or writing (0.17). 

Table 37: Effect Sizes for Changes in Practice Scales

Subject Group

Post-test
Adjusted 

Mean St. Dev.

Difference 
between Post-
test Adjusted 

Means 

Effect Size  
difference  
between  

adjusted means*

Reading  
Comprehension 
Practices

Treatment 
(N=1098) 0.50 0.01

0.040 0.11
Control 
(N=757) 0.46 0.01

Writing  
Practices

Treatment 
(N=825) 2.33 0.01

0.087 0.17
Control 

(N=1224) 2.24 0.01

* The treatment-control group effect size difference between adjusted means was calculated by  
dividing the mean difference by the pooled standard deviation of post-test adjusted means.  
The pooled standard deviation =

Multilevel regression models were employed to estimate the impact of teacher assignment to the 
treatment or control group on student knowledge and practice scores. This type of analysis was used 
to account for the nesting of the students within randomly assigned teachers. A model was formu-

2 +POST,TreatmentSD 2
POST,ControlSD
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lated for each of the post-test knowledge and practice scales to estimate the treatment effects. For 
each outcome, post-test scores were modeled as a function of the students’ pre-test scores (level-1) 
and as a function of teachers’ group membership (level-2). As with the teacher analyses, prior to 
inclusion in the two-level model, students’ pre-test scores were adjusted for measurement error or 
unreliability (see the Cronbach’s alpha estimates for the student scales in Table 25, pages 34–35). The 
results for the models predicting students’ post-test knowledge and practice scores are presented in 
Tables 38 (next page) and 39 (page 47), respectively.

The results of the unconditional models in Tables 38 and 39 indicate that there is a significant 
amount of variation in students’ post-test knowledge and practice scores between teachers. For the 
post-test knowledge scores, the intra-class correlation coefficients (ICCs) ranged from 0.19 for the 
reading comprehension post-test scores to 0.21 for the overall ELA post-test scores. This indicates 
that between 19% and 21% of the total variability on the post-test scores could be attributed to 
between-teacher differences. For the practice post-test scores, the ICCs range from 0.03 to 0.13 and 
each were statistically significant. These non-zero ICCs, in combination with the modest sample 
sizes, support the need for the use of hierarchical linear regression models to estimate the treatment 
effects on student outcomes. 

Table 38 (next page) presents the results of the analyses for the student content knowledge 
scales and the overall ELA scores. For the student knowledge scales, the results show no statistically 
significant coefficients associated with the teachers’ group membership after controlling for the pre-
test measures (b=0.013, t=0.77, df=78, p=0.444 for vocabulary; b=0.010, t=0.59, df=78, p=.0559 for 
reading comprehension; and b=0.008, t=0.58, df=78, p=0.564 for combined ELA).

Table 39 (page 47) presents the results of the analyses for the student practice scales. For the 
student practice scales, the results show statistically significant positive coefficients associated with 
teachers’ group membership for the reading comprehension practice scores after controlling for 
pre-test scores (b=0.039, t=2.42, df=78, p=0.018). The coefficient indicates that after controlling for 
students’ pre-test practice scores, students in the treatment group were predicted to have statistically 
significant higher post-test reading comprehension practices than students in the control group. The 
coefficients representing the comparisons between the treatment and control groups for students’ 
writing post-test practices were not statistically significant different from zero after controlling for 
the pre-test measures (b=0.039, t=1.41 , df=78, p=0.164).
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Table 38:  Multilevel Models for Predicting Students’ Knowledge  
Post-test-Scores

Vocabulary
Reading and 

Comprehension Overall ELA

UNCONDITIONAL MODEL

Fixed 
Components

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

0.713 0.014 <.001 0.607 0.014 <.001 0.660 0.013 <.001

Random 
Components

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

0.048 0.013 0.21 0.053 0.012 0.19 0.035 0.011 0.24

CONDITIONAL MODEL

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

Intercept 0.710 0.012 <.001 0605 0.012 <.001 0.659 0.009 <.001

Student Measures

Pre-test 
Scores 0.851 0.032 <.001 0.772 0.031 <.001 0.386 0.015 <.001

Teacher Measures

Group 
(0=Cont, 
1=Treat)

0.013 0.017 0.444 0.010 0.018 0.559 0.008 0.014 0.564

RANDOM COMPONENTS

Residual Variance Residual Variance Residual Variance

W/in 
Schools 0.033

p<.001

0.040

p<.001

0.020

p<.001Betw. 
Schools 0.004 0.005 0.003

Total  
Residual 0.037 0.045 0.023

Total 
Variance 
Explained

38.37% 31.75% 49.71%
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Table 39:  Multilevel Models for Predicting Students’ Practice  
Post-test-Scores

Reading
Comprehension Writing

UNCONDITIONAL MODEL

Fixed 
Components

Coeff. s.e. sig. Coeff. s.e. sig.

0.468 0.008 <.001 2.259 0.017 <.001

Random 
Components

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

0.066 0.002 0.03 0.107 0.016 0.13

CONDITIONAL MODEL

Coeff. s.e. sig. Coeff. s.e. sig.

Intercept 0.454 0.008 <.001 2.245 0.014 <.001

Student Measures

Pre-test 
Scores 0.534 0.043 <.001 0.601 0.032 <.001

Teacher Measures

Group 
(0=Cont, 
1=Treat)

0.039 0.016 0.018 0.039 0.027 0.164

RANDOM COMPONENTS

Residual Variance Residual Variance

W/in 
Schools 0.058

p<.001

0.083

p<.001Betw. 
Schools 0.002 0.009

Total  
Residual 0.060 0.092

Total 
Variance 
Explained

11.62% 25.54%

Summary of Seventh Grade ELA Findings

In summary, the seventh grade ELA trial provides evidence that a series of OPD courses that 
focus on teachers’ knowledge and instructional practices that target the development of student vo-
cabulary knowledge, writing skills, and reading comprehension had positive effects on teachers and 
their students. Specifically, analyses indicate that teachers who participated in the treatment group 
had, on average, higher scores on the measures of instructional practices for writing and vocabulary, 
but not reading comprehension, when compared to the teachers in the control group. The size of the 
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effects was medium for writing and vocabulary, and negligible for reading comprehension. Analyses 
also indicate that, when compared to the control group, participation in the OPD courses had sta-
tistically significant effects on teachers’ vocabulary and overall ELA knowledge scores, but did not 
have a significant effect on reading comprehension scores. These effects were medium for teachers’ 
overall ELA scores and small for both vocabulary and reading comprehension scores. Analysis of 
student data indicates that there were changes in student practices related to both reading compre-
hension and writing for students whose teachers were assigned to the treatment group. These differ-
ences, however, were relatively small and were statistically significant for reading comprehension, 
but not writing. Changes in student knowledge scores were also found for students whose teachers 
participated in the OPD courses. However, differences between the control and treatment groups 
were negligible and not statistically significant.
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Fifth Grade Mathematics Trial
Figure 3 lists the goals of the three fifth grade mathematics workshops.

Figure 3: Fifth Grade Mathematics Workshop Goals

workshop:  Using Models to Understand Fractions

Develop a broader understanding of what fractions are and the mathematics underlying the algorithms.•	
Provide course participants with a greater understanding of student difficulties with fractions through •	
examining student work and conducting a student interview.
Introduce teachers to specific mathematical models, specifically linear and area models, which can be •	
applied to their teaching practice to foster better understanding of fractions.
Promote a “learning-by-doing” methodology, which is applicable to students at all ages.•	

workshop:  Algebraic Thinking in Elementary School

Learn how children in grades 3-5 can think about basic algebraic concepts.•	
Appreciate the importance of algebraic thinking in the upper elementary curriculum.•	
Become familiar with relevant research on the importance of algebraic thinking in elementary school •	
instruction.
Explore a variety of problems that can be used with students to develop their algebraic thinking.•	
Understand student misconceptions about the sign “=” and why this is such a pivotal concept in  •	
elementary mathematics.
Learn how to design and “algebrafy” activities that encourage algebraic thinking.•	
Create a collection of activities which promote algebraic thinking that can be integrated into  •	
classroom practice.
Promote a “learning-by-doing” methodology, which is applicable to students at all ages.•	

workshop:  The Complexities of Measurement 

Become familiar with tasks that encourage students to understand what measurement is, and why it is •	
necessary.
Gain a better understanding of how elementary students think about linear measurement, area, and •	
capacity.
Study critical ideas in mathematics education, such as the importance of unitization and iteration  •	
when measuring.
Create engaging, standards-based lesson plans that promote student inquiry into critical issues of  •	
measurement.
Create lessons which use mathematical tools appropriately.•	
Conduct a student interview.•	
Promote a “learning-by-doing” methodology, which is applicable to students at all ages. •	

Sample

Table 40 (next page) displays the number of teachers who were recruited for the fifth grade 
study and the groups to which these teachers were assigned. A total of 235 teachers were recruited 
for the study. During the course of the study, 143 teachers resigned from participation (61% of re-
cruited sample). In thirteen cases, two teachers from the same school volunteered to participate in 
the research study. To avoid confounding school-wide effects with the potential effects of the OPD 
courses, the data from one of those teachers was randomly selected for inclusion in the study, and 
the data from the remaining teacher was discarded, resulting in the removal of data from thirteen 
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teachers (6% of the recruited sample). Thus, data were included from 79 teachers who completed all 
of the research requirements (34% of the recruited sample). The findings in this report are based on 
these 79 teachers: 34 treatment group teachers and 45 control group teachers.

Table 40: Number of Teacher Participants

Control 
Group

Treatment 
Group

Total Number 
of Teachers

Teachers Recruited 110 125 235

Teachers Excluded for Incompletion 53 90 143

Teachers that Completed all  
Requirements but were Excluded for  
being from Multi-Teacher Schools

12 1 13

Final Teacher Sample 45 34 79

Table 41 shows the number of student participants. Eligible students (41a) are defined as stu-
dents of the 92 teachers who completed all research study requirements. From this group of 2,200 
students, the data of 762 students was discarded from the analysis for several reasons. First, if a 
teacher was randomly excluded because there were multiple teacher participants at the same school, 
the student data of that teacher were also discarded. The number of students whose data were ex-
cluded for this reason is displayed in Table 41b. Second, data from students who reported they were 
not in fifth grade were discarded. Additionally, if a student did not report their grade, and the grade 
could not be independently confirmed with his or her teacher, the student’s data were discarded 
(41c). Third, data from students who did not complete at least 50% of each of the six administered 
instruments (fractions, algebraic thinking, and measurement pre- and post-tests) were discarded 
(41d). After removing data for these reasons, 790 students remained in the control group and 648 
students remained in the treatment group (41e). The findings in this report are based on these 1,438 
students: 648 in the treatment group and 790 in the control group.

Table 41: Number of Student Participants

Control 
Group

Treatment
Group

Total Number 
of Students

(a) Eligible students 1,305 895 2,200

(b) Students from multiple-teacher schools 261 19 280

(c) Students not confirmed to be in fifth grade 5 16 21

(d) Students that completed less than 50% of  
at least one instrument 249 212 461

(e) Final Student sample 790 648 1,438
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Nearly all teachers (89%) self-identified as White, with a small percentage identifying as Black/
African American (6%). Three percent of the teachers self-identified as Latino. Sixty-five percent 
of the students self-identified as White, 12% as Black/African American, 13% self-identified as an-
other race (Asian, American Indian, Native Hawaiian, Other, or multiple selections), and 10% of 
the students provided no race information. There were no statistically significant differences in race/
ethnicity between the treatment and control groups for teachers, χ2=4.819, df=5, p=0.438, or for 
students, χ2=9.519, df=7, p=0.217. Seventy-five percent of the students self-identified as non-Latino 
and 5% as Latino; the remainder of the students did not provide this information. Ninety-two per-
cent of students reported that they spoke English as their first language. There was no statistically 
significant difference in the percentages of students who reported they spoke English as their first 
language between the treatment and control groups (χ2= 0.495, df=1, p=0.482). 

Nearly all participating teachers were female (90%). Half of the participating students were 
male and half were female. There were no statistically significant gender differences for teachers, 
χ2=3.386, df=1, p=0.066, or for students, χ2=0.630, df=1, p=0.427. 

The majority of the teachers were state certified (91%). Fifty-eight percent of the teachers held 
Masters Degrees as their highest level of education, and 37% held Bachelor’s Degrees. There were no 
statistically significant differences in the certification (χ2=0.704, df=2, p=0.703) or highest education 
level (χ2=5.051, df=3, p=0.168) between the treatment and control groups. Seventy-seven percent of 
the teachers reported that they had more than 5 years teaching experience overall, and 71% reported 
that they were teaching mathematics for more than 5 years. There was no statistically significant dif-
ference in the years of teaching experience between the treatment and control groups (χ2=10.059, 
df=10, p=0.435).

Seventy-three percent of the participating teachers taught in schools that offer Title-I services. 
There was no statistically significant difference between the treatment and control group in the per-
centage of teachers who taught in Title-I funded and non-Title-I funded schools (χ2=0.083, df=1, 
p=0.773). The largest percentage of teachers (38%) taught in rural schools, followed by city schools 
(32%), town schools (10%), and suburban schools (9%).2 There was no statistically significant differ-
ence between the treatment and control group teachers regarding the type of school locale (χ2=4.911, 
df=4, p=0.297). The largest group of participating teachers came from the South (43%), followed by 
the Northeast (39%), the Midwest (15%) and the West (3%).3 There was no statistically significant 
difference between the treatment and control groups regarding the number of teachers from each 
region (χ2=0.730, df=3, p=0.866).

Eighty-seven percent of students reported having a computer in their home. Seventy-four per-
cent of the students reported using the computer a couple of times a week, 16% a couple of times 
a month, and 7% a couple of times a year. There was no statistically significant difference between 
the treatment and control group, in the number of students who had a computer in the home (χ2 
=0.258, df=1, p=0.611) or in the categories of responses representing the frequency of computer use 
(χ2=0.450, df=2, p=0.799). With regard to computer use at school, 65% of the students reported us-
ing the computer a couple of times a week, 25% a couple of times a month and 6% a couple of times 
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a year. There was no statistically significant difference between the treatment and control group 
students’ report of their frequency of computer use (χ2=2.893, df=2, p=0.235).

Instrumentation—Teachers

The teacher data collection instruments were designed to measure the potential effects of the 
primary goals of the OPD workshops. These goals fell into three broad content areas: fractions, al-
gebraic thinking, and measurement. Within each area, the researchers developed a survey designed 
to measure teachers’ knowledge and self-reported frequency of instructional practices, in relation to 
the goals of the workshop. Each survey was developed independently and reviewed by the workshop 
developers for accuracy of content. Table 42 shows the number of items on each scale, the reliabili-
ties of the scales, and one sample survey item from each category. For these data, reliability was es-
timated using Cronbach’s Alpha, which ranges from 0 to 1. It is desirable to have an alpha of at least 
0.70. As displayed in Table 42, the overall mathematics knowledge scale and the practice subscales 
had adequate reliability. However, the fractions, algebraic thinking and measurement knowledge 
subscales had lower than optimal reliabilities ranging from 0.48 to 0.67. 

Table 42: Number of Teacher Items and Sample Teacher Survey Items 

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Fractions  
Knowledge 9 Pre-test: 0.54 

Post-test: 0.48

Describe both the importance and 
limitations of fraction algorithms, 
and when to use/teach them.

Algebraic  
Thinking  
Knowledge

8 Pre-test: 0.55 
Post-test: 0.60

Give one example of a problem that 
encourages algebraic thinking.

Measurement 
Knowledge 14 Pre-test: 0.55 

Post-test: 0.67

Explain how the use of non-stan-
dard objects can facilitate students’ 
understanding of measurement.

Overall  
Mathematics 
Knowledge

31 Pre-test: 0.72 
Post-test: 0.80

  (continued next page)



inTASC REPORT: e-Learning for Educators: Findings, June 2010
54

Table 42: Number of Teacher Items and Sample Teacher Survey Items  
(continued)

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Fractions  
Practice 4 Pre-test: 0.61 

Post-test: 0.60

When teaching fractions to  
students, how often do you use  
area models? 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Algebraic  
Thinking Practice 8 Pre-test: 0.82 

Post-test: 0.82

How often do you use student 
interviewing techniques to explore 
student thinking? 
a. Weekly        b. Monthly  
c. Yearly          d. Never

Measurement 
Practice 26 Pre-test: 0.82

Post-test: 0.88

When teaching measurement, how 
often do you teach your students 
how to measure the area of non-
standard shapes? 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

The knowledge items were designed to measure content knowledge specific to each OPD work-
shop. The fractions workshop focused on knowledge related to what fractions are and how they 
can be operated upon through engagement in mathematics as well as knowledge of specific math-
ematical models, particularly linear and area models. The algebraic thinking workshop focused on 
knowledge related to problems that can be used with students to develop their algebraic thinking 
as well as strategies for solving algebraic problems. The measurement workshop focused on knowl-
edge related to tasks that encourage students’ understanding of what measurement is and why it is 
necessary, in addition to knowledge of how elementary students think about linear measurement, 
area, and capacity.

Knowledge items were both closed and open-response. For open-response knowledge items, 
scoring criteria were created by the workshop developers, and omitted items were scored as zero. 
Four knowledge scores were calculated for each participant (one for each subject area and one over-
all). These scores were calculated using a weighted scale whereby each item was given a maximum 
score of 1. Mean scores were then calculated by summing the scores of all items within a scale and 
dividing by the total number of items for that scale.

Practice items were designed to measure the self-reported frequency of desirable instructional 
practices, as defined by each OPD workshop. The fractions workshop focused on practices related 
to using a variety of models and methods to teach fractions and relating fraction problems to real 
world situations. The algebraic thinking workshop focused on practices related to using a variety of 
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activities to promote algebraic reasoning and applying ideas from the National Council of Teachers 
of Mathematics (NCTM) Algebra strand to classroom practice. The measurement workshop fo-
cused on practices related to assessing students’ misconceptions about measuring area, length, and 
capacity, and developing different strategies to help students understand length and width.

All practice items were closed-response items and used a 4-point Likert scale. For these items, a 
small amount of missing data were imputed using a stochastic linear regression model; 0.73% of all 
practice item data were missing. Three practice scores were calculated for each participant (one for 
each subject area) by taking the mean of all practice items.

Instrumentation—Students

The data collection instruments were designed to measure changes in students’ knowledge in 
fractions, algebraic thinking, and measurement. Specifically, the instruments were designed to mea-
sure areas of knowledge that might be affected by changes to teachers’ knowledge and instructional 
practices that would result from participation in the OPD workshops. The student pre- and post-
tests were developed independently from the series of three OPD workshops, but were reviewed by 
the workshop developers for accuracy and appropriateness of content. Table 43 shows the number 
of items on each scale and the reliabilities of the scales. Table 43 shows that the reliabilities of some 
scales were lower than optimal. In particular, the reliability of the pre-test scores on the fractions 
and measurement knowledge scales were quite low (0.49 and 0.48, respectively). 

Table 43: Number of Student Items and Sample Student Items 

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item

Fractions  
Knowledge 8 Pre-test: 0.49 

Post-test: 0.68

Solve and reduce: 9/10 – 2/5
a. 1/2      b. 7/10  
c. 7/5      d. 13/10

Algebraic  
Thinking  
Knowledge

10 Pre-test: 0.60 
Post-test: 0.73

What number goes in the box?
210 – [ ] = 196 + 1
a. 12      b. 13  
c. 14      d. 15

Measurement 
Knowledge 11 Pre-test: 0.48 

Post-test: 0.59

A rectangular carpet is 9 feet long 
and 6 feet wide. What is the area of 
the carpet?
a. 15 square feet      b. 27 square feet  
c. 30 square feet      d. 54 square feet

Overall  
Mathematics 
Knowledge

29 Pre-test: 0.73 
Post-test: 0.85
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For all three domains, the student content knowledge items were based on released state and 
national standardized test items. Each knowledge item was scored as 1 or 0, indicating correct or 
incorrect. Four content knowledge scores were calculated for each student participant (one for each 
subject area and one overall mathematics score) by taking the mean of all content knowledge items. 
For ease of interpretation, the means were presented as percentages rather than decimals.

Based on the goals of the teachers’ fractions OPD workshop (described above), changes in 
teachers’ knowledge and instructional practices were intended to lead to students’ understanding 
the process of computations rather than simply using algorithms; using models to solve problems 
related to fractions; finding fractions of non-standard shapes; and solving traditional fractions prob-
lems. After completing the algebraic thinking course, teachers were expected to be able to teach stu-
dents to: use representations such as graphs to draw conclusions; solve missing value problems; use 
generalization strategies such as finding a mathematical rule; solve “unknown quantity” problems 
without solving for a variable; and identify the equal sign as a balance point in an equation. The 
measurement course was designed to teach participants how to help students: understand the con-
cepts of length and width; differentiate area from capacity; and use both standard and non-standard 
units to determine length, area, and capacity.

Results

This section presents the results of the analyses conducted to examine the effects of the OPD 
on teachers’ content knowledge, instructional practices, and the mathematics achievement of their 
students. For teachers, the change in the average scores is presented for the treatment and control 
groups, along with an impact model to examine whether group membership was a significant pre-
dictor of teachers’ post-test results after controlling for their pre-test scores. Effect sizes are also 
presented. For students, the change in the average scores is presented for the treatment and con-
trol groups, along with the effect size differences. Finally, the results of hierarchical linear models 
are presented that demonstrate whether teachers’ group membership was a significant predictor of 
students’ post-test scores after controlling for pre-test scores. By accounting for the clustering of 
students within randomly assigned teachers, the hierarchical linear models allowed for the estima-
tion of the impact of teachers’ assignment to the treatment or control conditions on their students’ 
content knowledge.

Teacher Content Knowledge

Table 44 (next page) shows the average percent correct and standard deviations for the three 
knowledge scales for treatment and control groups on the pre- and post-test, as well as an overall 
mathematics knowledge score. The t-tests revealed no statistically significant differences between 
the pre-test scores for the sub-domain scores or the overall mathematics scores. For each scale, the 
post-test scores of the treatment group were higher than the respective pre-test scores. However, for 
the control group the post-test scores decreased or remained unchanged from the pre-test scores. 
The mean differences presented in Table 44 confirm that the average change in the treatment group 
was larger than the average change in the control group. As evidenced by the pre-to-post-test effect 
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size, the standardized gains for the treatment group were larger than the standardized gains for the 
control group. The largest standardized pre-to-post effect size difference was observed for the treat-
ment group on the measurement scale (0.76 standard deviations). 

Table 44: Summary Statistics of Teacher Knowledge Scales

Subject Group†
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Fractions  
Knowledge

Treatment 60% 
(SD=0.20)

63% 
(SD=0.19) 3% .12

Control 57% 
(SD=0.19)

54% 
(SD=0.16) –3% –.11

Algebraic  
Thinking  
Knowledge

Treatment 47% 
(SD=0.21)

61% 
(SD=0.23) 14% .43

Control 50% 
(SD=0.19)

49% 
(SD=0.18) –1% –.02

Measurement 
Knowledge

Treatment 36% 
(SD=0.16)

53% 
(SD=0.15) 17% .76

Control 34% 
(SD=0.12)

34% 
(SD=0.13) 0% –.01

Overall  
Mathematics 
Knowledge

Treatment 46% 
(SD=0.14)

58% 
(SD=0.14) 12% .58

Control 45% 
(SD=0.11)

44% 
(SD=0.12) –1% -.06

† NT=34 and NC=45

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation =

While the scores of the treatment group increased whereas the scores of the control group de-
creased, it is important to account for differences in pre-scores when estimating the effect of the 
treatment. To this end, a one-way analysis of covariance (ANCOVA) was conducted with group 
membership (treatment or control) as the independent variable, post-survey scores as the depen-
dent variable, and pre-survey scores as the covariate.4

Again, prior to inclusion in the analysis, teachers’ pre-test scores were adjusted for measure-
ment error or unreliability (see the Cronbach’s alpha estimates for the teacher scales in Table 42).5

Tables 45–48 show the results. Table 45 (next page) shows that after controlling for pre-test 
scores, the average fractions knowledge post-test scores for the treatment group were not statisti-
cally significantly higher than the average post-test scores for the control group (b=0.06, df=76, 
p=.078). However, the treatment effects for algebraic thinking knowledge were statistically signifi-
cant, as displayed in Table 46 (next page) (b=0.14, df=76, p=.003). The treatment effects for mea-
surement knowledge were also statistically significant, as displayed in Table 47 (page 58) (b= 0.18, 

2 +PRESD 2
POSTSD
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df=76, p<0.001). Similarly, the treatment effect for overall mathematics knowledge was statistically 
significant (b=0.13, df=76, p<0.001) as displayed in Table 48 (next page).

Effect sizes for the ANCOVAs are reported as partial eta-squared statistics (     ) in Tables 45–48. 
The value of      represents the proportion of total variation in the dependent variable that is at-
tributable to membership in the treatment or control condition, after controlling for pre-test scores 
(covariate). The guidelines defined by Keppel and Wickens (2004) state that        values ranging from 
0.01 to 0.05 represent small effects, 0.06–0.14 represent medium effects, and effects greater than 
0.14 represent large effects. According to these guidelines, the OPD had a small effect on teachers’ 
fractions knowledge scores (      = 0.04), a medium effect on teachers’ algebraic thinking knowledge 
scores (      = 0.11), and large effects on teachers’ measurement knowledge scores (      = 0.31), and on 
total mathematics knowledge scores (      = 0.27).

Table 45: ANCOVA Results for Teachers’ Fractions Knowledge Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept .05 0.01 (0.10) .08 .816 .001

Covariate— 
Fractions  
Pre-Survey Score

45.74 1.04 (0.15) 6.76 .000 .38

Treatment (1) v. 
Control (0) 3.18 0.06 (0.03) –1.78 .078 .04

Table 46: ANCOVA Results for Teachers’ Algebraic Thinking  
Knowledge Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 3.93 0.26 (0.10) 2.67 .051 .05

Covariate— 
Algebraic  
Thinking  
Pre-Survey Score

14.39 0.74 (0.20) 3.79 .000 .16

Treatment (1) v. 
Control (0) 9.77 0.14 (0.04) –3.13 .003 .11

ηp
2

ηp
2

ηp
2

ηp
2

ηp
2 ηp

2

ηp
2



inTASC REPORT: e-Learning for Educators: Findings, June 2010
59

Table 47: ANCOVA Results for Teachers’ Measurement  
Knowledge Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 12.43 0.34 (0.08) 4.48 .001 .14

Covariate— 
Measurement  
Pre-Survey Score

6.29 0.51 (0.20) 2.51 .014 .08

Treatment (1) v. 
Control (0) 33.63 0.18 (0.03) –5.80 .000 .31

Table 48: ANCOVA Results for Teachers’ Overall Mathematics  
Knowledge Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 4.45 0.20 (0.07) 3.04 .038 .06

Covariate— 
Overall  
Mathematics  
Pre-test Score

37.64 0.83 (0.14) 6.14 .000 .33

Treatment (1) v. 
Control (0) 27.84 0.13 (0.03) –5.28 .000 .27

Teachers’ Instructional Practices

Table 49 (next page) shows the means and standard deviations of the three practice scales for 
the treatment and control group teachers on the pre- and post-surveys. The results of independent 
samples t-tests revealed statistically significant differences in pre-test measurement practices scores 
as a function of treatment group (t(77)=2.54, p=.013). Control group teachers had higher pre-test 
scores (M=2.59, SD=.40) than did the experimental group teachers (M=2.37, SD=.34). However, 
there were no statistically significant differences in: pre-test fractions scores (t(77)=1.11, p=.270); 
or pre-test algebraic thinking scores (t(77)=1.07, p=.290). For each subject, the treatment group’s 
post-scores were higher than the pre-scores. However, with the exception of the measurement scale, 
post-test scores for the control group teachers were lower than their pre-test scores. As evidenced 
by the pre-to-post-test effect size, the standardized gains for the treatment group were larger than 
the standardized gains for the control group. The largest standardized pre-to-post test gain was 
observed on the measurement practice scale for the treatment group teachers (0.99 standard devia-
tions). 
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Table 49:  Summary Statistics of Teacher Practice Scales

Subject Group†

Mean  
Pre-Test 
Score‡

Mean 
Post-Test 

Score‡

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Fractions  
Practice

Treatment 2.74 
(SD=0.50)

3.16 
(SD=0.45) .42 .64

Control 2.87 
(SD=0.53)

2.68 
(SD=0.44) –.19 –.26

Algebraic  
Thinking Practice

Treatment 2.87 
(SD=0.64)

3.42 
(SD=0.46) .55 .70

Control 3.01 
(SD=0.52)

2.98 
(SD=0.46) –.03 –.04

Measurement 
Practice

Treatment 2.37 
(SD=0.34)

2.91 
(SD=0.43) .54 .99

Control 2.59 
(SD=0.40)

2.74 
(SD=0.39) .15 .28

† NT=34 and NC=45

‡ min=1, max=4

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

Similar to the approach taken with the knowledge scores, to determine whether the practice 
scores of the teachers in the treatment group increased more than the practice scores of the teachers 
in the control group, a one-way analysis of covariance (ANCOVA) was conducted with group mem-
bership (treatment or control) as the independent variable, post-survey scores as the dependent 
variable, and pre-survey scores as the covariate.4 Again pre-test scores were adjusted for measure-
ment error. 

Tables 50–52 (next page) show the results. Table 50 shows that after controlling for pre-test scores, 
the fractions post-test practice scores for the treatment group were significantly higher than the av-
erage for the control group (b=0.58, df=76, p<0.001). Similarly, for algebraic thinking post-test prac-
tice scores, for the treatment group were significantly higher than the average for the control group  
(b=0.50, df=76, p<0.001) as shown in Table 51. The measurement post-test practice scores for the 
treatment group were also significantly higher than the average for the control group (b=0.36, df=76, 
p<0.001) as shown in Table 52.

Using the same guidelines as described for the knowledge scores, the OPD had large effects on 
teachers’ fractions practice scores (      = 0.39), teachers’ algebraic thinking practice scores (      = 
0.26), and teachers’ measurement practice scores (       = 0.24).
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Table 50: ANCOVA Results for Teachers’ Fractions Practices Scale

Parameter F(1,76)
Coefficient 

(s.e.) T p-value Partial η2

Intercept 3.71 0.10 (0.36) 2.76 .058 .05

Covariate— 
Fractions  
Pre-Survey Score

37.17 0.79 (0.13) 6.10 <.001 .33

Treatment (1) v. 
Control (0) 48.25 0.58 (0.08) -6.95 <.001 .39

Table 51: ANCOVA Results for Teachers’ Algebraic Thinking Practices 
Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 43.91 2.24 (0.30) 7.51 <.001 .37

Covariate— 
Algebraic  
Thinking  
Pre-Survey Score

16.80 0.41 (0.10) 4.10 <.001 .18

Treatment (1) v. 
Control (0) 26.99 0.50 (0.10) -5.20 <.001 .26

Table 52: ANCOVA Results for Teachers’ Measurement Practices Scale

Parameter F(1,76)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 4.90 0.82 (0.28) 2.94 .030 .06

Covariate— 
Measurement  
Pre-Survey Score

59.11 0.88 (0.12) 7.69 <.001 .44

Treatment (1) v. 
Control (0) 23.90 0.36 (0.07) -4.89 <.001 .24
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Student Content Knowledge 

Table 53 shows the average percent correct and standard deviations for the three knowledge 
scales for treatment and control group students on the pre- and post-tests, as well as on the overall 
mathematics knowledge score. For each subject, the post-test scores for the treatment and control 
group were higher than the respective pre-test scores. The mean differences presented in Table 53 
show that the average change in the treatment group was larger than the average change in the 
control group. Based on the pre-to-post-test effect size, the standardized gains for the treatment 
group were larger than the standardized gains for the control group. The largest standardized pre-
to-post-test gain was observed on the fractions knowledge scale for the treatment group students 
(0.59 standard deviations). 

Table 53: Summary Statistics of Student Content Knowledge Scales

Subject Group†

Mean  
Pre-Test 

Score

Mean 
Post-Test 

Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Fractions 
Knowledge

Treatment 30% 
(SD=0.17)

48% 
(SD=0.24) 18% 0.59

Control 32% 
(SD=0.18)

46% 
(SD=0.25) 14% 0.45

Algebraic  
Thinking 
Knowledge

Treatment 43% 
(SD=0.23)

54% 
(SD=0.27) 11% 0.32

Control 45% 
(SD=0.23)

53% 
(SD=0.25) 8% 0.23

Measurement   
Knowledge

Treatment 50% 
(SD=0.20)

60% 
(SD=0.22) 10% 0.33

Control 51% 
(SD=0.20)

59% 
(SD=0.21) 8% 0.25

Overall ELA 
Mathematics  
Score

Treatment 42% 
(SD=0.16)

54% 
(SD=0.21) 12% 0.48

Control 44% 
(SD=0.16)

53% 
(SD=0.20) 9% 0.36

† NT=648 and NC=790

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation= 2 +PRESD 2

POSTSD
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Table 54 shows the effect sizes for the fractions, algebraic thinking and measurement content 
knowledge scales and the combined knowledge scale, calculated as the difference between the ad-
justed means for the post-test divided by the pooled standard deviation. According to the common-
ly accepted ranges for effect sizes (less than 0.2 is no effect, 0.2–0.3 is small effect, 0.3–0.5 is medium 
effect, 0.5 and higher is a large effect), the OPD had no measurable effect on fractions knowledge 
(0.09), algebraic thinking knowledge (0.07), measurement knowledge (0.06), and the overall math-
ematics knowledge combined score (0.10). 

Table 54: Effect Size Changes in Students’ Knowledge Scores

Knowledge in 
Subject Group†

Post-test  
Adjusted 

Means St. Dev.

Difference between 
Post-test  

Adjusted Means Effect Size*

Fractions  
Knowledge

Treatment 0.48 0.24
0.02 0.09

Control 0.46 0.24

Algebraic  
Thinking 
Knowledge

Treatment 0.54 0.27
0.01 0.07

Control 0.53 0.25

Measurement   
Knowledge

Treatment 0.60 0.22
0.01 0.06

Control 0.59 0.21

Overall  
Mathematics  
Knowledge

Treatment 0.54 0.21
0.01 0.10

Control 0.53 0.20

† NT=648 and NC=790

* The treatment-control group effect size difference between adjusted means was calculated by dividing the  
mean difference by the pooled standard deviation of post-test adjusted means. The pooled standard  
deviation=

Multilevel regression models were applied to estimate the treatment effects; that is, the impact 
of teacher assignment to the treatment or control group on student achievement. This type of analy-
sis was used to account for the nesting of students within randomly assigned teachers. A model 
was formulated for each of the post-test knowledge and practice scales to estimate the treatment ef-
fects. For each outcome, post-test scores were modeled as a function of the students’ pre-test scores 
(level-1) and as a function of teachers’ group membership (level-2). Again, prior to inclusion in the 
two-level model, students’ pre-test scores were adjusted for measurement error or unreliability (see 
the Cronbach’s alpha estimates for the student scales in Table 43, page 54). The results for the models 
predicting students’ post-test knowledge scores are presented in Table 55 (next page).

The results of the unconditional models in Table 55 indicate that there is a significant variation 
in students’ post-test knowledge scores between teachers. For the post-test knowledge scores, the 
intra-class correlation coefficients (ICCs) ranged from 0.26 for the fractions post-test scores to 0.32 
for the overall mathematics post-test scores. This indicates that between 26% and 32% of the total 
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variability on the post-test scores could be attributed to between teacher differences. These non-
zero ICCs in addition to the modest sample size, support the need for the use of hierarchical linear 
regression models to estimate the treatment effects. 

Table 55 presents the results of the analyses for the content knowledge scales and the overall 
mathematics scores. The results indicate the regression coefficient relating students’ overall mathe-
matics achievement to teachers’ membership in the experimental or control group was positive and 
statistically significant, (b=.032, t=2.23, df=77, p=0.028). Specifically, the students of the teachers in 
the treatment group were predicted to have significantly higher post-test scores than the students of 
the teachers in the control group, after controlling for pre-test scores. 

However, the regression coefficients associated with group membership were not significant 
predictors of students’ scores on the fractions scale (b=.04, t=1.61, df=77, p=0.111), the algebraic 
thinking scale (b=.02, t=1.03, df=77, p=0.305), or the measurement scale (b=.03, t=1.69, df=77, 
p=0.096). 
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Table 55:  Multilevel Models for Predicting Students’ Knowledge  
Post-test-Scores

Summary of Fifth Grade Mathematics Trial

In summary, the fifth grade mathematics trial provides evidence that a series of OPD courses 
that focus on teachers’ knowledge of instructional practices that target the development of alge-
braic thinking, fractions, and measurement skills had positive effects on teachers and their students. 
Specifically, analyses indicate that teachers who participated in the treatment group had, on aver-

Fractions Algebraic Thinking Measurement Overall Math Score

UncOnditiOnAl MOdel

Fixed 
Components

coeff. s.e. sig. coeff. s.e. sig. coeff. s.e. sig. coeff. s.e. sig.

.464 .015 <.001 .537 0.016 <.001 .595 .014 <.001 .537 .014 <.001

Random 
Components

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

W/in 
School

Betw. 
School ICC

.043 .015 .26 .051 0.018 .26 .035 .012 0.26 .029 .014 .32

cOnditiOnAl MOdel

coeff. s.e. sig. coeff. s.e. sig. coeff. s.e. sig. coeff. s.e. sig.

Intercept .446 .016 <.001 .525 .014 <.001 .582 .011 <.001 .521 .009 <.001

Student Measures

Pre-test 
Scores .702 .072 <.001 .881 .042 <.001 1.050 .059 <.001 1.105 .039 <.001

teacher Measures

Group 
(0=Cont, 
1=Treat)

.041 .026 0.111 .024 .023 .305 .028 .016 .096 .032 .014 .028

RAndOM cOMpOnentS

Residual Variance Residual Variance Residual Variance Residual Variance

W/in 
Schools .042

p<.001

.041

p<.001

0.029

p<.001

.019

p<.001Betw. 
Schools .009 .008 0.004 .003

total  
Residual .051 .049 0.033 .022

total 
Variance 
explained 
by the 
Model

11.76% 28.78% 30.97% 48.13%
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age, higher scores on the measures of instructional practices for algebraic thinking, fractions, and 
measurement than the teachers in the control group. The size of the effects was large for all three 
content areas. Analyses also indicate that, compared to the control group, participation in the OPD 
courses had statistically significant effects on teachers’ algebraic thinking, measurement, and overall 
mathematics knowledge scores, but did not have a significant effect on fractions knowledge scores. 
These effects were large for teachers’ overall knowledge of mathematics and measurement scores, 
medium for algebraic thinking scores, and small for knowledge of fractions. Analysis of student 
data indicates that there were changes in student content knowledge scores and that, compared to 
the control group, these changes were larger for students whose teachers participated in the OPD 
courses. These differences, however, were relatively small and were only statistically significant for 
the overall mathematics scores, but not for the sub-scales.
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Eighth Grade Mathematics Trial
Figure 4 lists the goals of the three eighth grade mathematics workshops. 

Figure 4: Eighth Grade Mathematics Workshop Goals

workshop:  Proportional Reasoning

Understand and identify different aspects of proportional reasoning.•	
Broaden repertoire of classroom tasks to develop students’ conceptual understanding of  •	
proportionality.
Develop and apply skills and tools for analyzing students’ thinking about proportionality.•	
Evaluate text and select words to study that are critical to proportional reasoning comprehension  •	
and frequently appear in a wide variety of texts.
Apply those skills and tools to a lesson on proportional reasoning that is appropriate to middle  •	
school students. 

workshop:  Functions 

Learn approaches to teaching functions using visual models.•	
Become familiar with strategies to help students develop a strong conceptual understanding of  •	
functions.
Become familiar with tasks that allow students to explore situations of both linear and non-linear  •	
functions that are approachable to middle school students.
Explore classroom tasks that allow students to make connections between multiple representations  •	
of functions (patterns, tables, graphs, and equations).
Develop strategies for generalizing a pattern or situation.•	
Explore the use of technology in supporting student learning about functions.•	

workshop:  Geometric Measurement  

Become familiar with relevant research in teaching geometric measurement in the middle grades.•	
Apply a protocol for analyzing student work for formative purposes.•	
Learn approaches to teaching geometric measurement that emphasize building both conceptual and •	
procedural knowledge. 

Sample

Table 56 (next page) displays the number of teachers who were recruited for the eighth grade 
study and the groups to which these teachers were assigned. In total, 199 teachers were recruited 
for the eighth grade study and randomly assigned to the treatment or control group (Table 56). 
Over the course of the study, 125 teachers (63% of the recruited sample) resigned from the study or 
failed to complete its requirements. Some of these teachers resigned because they were no longer 
eligible to participate in the study for reasons such as leaving the teaching profession or changing 
grade levels between the two academic years of the study (20 teachers, 10% of recruited sample). 
Other teachers did not complete one or more study requirement, had personal conflicts, or became 
uncommunicative and thus provided no reason for dropping out (105 teachers, 53% of recruited 
sample). Only data from those teachers who completed all the study requirements was included in 
the analysis. 

The study design called for each participating teacher to come from a different school, so that 
school-wide factors would not be confounded with the teacher-level effects of the OPD courses. 
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However, it sometimes happened that multiple teachers from the same school volunteered to par-
ticipate. When multiple teachers from the same school completed all the requirements of the study, 
one was randomly selected to have her data included in the analysis, while the data of the others 
was excluded. Three teachers (1% of the recruited sample) were removed from the analysis for this 
reason.

Thus, the analysis in this report is based on data from 71 teachers from different schools who 
completed all the study requirements: 28 treatment-group teachers and 43 control-group teachers.

Table 56: Number of Teacher Participants

Control 
Group

Treatment 
Group

Total Number 
of Teachers

Teachers Recruited 91 108 199

Teachers Excluded from Analysis for  
Ineligibility 9 11 20

Teachers Excluded for Incompletion 37 68 105

Teachers that Completed all  
Requirements but were Excluded  
for being from Multi-Teacher Schools

2 1 3

Final Sample 43 28 71

The sample included teachers from 13 states; the majority of the teachers taught in schools 
located in the South3, with a sizable fraction teaching in the Northeast, and a few in Midwestern or 
Western states. The geographic distribution of teachers was similar for the treatment and control 
groups, with a somewhat higher percentage of control group teachers teaching in Southern states 
(70% vs. 57% for the treatment group), but the difference was not statistically significant (χ2=2.043, 
df=3, p=0.564). About 42% of the teachers (35% of treatment group, 49% of control group) taught in 
Title-I funded schools; this difference in percentages was also not statistically significant (χ2=1.046, 
df=1, p=0.306). The largest proportion of control group teachers taught in rural schools2 (42%), 
while the largest proportion of control group teachers taught in suburban schools (42%); however, 
the difference in distribution between the treatment and control groups was not statistically signifi-
cant (χ2=2.229, df=3, p=0.526). 

Eighty-six percent of the teachers were female, and most self-identified as White and non-His-
panic. The teachers spanned a wide range of ages and years of teaching experience, with 49% of the 
control group teachers and 62% of the treatment group teachers having 10 or fewer years of teaching 
experience. All but one of the teachers in the sample held regular teaching certification, and 63% 
of them held Master’s Degrees. None of the differences in the distribution of these demographic 
variables between the treatment and control groups was statistically significant at the 0.05 level 
(gender: χ2=1.041, df=1, p=0.308; race: χ2= 4.912, df=3, p=0.178; ethnicity: χ2=2.245, df=1, p=0.134; 
age: χ2= 5.948, df=4, p=0.203; years of experience: χ2=0.483, df=1, p=0.487; certification: χ2=1.558, 
df=1, p=0.212; level of education: χ2 =3.719, df=3, p=0.293).
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To collect student outcome data, each teacher who participated in the study administered a 
pre-test and post-test to at least one class of his or her students. Only the data from students of the 
teachers included in the teacher sample was analyzed. Of the students of the included teachers, 
those who did not complete both the pre-test and the post-test were excluded from analysis; stu-
dents were considered to have completed a test if they answered at least 50% of the items on it. The 
student sample thus consists of 1,889 students who met these criteria for inclusion. 

Table 57: Number of Student Participants

Control 
Group

Treatment 
Group

Total Number 
of Students

Students of Teachers who Com-
pleted All Requirements 1,647 1,151 2,798

Students of Countable Teachers 
who Completed All Requirements 1,538 1,101 2,639

Students of Valid Teachers, who 
Completed More than 50% of  
Both Pre-Test and Post-Test

1,062 799 1,889

Of the 1,889 students, 52% were female. Their ages ranged from 12 to 16, with 78% of students 
being 13 years old and 16% being 14 years old. The distributions of gender and age were statistically 
similar in the treatment and control groups (gender: 7.765, χ2=0.265, df=1, p=0.697; age: χ2=8.537, 
df=5, p=0.129). Both groups predominantly self-reported as White (75% Treatment, 71% Control); 
the next-most-frequent racial categories were Black/African American (5% Treatment, 14% Con-
trol) and Multi-Racial (7% Treatment, 5% Control); 5% of the Treatment group and 3% of the Con-
trol group reported themselves as Hispanic/Latino; there were statistically significant differences 
in the racial and ethnic distribution of students in the two groups (race: χ2=45.595, df=7, p<0.001; 
ethnicity: χ2=7.765, df=2, p=0.021). About 4% of the students in each group did not speak English 
as their first language; there was no statistically significant difference between the treatment and 
control groups on this variable (χ2=0.243, df=1, p=0.622).

Instrumentation

The research study sought to measure the effects of participation in the OPD workshops on 
teachers’ content knowledge and pedagogical practices, and on their students’ end-of-year knowl-
edge of relevant mathematical concepts. The instruments used to collect teacher and student data 
were designed to correspond to the goals of each of the three workshops. Researchers designed 
items focused on the three focus content areas: proportional reasoning, geometric measurement, 
and functions. The workshop developers then reviewed all the items for accuracy of content and 
relevance to the goals of the workshop.

Data about teacher knowledge and practices were collected via surveys administered online. 
The teacher survey consisted of 65 knowledge questions, 46 questions about practices; it also in-
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cluded 17 questions about teachers’ beliefs about particular pedagogical practices and their self-
confidence about using those practices. 

The knowledge items were mostly open-response in which teachers explained mathematical 
concepts, described mathematics problems appropriate for particular purposes, or analyzed samples 
of student work; some of the proportional reasoning items asked teachers to identify whether or not 
the situation represented in a particular mathematics problem was proportional. The overall teacher 
knowledge scale comprised three content subscales: proportional reasoning, geometric measure-
ment, and functions (Table 58, next page). Individual knowledge items were worth varying numbers 
of points; some were scored 0–1, others 0–2 or 0–3. Unanswered items were given a score of 0. To 
create scale scores in which each item received equal weight, the score for each item was expressed 
as a proportion of the maximum points that could be gained: (points scored)/(maximum possible 
points). The score for each scale was calculated by adding the scores for each item in the scale, and 
dividing by the number of items on the scale. Thus, although each of the content sub-scales consists 
of a different number of items, each scale score is expressed as a percent-correct score. 

Practice items asked teachers to report the frequency with which they engaged in particular 
pedagogical practices (Table 58). Response options ranged from 1 to 4 (corresponding to Rarely, 
Sometimes, Frequently, Always). The score for each content scale is formed by calculating (total 
points scored)/(number of items in scale), so that the range of possible scores for each scale is 1–4. 
Unanswered items were not scored as 0 (incorrect), but were instead considered to be missing data. 
Before calculating teachers’ score for each measure, values for a small amount of missing practice 
responses (1.26%) were imputed using a stochastic regression model to predict the missing value for 
each variable based on the other variables in the content scale. 

Although there was some overlap in the pedagogical practices considered for each of the three 
content sub-domains (proportional reasoning, geometric measurement, and functions), there is no 
theoretical reason to assume that the content-specific practices encouraged by the OPD workshops 
all belong to a single, unified set of practices. Therefore, the items have not been combined into an 
overall mathematics practices scale. Instead, the three practice content scale scores are reported 
and analyzed separately. Reliability is a measure of the proportion of the variability in the observed 
score that is due to the true score variance. For these data, reliability was estimated using Cronbach’s 
alpha, which ranges from 0 to 1. It is desirable to have an alpha of at least 0.70. As displayed in Table 
58 (page 70), the overall mathematics knowledge scale, the proportional reasoning knowledge scale 
and the practice subscales had adequate reliability. However, the geometric measurement and func-
tions knowledge subscales had lower than optimal reliabilities ranging from 0.43 to 0.66. 
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Table 58: Number of Items and Sample Teacher Survey Items

Subject

Number 
of Items 
on the 

Pre- and 
Post- 

Surveys
Reliability 

(Cronbach’s α) Sample Item
Proportional  
Reasoning  
Knowledge

16 Pre-test: .71 
Post-test: .80

Describe one sample problem that 
helps students understand that 
ratios are composite units.

Geometric  
Measurement 
Knowledge

12 Pre-test: .43 
Post-test: .57

Explain why it is important for stu-
dents to understand why they need 
consistent units of measure when 
finding a measurement.

Functions 
Knowledge 37 Pre-test: .58 

Post-test: .66

Give one example of a non-linear 
function that is accessible and 
relatable to middle school students. 
Explain why you think it is appro-
priate for middle school students.

Overall  
Mathematics 
Knowledge

65 Pre-test: .82 
Post-test: .86

Proportional  
Reasoning  
Practices

29 Pre-test: .84 
Post-test: .88

I encourage my students to give 
both recursive (looking down the 
second column) and functional 
(looking across the rows) descrip-
tions of a pattern. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Geometric  
Measurement 
Practices

10 Pre-test: .77 
Post-test: .76

When teaching functions, I use 
physical representations of patterns 
linked to algebraic expressions. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Functions  
Practices 7 Pre-test: .95 

Post-test: .95

I analyze student work to look for 
evidence of their understanding of 
the use of square units to measure 
area. 
a. Always           b. Frequently  
c. Sometimes    d. Rarely

Student outcome data were collected by administering a pre- and post-test to the students of 
teachers in the treatment and control groups. Each participating teacher administered the pre-test 
to at least one class of students in the fall of the second year of participation in the study, as close 
to the start of academic year as possible. For the treatment-group teachers, this was after they had 
attended one of the three OPD workshops but before classroom instruction had taken place. The 
same students took the post-test in the spring of that year. Like the teacher surveys, the student tests 
were administered online.
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The student instruments were designed to measure students’ learning of the specific content 
areas addressed by the OPD workshops. Each instrument consisted of 16 proportional reasoning 
items, 10 geometric measurement items, and 10 functions items. All the items were in multiple-
choice format, with 4 response options. Like the teacher knowledge scale, the overall student knowl-
edge scale contains subscales for proportional reasoning, geometric measurement, and functions 
(Table 59). All of the items were scored 0–1. The score for each scale is calculated as the propor-
tion of (points earned) to (total items in the scale), and is therefore expressed as a percent-correct 
score.

Table 59 shows the number of items on each scale and the reliabilities of the scales. The reli-
abilities of the subscales scales were lower than minimally optimal. However, the reliability for the 
test as a whole was 0.70 for the pre-test and 0.76 for the post-test. 

Table 59: Number of Items and Sample Student Test Items

Subject
Number 
of Items

Reliability 
(Cronbach’s α) Sample Item

Proportional  
Reasoning 
Knowledge

16 Pre-test: .50 
Post-test: .54

Cup A and Cup B are the same 
size. Cup A is full of water. Cup B is 
half full of water. One spoonful of 
sugar was added to Cup A and one 
spoonful of sugar was added to Cup 
B. Which of the following is true?
  a. Cup A is sweeter than Cup B
  b. Cup B is sweeter than Cup A
  c. Cup A and Cup B have the  

  same sweetness
  d. You cannot tell from the  

  information given.

Geometric  
Measurement 
Knowledge

10 Pre-test: .49 
Post-test: .64

You have 72 feet of fencing and 
you want to use it to make a pen 
for your new puppy. You want to 
use all 72 feet of fencing to make 
a pen with the maximum area for 
your puppy to play in. Which of the 
following dimensions will give you 
the maximum area of space for your 
puppy?
  a. 4 feet by 32 feet
  b. 10 feet by 26 feet
  c. 16 feet by 20 feet
  d. 18 feet by 18 feet

  (continued, next page)
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Table 59: Number of Items and Sample Student Test Items (continued)

Subject
Number 
of Items

Reliability 
(Cronbach’s α) Sample Item

Functions 
Knowledge 10 Pre-test: .41 

Post-test: .44

Which of the following patterns is a 
function?
Pattern 1  Pattern 2
X  2  4  6  8 X  2  4  6  8
Y  7  13 19 25 Y  1  13  33 61
  a. Pattern 1 only
  b. Pattern 2 only
  c. Both Pattern 1 and Pattern 2
  d. Neither Pattern 1 nor  

   Pattern 2
Overall  
Mathematics 
Knowledge

36 Pre-test: .70 
Post-test: .76

Results

Teacher Content Knowledge

Table 60 (next page) shows the average percent correct and standard deviations of teachers’ 
scores on the three knowledge content scales and the overall mathematics knowledge scale bro-
ken out by control and treatment group. Despite the random assignment of teachers to treatment 
conditions, the average teacher pre-test score on each scale was higher in the treatment group than 
in the control group; however, according to an independent-samples t-test, only the difference in 
functions pre-test scores was significant at the 0.05 level (t=1.500, df=69, p=0.138 for the overall 
mathematics knowledge score; t=0.657 , df=69, p=0.514 for the proportional reasoning subscale; 
t=1.342, df=69, p=0.184 for the geometric measurement subscale; t=2.624, df=69, p=0.011 for the 
functions subscale).

The treatment group’s average percent correct on each post-test scale was higher than on the 
corresponding pre-test; a paired-samples t-test showed that only the differences for proportional 
reasoning and the overall mathematics knowledge scale were significant at the 0.05 level (t=2.685, 
df=27, p=0.012 for the overall mathematics score; t=2.440 df=27, p=0.022 for the proportional rea-
soning subscale; t=1.636, df=27, p=0.113 for the geometric measurement subscale; and t=0.381, 
df=27, p=0.706 for the functions subscale). The average post-test scores for the control group were 
higher than the corresponding pre-test averages for the proportional reasoning and functions sub-
scales. For the geometric measurement subscale, the average post-test score for the control group 
was lower than the pre-test average. There was no significant difference between pre- and post-test 
averages for the control group on the overall mathematics knowledge scale; none of these differenc-
es were statistically significant at the 0.05 level (t=0.139, df=42, p=0.890 for the overall mathematics 
knowledge score; t=0.628, df=42, p=0.533 for the proportional reasoning subscale; t=–0.658, df=42, 
p=0.514 for the geometric measurement subscale; and t=0.820, df=42, p=0.417 for the functions 
subscale). 
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Table 60: Summary Statistics of Teacher Knowledge Scales

Subject Group†

Mean  
Pre-Test 
Score‡

Mean 
Post-Test 

Score‡

Pre- to-Post 
Mean  

Difference*
Pre-to-Post 
Effect size**

Proportional  
Reasoning  
Knowledge

Treatment 41% 
(SD=0.09)

46% 
(SD=0.13) 5% 0.32

Control 39% 
(SD=0.08)

40% 
(SD=0.09) 1% 0.06

Geometric  
Measurement  
Knowledge

Treatment 41% 
(SD=0.10)

47% 
(SD=0.17) 6% 0.28

Control 36% 
(SD=0.16)

34% 
(SD=0.16) –2% –0.09 

Functions  
Knowledge

Treatment 47% 
(SD=0.13)

49% 
(SD=0.17) 2% 0.08

Control 37% 
(SD=0.19)

40% 
(SD=0.20) 3% 0.11

Overall  
Mathematics  
Knowledge Score

Treatment 42% 
(SD=0.10)

46% 
(SD=0.11) 5% 0.30

Control 38% 
(SD=0.10)

38% 
(SD=0.11) 0% 0.01

† NT=28 and NC=43

* Any discrepancies between the reported Mean Difference and the difference in the reported Pre and Post scores are due 
to rounding error; Mean Differences and Effect Sizes were calculated from un-rounded raw scores.

** The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

For the proportional reasoning and geometric measurement sub-scales, and the overall math-
ematics knowledge scale, the pre-to-post score gain for the treatment group was higher than that of 
the control group, with treatment-group effect sizes ranging from 0.28 to 0.32 standard deviations 
and negligible effect sizes for the control group. On the functions sub-scale, the pre-to-post gain for 
the control group was higher (effect size 0.11 standard deviations); the treatment group’s effect size 
was negligible.

Tables 61–64 (pages 74–75) show the results of the ANCOVA models for teacher scores on the 
mathematics total scale and the three content-specific sub-scales8. Keppel and Wickens (2004) sug-
gest the following guidelines for interpreting     : 0.01–0.05 is a small effect, 0.06–0.14 is a medium 
effect, and above 0.14 is a large effect. According to this rule of thumb, the OPD had a medium effect 
on teachers’ overall mathematics knowledge scores (    = 0.074). The effect was small for teachers’ 
proportional reasoning scores (     = 0.050), geometric measurement scores (     = 0.045), and teach-
ers’ functions scores (      = 0.001). However, the effect for the overall mathematics knowledge scale 
was statistically significant (b=0.042, df=1,68, p=0.023).
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Table 61: ANCOVA Results for Teacher Overall Mathematics Knowledge 
Scale

Parameter F(1,68)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 0.038 0.031 (0.048) 0.640 <.001 .002

Covariate— 
Overall  
Mathematics  
Pre-test Score

86.841 1.034 (0.11) 9.319 <.001 .561

Treatment (1) v. 
Control (0) 5.413 0.042 

(0.018) –2.327 .023 .074

Table 62: ANCOVA Results for Teacher Proportional Reasoning  
Knowledge Scale

Parameter F(1,68)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 0.015 0.012 (0.071) .175 .862 .000

Covariate— 
Proportional  
Reasoning  
Pre-Survey Score

41.281 1.095 (0.170) 6.425 .000 .378

Treatment (1) v. 
Control (0) 3.611 0.042 (0.022) –1.900 .062 .050

Table 63: ANCOVA Results for Teacher Geometric Measurement  
Knowledge Scale

Parameter F(1,68)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 0.025 0.018 (0.11) .157 .876 .001

Covariate— 
Geometric  
Measurement  
Pre-test Score

16.749 1.103 (0.270) 4.093 .000 .198

Treatment (1) v. 
Control (0) 3.199 0.070 (0.039) –1.789 .078 .045
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Table 64: ANCOVA Results for Teacher Functions Knowledge Scale

Parameter F(1,68)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 2.226 0.140 (0.105) 1.334 .187 .031

Covariate— 
Functions   
Pre-test Score

12.162 0.733 (0.210) 3.487 .001 .152

Treatment (1) v. 
Control (0) 0.100 0.015 (0.047) –.315 .753 .001

Teacher Instructional Practices

Table 65 (next page) shows the means and standard deviations for the control and treatment 
group teachers’ scores on the three practice content scales. Independent samples t-tests showed no 
statistically significant difference in average pre-test scores on any of the practice content scales 
for the treatment and control groups (t=0.40, df=69, p=0.968 for the proportional reasoning scale; 
t=1.446, df=69, p=0.153 for the geometric measurement scale; and t=0.149, df=69, p=0.882 for the 
functions scale). None of the pre-to-post score differences for the control group were statistically 
significant, and the mean post-test score on the proportional reasoning practices scale was actu-
ally lower than the pre-test mean (t=–1.396, df=42, p=0.170 for the proportional reasoning scale; 
t=0.211, df=42, p=0.834 for the geometric measurement scale; and t=0.333, df=42, p=0.741 for the 
functions scale). 

For the treatment group, the post-test score was higher than the pre-test score for each scale; 
effect sizes (calculated as the difference in means divided by the pooled standard deviation) were 
sizable, ranging from 0.42 to 0.58 standard deviations, and these differences were significant at the 
0.01 level (t=3.120, df=27, p=0.004 for the proportional reasoning scale; t=4.523, df=27, p<0.001 for 
the geometric measurement scale; and t=5.683, df=27, p<0.001 for the functions scale). For all three 
practice content sub-scales, the pre-to-post gain in mean score for the treatment group was higher 
than that of the control group (by approximately half a standard deviation).
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Table 65: Summary Statistics of Teacher Practice Scales

Subject Group†
Mean Pre-Test 

Score ‡
Mean Post-Test 

Score ‡

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Proportional 
Reasoning  
Practices

Treatment 2.68 
(SD=0.42)

2.91 
(SD=0.37) 0.24 0.42

Control 2.67 
(SD=0.46)

2.57 
(SD=0.51) –0.10 –0.14

Geometric  
Measurement 
Practices

Treatment 2.60 
(SD=0.45)

2.88 
(SD=0.40) 0.29 0.48

Control 2.75 
(SD=0.42)

2.76 
(SD=0.41) 0.02 0.03

Functions 
Practices

Treatment 2.54 
(SD=0.48)

2.90 
(SD=0.39) 0.36 0.58

Control 2.56 
(SD=0.52)

2.58 
(SD=0.52) 0.02 0.03

† NT=28 and NC=43

‡ min=1, max=4

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

The ANCOVA results showed significant treatment effects for all three scales, after controlling 
for differences in pre-test scores (Tables 66–68, pages 76–77)8. Effect sizes were large for the propor-
tional reasoning practices scale (      = 0.156) and the functions practices scale (     = 0.207) scales, 
and moderate for the geometric measurement practices scale (      = 0.082). 

Table 66:  ANCOVA Results for Teacher Proportional Reasoning  
Practices Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 7.398 1.192 (0.344) 3.460 <.001 .270

Covariate— 
Proportional  
Reasoning  
Pre-Survey Score

26.257 0.644 (0.126) 5.124 <.001 .279

Treatment (1) v. 
Control (0) 12.534 0.338 

(0.095) –3.540 .001 .156

ηp
2

ηp
2

ηp
2

2 +PRESD 2
POSTSD



inTASC REPORT: e-Learning for Educators: Findings, June 2010
78

Table 67:  ANCOVA Results for Teacher Geometric Measurement  
Practices Scale

Parameter F(1,68)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 10.542 1.263 (0.336) 3.755 .000 .178

Covariate— 
Geometric  
Measurement 
Pre-Survey Score

24.179 0.624 (0.127) 4.917 .000 .262

Treatment (1) v. 
Control (0) 6.034 0.215 

(0.088) –2.456 .017 .082

Table 68:  ANCOVA Results for Functions Practices Scale

Parameter F(1,107)
Coefficient 

(s.e.) t p-value Partial η2

Intercept 10.866 1.051 (0.218) 4.819 <.001 .628

Covariate— 
Functions  
Pre-Survey Score

78.195 0.727 (0.082) 8.843 <.001 .535

Treatment (1) v. 
Control (0) 17.713 0.334 

(0.079) –4.209 <.001 .207

Student Content Knowledge

Table 69 (next page) shows the average percent correct and standard deviations of the three 
knowledge scales for treatment and control group students on the pre- and post-tests, as well as on 
the overall mathematics knowledge score. With the exception of the proportional reasoning knowl-
edge scale, the post-test scores for the treatment and control group were higher than the respective 
pre-test scores. The mean differences presented in Table 68 show that the average change in the 
treatment group was larger than the average change in the control groups. Based on the pre-to-post-
test effect size, the standardized gains for the treatment group were larger than the standardized 
gains for the control group. The largest standardized pre-to-post gain was observed on the function 
knowledge scale for the treatment group students (0.39 standard deviations). 
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Table 69:  Summary Statistics of Student Mathematics  
Knowledge Scales

Subject Group†
Mean  

Pre-Test Score
Mean 

Post-Test Score

Pre- to-Post 
Mean  

Difference 
Pre-to-Post 
Effect size*

Proportional  
Reasoning  
Knowledge

Treatment 59% 
(SD=0.15)

58% 
(SD=0.16) –1% –0.04

Control 56% 
(SD=0.16)

56% 
(SD=0.16) 0% 0.00

Geometric  
Measurement  
Knowledge

Treatment 43% 
(SD=0.19)

47% 
(SD=0.23) 4% 0.18

Control 40% 
(SD=0.19)

43% 
(SD=0.22) 3% 0.14

Functions  
Knowledge

Treatment 43% 
(SD=0.17)

52% 
(SD=0.17) 9% 0.39

Control 40% 
(SD=0.17)

48% 
(SD=0.16) 8% 0.34

Overall  
Mathematics  
Knowledge

Treatment 50% 
(SD=0.13)

53% 
(SD=0.14) 3% 0.15

Control 47% 
(SD=0.13)

49% 
(SD=0.14) 2% 0.10

† NT=700 and NC=1090

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of pre- and 
post-test scores. The pooled standard deviation=

Table 70 (next page) shows the effect sizes for the differences in post-test means, adjusted for 
pre-test means, for the three student content knowledge scales and the overall mathematics knowl-
edge scale. Effect sizes were calculated as the difference between the post-test adjusted means, di-
vided by the pooled standard deviation. According to the commonly accepted ranges for effect sizes 
(less than 0.2 is no effect, 0.2–0.3 is small effect, 0.3–0.5 is medium effect, 0.5 and higher is a large 
effect), the OPD had no measurable effect on student scores on any of the scales.

2 +PRESD 2
POSTSD
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Table 70: Effect Size Changes for Student Knowledge Scores

Knowledge in 
Subject Group†

Post-test  
Adjusted 

Mean St. Dev.

Difference 
between Post-
Test Adjusted 

Means Effect Size*
Proportional  
Reasoning  
Knowledge

Treatment 0.573 0.01
0.008 0.04

Control 0.564 0.01

Geometric  
Measurement  
Knowledge

Treatment 0.458 0.01
0.024 0.07

Control 0.435 0.01

Functions  
Knowledge

Treatment 0.512 0.01
0.032 0.01

Control 0.480 0.01
Overall  
Mathematics  
Knowledge

Treatment 0.520 0.01 
0.012 0.06

Control 0.508 0.01

† NT=700 and NC=1090

* The pre-to-post effect size was calculated by dividing the mean difference by the pooled standard deviation of  
pre- and post-test scores. The pooled standard deviation=

Multilevel modeling was used to construct predictive models for student post-test scores on 
each of the content scales and the overall mathematics knowledge scale. This type of analysis was 
used to account for the nesting of students within randomly assigned teachers. A model was formu-
lated for each of the post-test knowledge and practice scales to estimate the treatment effects. For 
each outcome, post-test scores were modeled as a function of the students’ pre-test scores (level-1) 
and as a function of teachers’ group membership (level-2). Again, prior to inclusion in the two-level 
model, students’ pre-test scores were adjusted for measurement error or unreliability (see the Cron-
bach’s alpha estimates for the student scales in Table 59, pages 71–72). The results for the models 
predicting students’ post-test knowledge scores are presented in Table 71 (next page).

The results of the unconditional models in Table 71 indicate that there is a significant variation 
in students’ post-test knowledge scores between teachers. For the post-test knowledge scores, the 
intra-class correlation coefficients (ICCs) ranged from 0.24 for the proportional reasoning post-test 
scores to 0.36 for the overall mathematics post-test scores. This indicates that between 26% and 36% 
of the total variability on the post-test scores could be attributed to between teacher differences. 
These non-zero ICCs in addition to the modest sample size, support the use of hierarchical linear 
regression models to estimate the treatment effects.

The fixed coefficients in Table 71 indicate statistically significant positive effects associated with 
the teachers’ membership in the treatment or control group for students’ overall mathematics knowl-
edge scores, geometric measurement knowledge scores and functions knowledge scores (b=0.030, 
p=0.017; b=0.052, p=0.024, and b=0.041, p=0.034, respectively). The coefficients indicate that after 
controlling for students’ pre-test scores, students in the treatment group were predicted to have sta-
tistically significant higher overall mathematics knowledge scores, and geometric measurement and 

2 +POST,TreatmentSD 2
POST,ControlSD
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functions knowledge scores than students in the control group. The coefficients representing the 
comparisons between treatment and control groups for the proportional reasoning post-test scores 
were not statistically significant different from zero after controlling for the pre-test measures. 

Table 71: HLM Results for Student Knowledge Outcome Measures

Overall Mathematics 
Score

Proportional  
Reasoning

Geometric 
Measurement Functions

UNCONDITIONAL MODEL

Fixed 
Components

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

0.504 0.01 <.001 0.539 0.01 <.001 0.454 0.02 <.001 0.497 0.01 <.001

Random 
Components

W/in 
Teacher

Betw. 
Teacher ICC

W/in 
Teacher

Betw. 
Teacher ICC

W/in 
Teacher

Betw. 
Teacher ICC

W/in 
Teacher

Betw. 
Teacher ICC

0.014 0.008 0.36 0.019 0.006 0.24 0.037 0.016 0.30 0.022 0.008 0.27

CONDITIONAL MODEL

Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig. Coeff. s.e. sig.

Intercept 0.496 0.01 <.001 0.536 0.01 <.001 0.440 0.01 <.001 0.480 0.01 <.001

Student Measures

Pre-test 
Scores 0.381 0.02 <.001 0.263 0.02 <.001 0.329 0.02 <.001 0.205 0.02 <.001

Teacher Measures

Group 
(0=Cont, 
1=Treat)

0.030 0.01 0.017 0.023 0.01 0.108 0.052 0.02 0.024 0.041 0.02 0.034

RANDOM COMPONENTS

Residual Variance Residual Variance Residual Variance Residual Variance

W/in  
Teachers 0.010

p<.001

0.017

p<.001

0.031

p<.001

0.020

p<.001Betw.  
Teachers 0.002 0.003 0.007 0.005

Total  
Residual 0.012 0.020 0.038

Uncon-
ditional  
Variance 
Explained

46% 20% 29% 16%
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Summary of Eighth Grade Mathematics Trial

In summary, the eighth grade mathematics trial provides evidence that a series of OPD courses 
that focus on teachers’ knowledge of instructional practices that target the development of pro-
portional reasoning, geometric measurement, and functions has a positive effect on teachers and 
their students. Specifically, analyses indicate that teachers who participated in the treatment group, 
on average, had higher scores on the measures of instructional practices for proportional reason-
ing, geometric measurement, and functions than the teachers in the control group. The size of the 
effects was large for proportional reasoning and functions, and moderate for geometric measure-
ment. Analyses also indicate that, compared to the teachers in the control group, participation in 
the OPD courses had a larger effect on proportional reasoning, geometric measurement, and overall 
mathematics knowledge scores, and that the effect for the overall mathematics knowledge scores 
was statistically significant. The effect for overall mathematics scores was moderate, and small for 
proportional reasoning, geometric measurement, and function scores. Analysis of student data in-
dicates that there were changes in student content knowledge scores and that these changes were 
larger for students whose teachers participated in the OPD courses. These differences were relatively 
small, and statistically significant for geometric measurement, functions, and overall mathematics 
scores, but not for proportional reasoning.
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Discussion
The study presented here examined the effect that a series of three OPD courses had on teacher’s 

knowledge and instructional practices, and subsequent effects on student achievement. In an effort 
to examine the extent to which findings from one content area or within one grade level generalized 
to other content areas or grade levels, the study presented here was designed as a set of four inde-
pendent randomized trials. Two trials focused on mathematics instruction and two on language arts 
instruction. The two mathematics trials focused on grades five and eight, while the two language 
arts trials focused on grades four and seven. For each trial, teachers who volunteered to participate 
in the study were randomly assigned to the treatment or control group. Teachers assigned to the 
treatment group then participated in a set of three OPD workshops, each lasting for seven weeks. 

Collectively, the four trials provide strong evidence that participation in a coordinated series of 
three OPD workshops has positive effects on teachers’ instructional practices and content knowl-
edge. Across all four trials, larger changes in instructional practices occurred for teachers in the 
treatment group. In many cases, the effect of the OPD workshops on instructional practices was 
large. Across all four trials, larger changes in teacher content knowledge also occurred for teachers 
in the treatment group. In most cases, the size of the effect was medium or large. 

Each trial also provides evidence that participation in a coordinated set of three OPD workshops 
also has effects on students of the teachers in the workshops. Although these effects are smaller and 
occur less consistently across all the sub-domains targeted by the courses, in each trial, a statistically 
significant effect was found for at least one student measure. This is noteworthy given the timing of 
the collection of student outcome measures. For each trial, student measures were collected within 
weeks after teachers completed the final workshop. Moreover, two of the three workshops were 
completed during the same year in which student measures were collected. This timing provided 
very little time for teachers to alter their practices, become comfortable with these practices, and 
subsequently tailor these practices to their teaching style and the needs of their students. In addi-
tion, in some cases, students were likely exposed to content that was targeted by the workshops 
prior to the teacher’s completion of the workshop. Given these limitations, the changes in student 
outcomes is noteworthy.

Although this is the largest set of randomized trials conducted to date that link effects of OPD to 
teacher knowledge, teacher practices, and, most importantly, student outcomes, there are important 
limitations to this study. First, as noted above, little time existed between the treatment and the out-
come measures, which may have resulted in an underestimate of the effects on student outcomes. 
Second, while many of the data collection instruments had adequate levels of reliability, some did 
not. The weaker reliability of some instruments likely had a negative impact on estimates of the ef-
fects of the OPD courses. It is interesting to note that the outcomes that showed the strongest effects 
were measured with instruments that had higher levels of reliability. Third, despite providing teach-
ers with a moderate stipend and free access to OPD (teachers in the control group were allowed to 
take each workshop free of charge upon completion of the study), a large number of participants did 
not persist through the full study. While the number of teachers completing each trial was sufficient 
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for data analyses, it is possible that effects may have differed for teachers who dropped out versus 
those who persisted. Such differences may bias the estimates reported here.

Despite these shortcomings, the set of four randomized trials presented here provide a body of 
evidence that a series of on-line professional development courses that target specific student learn-
ing needs can have positive effects on teacher knowledge and instructional practices. Importantly, 
this study provides a body of evidence that teachers’ participation in a coordinated series of OPD 
courses have effects that translate into improvements in targeted student outcomes. While further 
research is warranted to better understand the design features that maximize the effects of OPD and 
which explore the effects across a broader range of content areas and grade levels, the findings from 
this study support the continued implementation of online professional development similar to that 
developed and delivered in the e-Learning for Educators project.
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Endnotes
1 While the efe Project began as an eight-state initiative, and is currently a ten-state initiative, 

teachers from several additional states participated in the randomized trials.

2 Locales defined by the National Center for Education Statistics Common Core of Data:  
http://nces.ed.gov/ccd/.

3 Regions defined by the United States census: http://www.census.gov/geo/www/us_regdiv.pdf.

4 For ANCOVA analyses, an initial model included the interaction between the pre-score and 
the treatment group. If this interaction was not statistically significant, it was removed from 
the model.

5 The adjusted pre-test scores were calculated using the formula Xadj = X + r(X – X) 
where r is the reliability of the pre-test measure, in this case, Cronbach’s alpha (see Table 3,  
24, 42, and 58 for the reliability of grades 4, 7, 5, and 8, respectively). The corrections for  
treatment and control groups were made separately.

6 Practice items were survey-style items using a three-point Likert-style scale. Students who  
did not answer at least one practice item on a single instrument (e.g., vocabulary practice) 
were discarded from the analysis of that instrument. Thus, the sample sizes differ for the  
each practice instrument.

7 On the administered knowledge instrument, there were actually 27 items (13 vocabulary,  
10 reading comprehension, and 4 writing). However, specific items were removed because 
they were negatively correlated with the other items on that scale or they contributed to low 
reliability. Thus, the analysis in this report presents the results for the number of items listed  
in Table 24.

8 For seventh grade teachers’ vocabulary practices, the interaction was statistically significant, 
and thus was included in the ANCOVA model.

http://nces.ed.gov/ccd/
http://www.census.gov/geo/www/us_regdiv.pdf
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