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A brief overview of the development of an online system to support algebra progress monitoring across several years of an iterative process of development, feedback, and revision is provided. Online instructional modules addressed progress monitoring concepts and procedures; administration and scoring of three types of algebra measures, including teacher accuracy with scoring; and navigation and use of the online data management system, including data entry, graphing, and skills analyses. In the final year of this federally funded research project, a test of the functionality of the completed system as well as an evaluation of teachers’ knowledge, accuracy, and satisfaction with the online professional development was evaluated. Specifically, 29 general and special education secondary school teachers completed 11 fully developed online instructional modules independently and administered weekly two of three types of algebra measures across 10 weeks with one of their classes of students. Data analysis included teacher accuracy in the scoring of the measures; change in their knowledge of student progress monitoring and data-based decision making; and teacher satisfaction with the online system, including instructional content, feasibility, and usability for data-based decision making. Directions for future research and implications for classroom use of this online system are discussed.
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Introduction

Progress monitoring is an essential component of data-based decision making (Espin et al., 2017). Progress data help teachers to pinpoint students throughout the year whose response to their mathematics program appears insufficient to meet year-end instructional benchmarks or goals. Research corroborates that teachers who use progress monitoring to make instructional decisions, that is, teachers who revise student instruction when their data reveal inadequate progress, effect greater achievement than among students whose teachers use their own methods of assessment (Stecker et al., 2005, for review). For teachers to use data-based decision making effectively, however, they need to be knowledgeable users of technically sound progress data. Espin et al. (2017, 2021a), Wagner et al. (2017) demonstrated that teachers have difficulty, however, in using progress data for instructional decision making. Moreover, instructional supports, such as graphs with prompts about applying decision-making rules, student skills profiles illustrating levels of mastery by problem types, and consultation (in person or system-generated recommendations) may be needed to support teachers’ effective use of data (Stecker et al., 2005; Jung et al., 2018; Fuchs et al., 2021). Professional development (PD) materials may include information, directions, and examples to support teachers’ and preservice teachers’ knowledge and skill acquisition in a particular domain. Espin et al. (2021b) examined available PD materials related to progress monitoring using curriculum-based measurement and coded content in four areas: general information, conducting progress monitoring, data-based decision making, and other. They found that data-based decision making was not addressed as much as the other topics and recommended that greater consideration be devoted to this area in future PD materials. The current PD project focused on progress monitoring in algebra. This fully online PD included general content about progress monitoring, information about conducting progress monitoring in algebra, and several features related to data-based decision making.

Although several conceptually based measures exist for algebra readiness (e.g., see Helwig et al., 2002; Ketterlin-Geller et al., 2015 for sample items and description), few technically sound measures are available for secondary mathematics in algebra. Foegen et al. (2017) have developed and established the technical adequacy of three types of progress monitoring measures for algebra (Espin et al., 2018; Genareo et al., 2019). Like learning rules and applying decisions for scoring some of the elementary-level reading (e.g., knowing types of miscues that count as errors in oral reading) and mathematics measures (e.g., scoring digits correct in answers), the content and scoring of the algebra measures requires explicit instruction to ensure accuracy, or reliability, of scoring and fidelity of implementation. For example, with the algebra measures, students construct written responses, and teachers score written papers, making judgments about whether answers are mathematically equivalent. One type of measure requires examination of student work on the item solution to determine whether partial credit should be awarded if the final answer is incorrect, but part of the solution is appropriate for reaching a correct answer. Because of teacher judgment involved in progress monitoring, accuracy in scoring and fidelity of implementation are critical for effective data-based decision making. In response to interest in the measures, a professional development (PD) workshop was created in 2008 for practitioners and delivered in-person, most often with the PD staff going to the practitioners. While the in-person PD option increased access to the algebra progress monitoring measures, it was not feasible or cost-effective for individual teachers or for small districts, including those in more remote areas. The Professional Development for Algebra Progress Monitoring project was funded to address this need (Foegen and Stecker, 2009-2012). Over the course of 5 years, the research team worked with secondary teachers to develop, revise, and test an online PD system to make algebra progress monitoring accessible and efficient. In this paper, we describe briefly the development and features of the online system and the research results during the final year of the project on teachers’ learning and their use of the system. Specifically, we examined whether teachers (a) could learn critical content about algebra progress monitoring from the online professional development and (b) be able to use the online system accurately and efficiently. Researchers also examined teacher satisfaction data about the system’s content, navigation, feasibility, and usability.



Materials and methods


Algebra progress monitoring measures

The PD online system was developed to support three algebra progress monitoring measures (Algebra Basic Skills, Algebra Foundations, and Algebra Content Analysis) that had been developed during a previously funded project, Algebra Instruction and Assessment: Meeting Standards (AAIMS; Foegen, 2004-2007). During the earlier AAIMS grant, an iterative development process that incorporated teacher input, student data collection, statistical analyses to examine technical adequacy, and teacher feedback on the results was used over 4 years to refine and test five alternative algebra measures designed to reflect Pre-Algebra and Algebra 1 content typically addressed in grades 7−12. Based on our design and technical adequacy criteria, three of the five types of algebra measures were deemed acceptable for dissemination (Foegen et al., 2017; Espin et al., 2018; Genareo et al., 2019). Each of these three AAIMS measures had been based upon principles of curriculum-based measurement (Deno, 1985) that incorporated use of alternate forms of systematic sampling of core algebra skills or problem types that related to success in algebra, along with standardized administration and scoring procedures. Assessments were completed as relatively brief, timed paper/pencil tasks, either individually or as a whole class. Teachers scored the measures using the same scoring guidelines implemented in the research that established evidence of technical adequacy. Twelve parallel forms were developed for each of the three types of AAIMS measures. The three measures: Algebra Basic Skills, Algebra Foundation, and Algebra Content Analysis, originally developed through the AAIMS grant, became the foundation for the current PD project that focused on teachers’ acquisition of progress monitoring knowledge as well as data management associated with administration, scoring, and decision making for a group of their own students. These measures differed in the algebra skills addressed as well as the format used, which is described in Foegen et al. (2008). Images of the entire first page of each of the three types of algebra measures used in this study are included in Supplementary materials 1–3.



Development of the professional development online system

The online system for the current project was developed using an existing tool (i.e., ThinkSpace1) to support case-based and critical thinking instruction in higher education (Danielson et al., 2007; Bender and Danielson, 2011; Kruzich, 2013; Wolff et al., 2017). The PD system included two hubs, which are separate features of the system navigable to and from the homepage. One hub comprises the teacher PD; the other hub organizes the data management activities for entering and scoring student data and for tracking progress. Researchers worked with the developer of this platform to adapt the original tool, first creating six asynchronous modules in the PD hub to support teacher learning about algebra progress monitoring and then creating the data management hub with five asynchronous modules to support teachers’ management, review, and decision making using graphed progress monitoring data and diagnostic tools.

The content for the first six PD modules mirrored the content for the in-person workshop for practitioners and incorporated multimedia presentations of information (i.e., videos, transcripts) and interactive activities. Within each online module, interactive activities included self-check questions where user answers were followed by expert responses for comparison. All three modules that provided instruction on administration and scoring for each of the three types of algebra progress monitoring measures used a simulated administration of the measures that teachers completed to better understand the student experience. In addition, teachers engaged in scoring exercises in which the modules guided teachers through scoring procedures and provided samples of student work to score as well as an answer key. At the conclusion of each of these modules about the algebra measures, teachers completed a check-out exercise of their scoring accuracy that included automated evaluation of their scoring responses for a completed sample student paper. Teachers were required to achieve at least 90% accuracy in scoring before continuing with the next module. Additional feedback and practice opportunities were available within the system as well as additional testing opportunities to meet the criterion of 90% accuracy if it was not reached on the first attempt. Following the modules about administration and scoring, we used the same format and approach to develop five new modules to help teachers learn about the online system’s data management and decision-making features. Teachers completed all modules asynchronously at times convenient to them. The online PD modules listed the duration of the videos on each page; total module video time ranged from just under 9 to 34.33 mins (for the Algebra Content Analysis module that involved partial credit scoring based on a rubric). Total video time for the 11 modules was 2.59 h; we estimated additional time for teachers to complete activities within each module would add approximately two additional hours for a total time of 4.5−5.0 h.

Prior to the current study, we used an iterative development process across 4 years that included two rounds of “in-house” testing completed by undergraduate preservice teachers or graduate students in mathematics education or special education, followed by testing with four cohorts of teacher participants. Holistic ratings and page-by-page comments were gathered to obtain users’ views, and they provided feedback on the content, clarity, visual appeal, and usability of each module. Researchers used this feedback to make refinements to the system and to test the extent to which the system functioned as intended. Although new modules were developed sequentially with several added as each new teacher cohort tried the system, participants evaluated all modules completed to that point in time, so the refinements that researchers made to earlier modules were evaluated by subsequent cohorts. All 11 asynchronous modules were evaluated at least once prior to their use in our final study. The current PD study examined the online PD system by requiring teachers (a) to use all 11 revised modules independently and (b) to administer, score, and use the data management system for at least 10 weeks with at least one class of students taking algebra-related content.



Study design

The current study was funded as a part of a research development grant that required use of a multi-year iterative development process. This process emphasized teacher feedback as the most critical aspect of the project’s evaluation, which included feedback about the usability and potential utility of the system. Student progress monitoring is, indeed, an evidence-based practice that teachers may use to inform instructional planning and to effect student gains in achievement, particularly with students who are low achieving (Stecker et al., 2005; Jung et al., 2018; Fuchs et al., 2021); however, teachers who merely collect data and do not do anything differently instructionally based on student data patterns are not likely to effect greater student achievement (Stecker et al., 2005). Consequently, it is important that teachers learn about progress monitoring and how to use data to make meaningful decisions about the adequacy of student progress and the potential need for intervention. Beyond functionality of the system, teacher satisfaction with the PD system, both with instructional features and with the data management tools, remains a necessary first step for its effective use.

Following this iterative process of development, testing, and revisions, the research team conducted a final study of the entire system. District special education directors and curriculum coordinators sent email invitations to general education algebra and special education teachers on behalf of the research team. Interested teachers spoke with research staff for further information and clarification about study components, and the resulting volunteers became the primary research participants. Participating teachers from Iowa, Minnesota, and South Carolina completed 11 instructional online modules on their own. These modules focused on progress monitoring features; three types of algebra progress monitoring measures, including administration and scoring guidelines; and data management, including data entry, graph interpretation, and skills and error analyses. Teachers took a pre- and posttest about their progress monitoring knowledge, provided feedback at three points during their interaction with the modules, and responded to a written questionnaire at the end of the study. Following completion of the online instructional modules and in consultation with researchers, teachers were expected to administer one researcher-assigned algebra measure each week across a period of 10 weeks to at least one class of their algebra students. In addition, teachers administered one self-selected assessment of the two remaining measures to the same students across the 10 weeks and administered the third measure four times, during the first and last 2 weeks of the project. Consequently, the teacher-selected groups of students for whom they administered and scored measures and viewed progress became the secondary research participants. Because the focus of this research was on the teachers’ use of the PD system, student participation was necessary for teachers as they considered their students’ performance and provided feedback about the system.



Participants


Teachers

A total of 29 teachers participated in this study and completed all training, including 12 teachers in SC, 14 teachers in Iowa, and 3 teachers in Minnesota. Initially, 4 teachers had been recruited in Minnesota, but 2 discontinued their participation in the study shortly after it started, and a third teacher was recruited through nomination. Of these 29 teachers, 16 were special educators (7 in SC and 9 in IA) and 13 were general educators (5 in SC, 5 in IA, and 3 in MN). See Table 1 for demographic information for each teacher, including the number of years spent teaching, years teaching algebra, type of teacher certification held, gender, and ethnicity.


TABLE 1    Demographic information for participating teachers.

[image: Table 1]



Students

Students who took the algebra progress monitoring measures (N = 460) spanned grade levels from 7 to 12, with the majority of students attending high schools. The types of courses represented included 7th- and 8th-grade General Math, Pre-Algebra, Algebra/Geometry Foundations, Skills and Instructional Strategies, and Algebra 1. Students were typically developing, or they had Individualized Education Plans (IEPs) with goals in mathematics. Students with IEPs received mathematics instruction in inclusive classrooms or received instructional support in algebra by special education teachers in special education settings. The number of students involved, including the number of students with IEPs, and the types of courses in which teachers conducted the progress monitoring activities can be found in Table 2.


TABLE 2    Demographic information for participating students and their courses.

[image: Table 2]

Demographic information for providing a general profile for the school or district is provided in Table 3. The number of teachers participating in the research in each school; grades included in the school; student enrollment; and percentages of students with diverse backgrounds, receiving free/reduced lunch (a common proxy for low-income households in the United States), learning English language, and with IEPs are summarized for each school or district according to available data.


TABLE 3    Demographic information for participating schools or districts.
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Dependent measures


Teacher knowledge and accuracy


Knowledge pre- and post-test

For this study, teacher knowledge about progress monitoring and the use of the data-based system was evaluated twice: prior to the start of the instructional modules and again after teachers had completed online instruction, 10 weeks of data collection, and data management. Researchers developed the knowledge test, which was comprised of 25 multiple-choice items with four, possible answer selections (see Supplementary material 4 for the actual assessment used). In addition to assessing general knowledge about progress monitoring, specific items related to administration and scoring of the three algebra measures and the use of the data management system were included. Test items were scored as either correct or incorrect. Cronbach’s alpha for the items on the knowledge pretest was 0.86, indicating acceptable internal consistency. Cronbach’s alpha for items on the knowledge posttest was 0.84.



Accuracy of scoring and data entry

Although teachers collected data from student progress measures for 10 weeks as a part of the project, the focus of this study was on teachers’ use of the system rather than student performance. To determine the extent to which teachers could learn from the online modules about scoring and data entry, however, researchers included accuracy checks of teacher scoring of their student progress measures as well as accuracy of data entry in the online data management system (See section “Data analysis” for information about procedures for determining scoring and data entry accuracy).




Teacher use and satisfaction


Module feedback

Similar to the earlier iterative cycles of development, instructional modules included feedback pages in the final online PD at several points during the study in which teachers responded to Likert-type scales and open-ended items. Teachers were asked about the quality of features of the online system, ease of navigation, and their level of engagement during the instruction. They also responded to items about the content of the modules and their level of understanding. In addition, they judged the appropriateness of their time spent in instruction and offered suggestions for revisions that potentially could improve the system or their learning.



Final questionnaire

At the conclusion of the project in their final meeting with a researcher, teachers completed independently a written questionnaire that required holistic ratings and written responses about time they spent looking at student data during the project, tasks in which they engaged across the training and research, any instructional decisions they made based on the data they collected, and specific features about the online system.





Procedures


Meetings

Prior to participation in the module training, researchers held an individual face-to-face meeting with each teacher, except the one teacher who was recruited later in Minnesota and met virtually with a project staff member. Following a common outline, researchers presented information about the study, teachers were given a checklist of weekly responsibilities, and they took the knowledge pretest. At the end of the project, staff met again individual teachers who took the knowledge posttest and completed a written questionnaire.



Online professional development

Eleven online instructional modules provided the content for teachers to learn about progress monitoring in general and, more specifically, how to give and score three types of algebra progress monitoring measures, as well as how to use a custom-designed data management system to record and summarize student graphed data and analyses of their skills and errors. As teachers worked through the online PD on their own, they gave feedback at three points during the modules (early, middle, and endpoint), in which they responded to questions about specific features of the system. They also were able to add comments in each module at any point during their training. Teacher comments and feedback pages were intended to give researchers information about features that seemed to work well as well as any glitches or problems encountered, so any future revisions of the modules could incorporate this information.


Beginning online modules and first evaluation

The first six PD modules focused on content and activities related to progress monitoring concepts and practices and the three algebra measures included in the online system. The first two modules provided the background information for progress monitoring and development research of the algebra measures. The first module, Core Concepts, focused on central ideas about the purpose of progress monitoring, its history, and basic features. The Project AAIMS module described the development of the progress monitoring tools during a previously funded federal research project. Following completion of these first two modules, teachers completed the first, or early, round of teacher feedback on these two beginning modules.



Middle set of online modules and second evaluation

The next four modules addressed the specific algebra measures. The Measures Introduction module provided information common to all three of the algebra progress monitoring measures included in this PD system. The next three modules presented information specific to administration and scoring of each algebra tool: Algebra Basic Skills, Algebra Foundations, and Algebra Content Analysis. In these three modules, teachers had the opportunity to take a measure themselves, so they could experience what would be expected of a student. Teachers learned conventions for scoring each type of measure and had a couple of opportunities to score sample student measures with feedback provided by the system on their accuracy. Teachers had to earn at least 90% accuracy with scoring a type of measure before being allowed to move to the next module. Additional practice and retest options were available. Following their learning and scoring of these three algebra measures, teachers completed the evaluation feedback page, responding to the same items for this second set of modules.



Last set of modules and third evaluation

The last five online modules focused on features of the data management system. The first of these modules, Introduction to Data Management, described the overall capabilities of the system, especially how to add classes or individual students to the database, how to edit student data and make adjustments when students were absent, check student progress, and examine reports that could be generated. The next module, Evaluating Student Progress, focused on how to input student scores for the measures and how to view and interpret corresponding student graphs of progress. The Instructional Decision Making module showed teachers how to document instructional changes on the graph and how to add or change goals. In addition, recommendations for how to determine the efficacy of the instruction by evaluating graphed student progress were described. Although teachers (rather than the system) scored student performance on the algebra measures, teachers could input total scores as well as item-level data for use in aggregating information about skill proficiency and the common errors students were making. The Skills Analysis module showed teachers how data on problem types (i.e., skills) were aggregated for display. Skill reports could be generated to show skill proficiency for an individual or for a class of students. The Error Analysis module explained how teachers could choose from a list of common errors to note a potential misunderstanding a student made with an incorrect response. Although teachers made the judgments about potential student errors, a drop-down menu of common errors facilitated teachers’ data entry. An error analysis report could be generated to depict individual or classwide information, as long as the teacher had entered this item-level data. Finally, teachers completed the last evaluation page for the third set of instructional modules.



Data management and optional features

Once teachers had completed the modules on their own, they were given access to the Data Management hub and could proceed to add students to course sections, input measures used, and enter student data. After several scores were entered, the data management system could generate a student graph and show the trend of student progress. Teachers had the option to set goals for future achievement and to include phase-change lines to indicate when an instructional modification to the student’s program was made. Graphs depicted individual student data points (i.e., scores) and the trend of student progress but also could show the average score and average trend across the entire class. Figure 1 shows a student’s progress monitoring graph with trend line compared to the course average scores and trend.


[image: image]

FIGURE 1
Progress monitoring graph showing student data and class comparison data.





Progress monitoring

To make sure that all three types of algebra measures were administered and scored during the project, researchers assigned one of the three measures to each teacher, giving consideration to the type of course each teacher selected to monitor and the teacher’s preferences. Then teachers were allowed to select a second measure themselves. Teachers gave these two measures weekly across 10 weeks to the entire class. They were required, however, to score student performance and enter data into the data management system for only the primary measure. In addition, teachers administered the third type of progress monitoring measure but only during the first 2 and last 2 weeks of the 10-week period, primarily as a way to document student growth in another way and for researchers to examine relations among the types of measures. Although allowed, teachers were not required to score either their secondary or tertiary measures. All measures were turned in to project staff.

Across the teachers, 16 teachers administered Algebra Basic Skills as the primary measure (6 in SC, 8 in IA, 2 in MN), 11 teachers administered Algebra Foundations (4 in SC, 6 in IA, 1 in MN), and 2 teachers administered Algebra Content Analysis (2 in SC). For the secondary measures, 6 teachers administered Algebra Basic Skills, 13 teachers administered Algebra Foundations, and 10 teachers administered Algebra Content Analysis. For the tertiary measure (given during first and last 2 weeks only), 6 teachers administered Algebra Basic Skills, 5 teachers administered Algebra Foundations, and 18 teachers administered Algebra Content Analysis.



Analysis of skills and errors

For required progress monitoring activities, teachers gave the primary assessments weekly to at least one class of students, scored their performance, and entered total correct responses into the data management system. However, for two students in the group, teachers were required also to enter item-level data, that is, accuracy for each student response, and indicate a possible reason for the error for any item answered incorrectly, if they were able to determine one. In this way, teachers had practice using these components of the online system without having to enter data for all items for every student. For this more fine-grained, item-level data entry, teachers were encouraged to select two students who were lower achieving or who had Individualized Education Plans (IEPs). When teachers entered item-level data (see Figure 2 for sample screen of item-level data entry), the online system was able to generate individual reports (or classroom when applicable) about level of proficiency on each type of skill evaluated on the measure (i.e., proficient, developing, struggling, or not attempted). See Figure 3 for illustration of an individual skills proficiency report. When teachers marked an item as being incorrect, they could choose from a drop-down menu the type of error the student made in that problem, or they could type in an error pattern if they did not see it listed. The system could generate a report of common errors made by student (or by class, if applicable). See Figure 4 for sample common errors report for an individual student.


[image: image]

FIGURE 2
Sample item-level scoring and drop-down menu of common errors.
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FIGURE 3
Sample summary for student level of proficiency by type of skill.
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FIGURE 4
Sample report for common errors across class.





Data analysis


Teacher knowledge tests and ratings

Teachers’ answers on the multiple-choice knowledge pre- and posttests were scored as correct or incorrect, and a matched-pairs t-test was used to examine gains. For teacher ratings, descriptive statistics, including frequency counts and/or means, were used to summarize teacher feedback.



Scoring of module practice activities and student measures

To determine whether online instruction was successful in instructing teachers in scoring conventions, we examined the accuracy of their scoring during the interactive practice activities they did during online instruction about the three algebra measures. At the end of each module that addressed a type of algebra measure, teachers had a check-out exercise for a hypothetical student Max, in which they had to reach at least 90% accuracy in scoring to be allowed to move to the next module.

To check reliability of scoring with the assessments that teachers gave to their students, researchers required teachers to turn in scored papers for the first two test administrations to project staff, who then rescored the entire class. Any disagreements in scoring were discussed with the teacher. Even if the teacher had surpassed the 90% accuracy criterion during the online practice activities, researchers required a 95% accuracy threshold for scoring their own students’ measures. Any teacher who did not meet at least 95% for interrater agreement had to return additional sets of their scored measures for an interrater agreement check on all measures until they reached the 95% accuracy threshold. For subsequent administrations after reaching the 95% criterion, researchers rescored a sample of at least 20% of the class measures or a minimum of five assessments for each class administration, whichever was more. When accuracy fell below the 95% threshold, the entire class set of papers was rescored. A few teachers chose to score performance on the secondary and tertiary measures themselves. When they did, their scoring reliability was checked in the same way.

For Algebra Basic Skills and Algebra Foundations, responses were scores simply as correct or incorrect. Consistent with other progress monitoring research (e.g., Fuchs et al., 1994), interrater agreement was calculated as the total number of agreements in scoring divided by the sum of the total agreements and total disagreements. For Algebra Content Analysis, however, students could show work and be awarded partial credit for each of the 16 problems. Interrater agreement was calculated by subtracting the number of scoring disagreements from 16 and then dividing that difference by 16.



Data entry of total scores on primary measures

To determine reliability of teachers’ data entry, researchers compared the student scores teachers had recorded on the student measures with the scores they had entered into the data management system. Even if researchers had determined that the teacher had scored a student measure inaccurately and had adjusted that student score for analyses of student data, researchers still compared what the teachers had written directly on the student measures with what the data they entered in the online system. For each class, researchers figured the number of matches between the recorded scores on student papers and the scores entered into the system. The number of matches was divided by the total number of students to determine the interrater data entry percentage of agreement.





Results

Researchers analyzed data to examine the extent to which the online system worked as intended. We examined whether the online system led to improved teacher knowledge and skills with algebra progress monitoring. Researchers evaluated teachers’ knowledge through a pre-and posttest. Their accuracy in scoring and data entry were evaluated. Efficiency of the system and teacher satisfaction with instructional modules were examined through teacher self-report information and rating scales. A total of 29 teachers completed the training from beginning to end, administering algebra measures, scoring student performance, entering data in the online management system, and giving feedback. Note that some data were not accessible due to technical glitches with the system or because a few teachers chose not to respond to particular questions.


Teacher knowledge and accuracy


Knowledge test

The same knowledge assessment was given to teachers as a pre- and posttest. Cronbach’s alphas for the pretest and posttest were 0.86 and 0.84, respectively, indicating adequate internal consistency. The posttest was administered during the final, wrap-up meeting with project staff. A paired t-test indicated that teachers’ accuracy improved significantly from pre- to posttest, t(28) = −7.59, p < 0.001. Means with standard deviations in parentheses for item accuracy on the pretest and posttest were 9.97 (5.02) and 17.66 (2.83), respectively, for this 25-item assessment.



Accuracy in online scoring activities

Teachers had to reach a criterion level of accuracy in scoring the student exercise(s) before moving forward with another module (see Table 4). However, researchers also were interested in the accuracy with which they scored their own student papers. Therefore, project staff evaluated interrater agreement for teachers’ scoring on their primary measures. In addition to the scoring accuracy of algebra measures, researchers checked teachers’ accuracy for data entry based on teachers’ markings of the measures themselves. Table 5 shows percentage of interrater agreement for scoring each of the primary measures across 10 weeks of weekly data collection and the number of teachers engaged each week with those tasks as well as accuracy of their data entry in the online data management system.


TABLE 4    Scoring accuracy during module exercises for three types of algebra measures.

[image: Table 4]

 
TABLE 5    Interrater agreement for scoring of measures and online data entry.

[image: Table 5]




Teachers’ use of the online system


Ratings of the instructional modules

At three points during the online training (i.e., early, middle, and end), teachers completed the same set of Likert-scale ratings to indicate their level of understanding of the online instructional content on a scale of 1−5, with 1 indicating the lowest level of understanding and 5 indicating thorough understanding. The early evaluation followed the first two modules that focused on critical concepts of progress monitoring and the background research for the development of the three algebra measures to be taught. The middle evaluation took place after the next four modules. These modules introduced the three algebra measures and then focused on each individually, requiring practice in how to administer and score each type of assessment. The last set of module evaluation ratings took place after the next set of five modules that focused on features of the data management system and data entry of scoring, skill performance, and common errors. Frequencies for the teachers’ ratings are found in Table 6.


TABLE 6    Teacher evaluation of their level of understanding of module content.

[image: Table 6]



Efficiency of online modules, administration, and scoring tasks

Teachers were asked an open-ended question about whether they thought the time they spent viewing the instructional modules was reasonable. Researchers also asked for explanations to support their responses. Responses were classified and coded as a “0” if the teacher responded negatively, a “1” if indicating the time was “okay,” “somewhat” or another variation indicating moderate satisfaction, and a “2” if responding “yes.” Table 7 provides this information across teachers at the three evaluation checkpoints (i.e., early, middle, and end).


TABLE 7    Teacher responses for “was the time spent on the modules reasonable?”

[image: Table 7]

Teachers also were asked during the final meeting with researchers to complete a questionnaire containing items about their acceptability with the amount of time they spent in various activities. This Likert-type scale ranged from 1 to 4, with 1 = completely agree to 4 = completely disagree. Table 8 provides acceptability of time involved in the completion of the instructional modules, administration of measures, and scoring of measures.


TABLE 8    Final questionnaire: Acceptability of time for professional development (PD), administration, and scoring.

[image: Table 8]



Teacher overall satisfaction with online modules

At three checkpoints during the online instruction, teachers rated their level of satisfaction (1 = low satisfaction, 5 = high satisfaction) with the modules, appropriateness of the modules’ level of difficulty, and the teachers’ level of task engagement during the modular instruction. Table 9 presents these teacher satisfaction data.


TABLE 9    Teacher ratings of modules: Satisfaction, difficulty, and engagement.

[image: Table 9]

Teachers also rated their level of satisfaction (1 = low satisfaction, 5 = high satisfaction) with features imbedded in the online PD, such as the quality of graphics in the modules, clarity of module content, organization of the module, and ease of navigation. Table 10 displays the number of teachers who rated each feature by their level of satisfaction with system features.


TABLE 10    Teacher ratings of modules: Organization, navigation, and quality.

[image: Table 10]

Additionally, on the final questionnaire, teachers indicated whether they thought the content reflected on the progress monitoring measures was appropriate for their classes. Teachers used a Likert-type scale (1 = completely disagree, 2 = disagree, 3 = agree, 4 = completely agree) to reflect their level of agreement: 1 = 1 teacher, 2 = 2 teachers, 3 = 11 teachers, and 4 = 15 teachers, with M = 3.38 and SD = 0.78.



Use of optional online features

Several features in the data management system were covered in the online PD but were not required for use during the project, such as reviewing student graphs, comparing individual and class progress graphs, examining individual or class skills information, and examining individual or class common errors. However, some teachers chose to use these optional features during the project. At the final meeting, teachers indicated whether they had used specific system features. Table 11 provides the number of teachers using each data-based decision-making feature that was available but not required to be used during the project period.


TABLE 11    Teacher reports of task engagement with data management features.
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Discussion


Teacher knowledge and accuracy

One goal of the study was to determine whether knowledge about algebra progress monitoring could be improved among teachers using the professional development online system and to verify that they could be highly accurate in scoring algebra measures based on the online instruction. Without a comparison group, increases in teacher knowledge must be interpreted cautiously. However, based on the study information, teachers improved significantly on the knowledge assessment about progress monitoring and the use of the online system from pre- to posttest. Teachers grew by an average of almost eight items by posttest. However, actual growth may have been a little greater. At pretest, two of the teachers took the assessment outside of research staff meetings due to complications that arose with scheduling and the distance required for travel and exhibited the highest pretest scores across the entire teacher sample (i.e., scores of 17 and 18). Consequently, the fidelity of these results is unclear.

To determine whether teachers could learn to apply scoring conventions accurately with the algebra measures used, researchers evaluated teacher learning during the practice exercises in the modules (see Table 4). Results from the practice exercises in the PD modules indicated that teachers were successful in learning scoring conventions and applying them to completed student problems. Accuracy for Algebra Basic Skills and Algebra Foundations measures was very high at 99% and 98%, respectively. The Algebra Content Analysis measure, though, required more complex scoring with potential awarding of partial credit for problems exhibiting student work. Consequently, teachers’ accuracy was not as high (i.e., 86%). More teachers completed a second scoring exercise in the module for Algebra Content Analysis measures than they had for Algebra Basic Skills and Algebra Foundations. They improved modestly with this second attempt, but not every teacher achieved the 90% criterion for moving to the next module. When that occasion occurred, researchers met with teachers individually to review scoring procedures, answer questions, and provide support.

Importantly, teachers were highly accurate in scoring their own students’ papers (see Table 5). The lowest interrater agreement percentages across all three measures occurred during the first couple of weeks of test administration, indicating that teachers improved their accuracy with additional practice. Although interrater agreement was very high for the more difficult Algebra Content Analysis measure when scoring their own students’ papers, only two of the teachers were required to score the Algebra Content Analysis as their primary assessment. Consequently, evaluation of additional teachers scoring Algebra Content Analysis measures is recommended. In addition to scoring student measures, teachers had to enter scores in the online data management system. Teachers were accurate in transferring scores from their student measures to the online system.



Teacher satisfaction and use of the online professional development system


Instructional modules

Researchers asked teachers to rate their level of understanding of the module content at three occasions, once after the first two modules, after the next four modules, and after the last five modules. Teachers used a Likert-type scale with 1 indicating the lowest level and 5 indicating the highest level of understanding. Mean scores for all three occasions were greater than 4.0, indicating that teachers thought they understood the information being presented. The lowest mean rating (i.e., 4.08) was for the earliest feedback occasion in which the modules being considered included background information about progress monitoring and the research endeavors to support development of the algebra measures. The rest of the modules focused more directly on hands-on tasks for teachers (i.e., giving and scoring the algebra measures and using the data management system) and were rated more highly in terms of their level of understanding.

Several other questions probed teacher satisfaction with the online PD system. At these same three feedback intervals, teachers rated their overall satisfaction with the modules, the appropriateness of the level of difficulty of the modules, and their level of engagement while working through the modules. Likert-type ratings from 1 to 5 were used with “1” indicating the lowest and “5” as the highest satisfaction, appropriateness of difficulty, or level of engagement. Mean scores ranged from 3.88 to 4.40, indicating overall high teacher ratings of the PD modules. With respect to the item about overall satisfaction with the modules, the lowest mean rating (i.e., 3.93) was given for the modules describing the components of the data management system. Corroborating ratings for their level of understanding of the instructional modules, the lowest mean rating for both the appropriateness of difficulty of the instructional modules and teachers’ level of engagement during the PD was given for the early modules on the background of progress monitoring and research development of the algebra measures. Across these results, the research team inferred that the background and research information may have been a little less engaging and perhaps harder to understand than the other modules focused on information that teachers would use directly with their students or within the data management features. Interestingly, though, teachers reported an overall high level of satisfaction with this same group of modules (i.e., section “Instructional modules”).

At these same three feedback intervals, researchers also asked about the system’s technical features of PD. Teachers were asked to rate from 1 to 5 (i.e., low to high) about organization of the modules, clarity of content, quality of graphics used, quality of animation used, quality of narration, and the ease of navigation through the system. Teachers’ mean ratings were high across all these features for each of the three sets of modules. In fact, mean ratings were 4.0 or higher at each feedback interval for each of the items except one. The item indicating clarity of content was 3.95 for the middle group of modules that focused on administration and scoring of the measures. In fact, the lowest mean rating (although still high at 4.0 or higher) occurred for this same group of instructional modules regarding the quality of the graphics, animation, and narration used as well as the ease of navigation through the system. This group of modules addressed three different types of algebra progress monitoring measures and taught teachers how to administer and score them. The modules were highly interactive and expected teachers to engage in practice activities. In fact, this set of modules was the only set that required teachers to reach a specified criterion with scoring before proceeding to the next module. It could be that narration, clarity, graphics, and animation were even more critical with these modules, as teachers observed models of the tasks they were to perform. Another possible explanation is that this group of modules included the scoring of the Algebra Content Analysis measures. Based on accuracy data and attempted practice exercises, this measure was harder for the teachers to learn to score successfully. It was the last module in this group of modules prior to completing the feedback, so the recency of this more difficult task may have affected teacher ratings across the entire group of modules.



Efficiency

Another aspect of teacher acceptability for the final version of the online PD system was teachers’ judgments of PD efficiency. That is, at the requested three feedback intervals, teachers indicated whether the time they spent working through the online PD was reasonable to them. They responded through an open-ended format, so they could provide context for their responses. All of the teachers indicated that the amount of time was somewhat reasonable or reasonable at the first two feedback occasions. However, 6 of 28 teachers judged the time spent on the last five modules that focused on data management aspect of the system to be unreasonable. Several teachers reported having internet connectivity problems or being busier with other tasks at this time. Because it was the last set of modules, some teachers explained that they thought the PD could have fewer modules or perhaps more condensed versions of the modules. Also, it should be noted that this last group of modules all focused on the use of the data management system. The research team first converted previous face-to-face PD to the six beginning online instructional modules. The research team then developed the data management system as a part of the overall grant project and created corresponding PD instructional modules to match the new data management system. The last several modules had been viewed by only two teachers prior to the current study. Consequently, the team had not received as much feedback for refinement with these modules as they had received with earlier modules. Additionally, other research corroborates that data-based decision making is difficult for teachers (and preservice teachers) to apply and that their interpretations often are qualitatively different (e.g., less cohesive) from expert users and trainers of progress monitoring (Espin et al., 2017, 2021a; Wagner et al., 2017). More attention may need to be directed to crafting these data-based decision-making modules to make them more explicit and acceptable to teachers. Additional feedback and knowledge checks should be solicited for each of these modules.

Researchers also asked teachers about efficiency on the final questionnaire at the end of the study. Teachers were asked to think back across all the PD as well as the administration and scoring of the progress monitoring measures. On this questionnaire, teachers used a rating scale to indicate their level of agreement with statements about the acceptability of the time they spent completing modules, administering progress measures, and scoring measures. All statements were written in the affirmative (i.e., time in tasks was acceptable), but the ratings forced a choice between agreement and disagreement. The scale was “1” for completely disagree, “2” for disagree, “3” for agree, and “4” for completely agree. All 29 teachers responded to these items. Only two teachers disagreed with the statement about the amount of time spent in the instructional modules as acceptable. Thus, across all the teachers and considering the totality of the project, teachers rated their time in the online PD as acceptable.

Of the three ratings about the acceptability of time that it took to complete tasks, teachers rated administration of the student measures with the highest mean rating of acceptability (3.52 of 4.0). However, two teachers either disagreed or completely disagreed with this statement that the time spent was acceptable. These progress measures took either 5 or 7 mins once per week, depending on the particular type of measure given. However, it is possible that these two teachers were considering that administration of all three measures (when only one was required to be scored and entered into the system) was not acceptable. The majority of the teachers, however, agreed or completely agreed that time spent administering the algebra progress measures and scoring the measures was acceptable, 27 of 29 and 25 of 29, respectively.



Optional features of the data management system

On the final questionnaire at the end of the study, teachers also responded to items indicating whether they had used components of the data management system on their own. That is, using these features was not required as a part of study participation, but the online instructional modules provided information about how to access and use these features. The majority of teachers reported examining student progress graphs (21 of 29), but far fewer actually reviewed the graphs with their students (only 11 of 29). Although teachers had been asked to enter item-level information from the measures for only two of their lower performing students, some teachers chose to enter skills and/or common errors information for more of their students or their entire class. In fact, almost all of the teachers (27 of 29) reported examining individual student errors information, with 18 teachers reviewing common error information with their students, and 16 teachers examining student errors across their class. Similarly, 25 of 29 teachers examined individual skill proficiency (i.e., level of mastery for skills included on the measures), with 13 teachers reviewing the skills information with their students, and 15 examining skills information across their class. The activity in which the fewest teachers engaged was inserting phase change lines on student graphs. When asking about time spent viewing student data each week, teachers reported a range of 5−150 mins with a mean of 45 mins. Thus, teachers appeared to take advantage of the available data management tools in the online system even when not required to do so.




Summary of results and future research


Conclusion

With this online PD system, teachers acquired knowledge and skills about how to conduct progress monitoring in algebra. They scored student algebra progress measures accurately and entered data successfully into the online management system. Teachers reported overall high levels of satisfaction with the modular training, including the content, difficulty level, and organization of the instruction as well as the clarity of the imbedded technological features. They were able to access the system’s data management components and store student data. They reported that the time spent in the PD activities, including the instructional modules and the administration and scoring of student measures, was acceptable to them. Overall, the development and implementation of an online PD system for instructing teachers in how to conduct and manage algebra progress monitoring appeared successful. It functioned as intended and enabled 29 general education and special education teachers to learn to give and score three types of algebra progress measures as well as store and view student data across time.



Study limitations

A number of limitations should be noted with this study. First, the study required teachers to report their satisfaction with the system, which could be positively biased. Second, a pretest/posttest design was used to collect information. Without a comparison group, it is difficult to judge fully the efficacy of the PD. Third, not all teachers responded to all requests for feedback. Although teachers viewed an online evaluation page at three points during the online instruction, teachers could proceed to the next module even if they failed to complete some (or all) of the items. Additionally, occasional internet connectivity issues at schools or teachers’ homes sometimes made access difficult or interfered with particular tasks. Fourth, although researchers were able to calculate accuracy for the knowledge test and scoring of student measures, direct observations of teachers working through online modules, administering measures in the classrooms, or using the data management system were not conducted. Of course, the overall purpose of the study was to determine whether teachers could learn to conduct algebra progress monitoring on their own. However, teacher self-report responses, with unknown reliability, provided the majority of the data for this project evaluation. Fifth, teachers were not required to use all the available components of the data management system in this evaluation study. Consequently, researchers received only anecdotal information about some of the available online features. Sixth, although some schools had multiple teachers using the online system, we did not evaluate systematically whether teachers completed all activities independently or whether they discussed features with one another. Last, researchers experienced a several-month delay in getting all features of the online system fully functional. Although all teachers completed all the online PD modules, depending on how quickly they worked through modules independently, some teachers had to begin administration of algebra progress measures prior to completing the modules related to data management. That is, they needed to administer progress measures for 10 weeks, and several teachers would have run out of time in the school year if they had waited until completing all modules before administering the 10 weeks of assessments. Therefore, some teachers did not enter data into the management system on a weekly basis; instead, they grouped batches of assessments (especially the first few weeks of data) to enter at one time after they had completed the modules about using the data management system, which may have affected their reliability in scoring. Relatedly, during the final meeting in which teachers completed a questionnaire about their overall satisfaction with the PD, some teachers reported anecdotally that it had been a long time since they had worked through the modules, while others said they had completed all modules closer in time to the final meeting. It is not known how this variation in length of time spanned to complete all the modules may have affected teachers’ responses about the PD modules and the related assessment activities or how the time they had left after completing data management modules affected their interest in exploring the data management features that had not been required to be used during the project.



Implications for future work

Although teachers were asked to enter problem-by-problem accuracy on measures for two students in their classes and indicate a possible error when the student’s response was inaccurate, some teachers chose to enter item-level data for their entire class. At first glance, the assumption could be made that teachers understood the potential benefits of such a data management system for ongoing progress monitoring. However, fewer teachers reported viewing individual student graphs of total scores, and less than half the teachers reported showing graphs to students. In fact, more teachers reported examining student skills and errors in the data management system and showing these graphics to students than examining and showing student graphs of progress monitoring scores of measures across time. It may be that teachers recognized how knowing about proficiency of algebra skills and the common errors students made could assist them as they decided how to alter instruction for their students. However, the basic tenets of progress monitoring that include decision making about instructional effectiveness tied to judgments about student rate of improvement may not have been realized by all the teachers or perhaps not emphasized enough in the PD. With progress monitoring, technically sound data should be used for ongoing instructional decision making, especially for determining when student progress is not adequate for meeting goal expectations. An equally important aspect in data-based individualization is the use of available progress monitoring data and other diagnostic data to determine the nature of the instructional modifications to better meet individual needs. Consequently, implementation of this PD system may need to include more specific content about both instructional decision making and appropriate intensification of intervention, especially for individual students who are not progressing as expected.

Future research with this online PD should include systematic evaluation of all the data management components of the system. Teacher evaluation of each module could be required prior to navigation to subsequent modules. Features that were optional for teachers or minimally required in the current study should be evaluated further. Recognizing that teachers frequently need support to make the best use of progress monitoring data and instructional decision making (Stecker et al., 2005; Espin et al., 2017; Wagner et al., 2017; Jung et al., 2018; Fuchs et al., 2021), a module that includes additional information focused on data interpretation and instructional utility may need to be developed. Perhaps a module for administrators or lead teachers could assist school staff if implementation of procedures were adopted for particular courses. Exploring how in-person or online data team meetings might be used effectively to support teacher decision making is another aspect that could be examined. In addition to refining data utilization aspects, the current online PD could include support for teachers about generally effective algebra instruction and how to intensify instruction when students continue to struggle.

The PD system also could be adapted easily for use with other areas of readily available mathematics measures, such as those for elementary and middle school levels in computational fluency and concepts/applications or problem solving or for early numeracy (e.g., number identification, quantity discrimination, missing number). It could be expanded for use with progress monitoring in other academic areas, such reading, writing, and discipline-specific vocabulary.



Next steps for online professional development

The development of the online PD and data management system was led by the faculty member who originally developed ThinkSpace (Bender and Danielson, 2011). Following his retirement, a small company took over the development leading to the version used in this paper and in a subsequent research project. Due to transitions within the company, along with transitions at the university level, efforts to shift the system from the cloud system used by the developer to the university’s information technology system have required more time than was anticipated. New opportunities for completing this process have become available, and we anticipate that this online PD system will be moving toward wider accessibility in the near future.
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Questionnaire item 1

“The amount of time I spent completing the professional 0
development modules for this project was acceptable.”

“The time it took to administer the measures to my students 1
was acceptable.”

“The time it took to score the measures was acceptable.” 1

For the teacher ratings, 1 = completely disagree, 2 = disagree, 3 = agree, 4 = completely agree.
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Frequency of response (1)

Module 0 1 2 Teachers responding
Early (after Module 2) 0 3 21 24
Middle (after Module 6) 0 3 17 20
End (after Module 11) 6 8 14 28

For the teacher responses, 0 = no, 1 = somewhat/okay, 2 = yes.
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Teacher School Gender Position® Ethnicity Years Years teaching Teaching

teaching algebra certification®
1 A F GenEd Caucasian 12 12 SMath
2 B F SpEd Other 13 8 EE, LD, BD, ID
3 C F GenEd Caucasian 23 23 SMath
4 D F SpEd Caucasian 20 20 LD
5 D F SpEd Caucasian 29 20 LD
6 E F SpEd Caucasian 15 5 ECE, EE, LD, BD, ID
7 E F GenEd Caucasian 8 6 SMath
8 E F GenEd Caucasian 2 2 SMath
9 E F SpEd Caucasian 8 4 LD, BD, ID
10 F F GenEd Caucasian 6 2 SMath
11 F F SpEd Caucasian 4 1 EE,LD
12 G F SpEd Caucasian 25 3 LD, ID
13 H F SpEd Caucasian 16 0 EE,LD
14 ) M SpEd Caucasian 6 5 EE, SEG
15 I F GenEd Caucasian - - -
16 H B SpEd Caucasian 17 0 SEG
17 1 F SpEd Caucasian 6.5 0 ECE, EE, SEG
18 H F GenEd Caucasian 15 15 SMath
19 H M SpEd Caucasian 45 0 SEG
20 1 F SpEd Caucasian 23 0 LD
21 H F GenEd Caucasian 20 20 SMath
22 K F SpEd Caucasian 8 0 EE, SEG
23 I F GenEd Caucasian - - -
24 I F GenEd Caucasian 23 20 MMath, SMath
25 L M SpEd Hispanic 8 6 SMath, SEG
26 L F SpEd Caucasian 21 13 SMath, BD
27 M M GenEd Caucasian - - -
28 O M GenEd Caucasian 10 10 MMath, SMath
29 N F GenEd Caucasian 6 6 MMath, SMath

?GenEd = General Education, SpEd = Special Education.
YBD = SpEd Behavior Disorders, ECE = Early Childhood Education, EE = Elementary Education, ID = SpEd Intellectual Disabilities, LD = SpEd Learning Disabilities, MMath = Middle School
Math, SEG = SpEd General, SMath = Secondary Math.
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School Teachers Grades School size Student diverse Student free/reduced Student ELL Student

(state?) (n) served backgrounds (%)P lunch (%) (%) 1EPs (%)
A (SC) 1 9-12 290 55 =
58 (A, B, C districts) 15 (A, B, C
districts)
B(SC) 1 9-12 960 23 -
C(SC) 1 9—12 745 10 -
D (SC) 2 9-12 1025 21 49 (D, E districts) 4 (D, E districts) 123(D,E
districts)
E (SC) 4 9-12 700 11
F (SC) 2 9-12 1760 38 58 (F district) - 12.5 (F district)
G (SC) 1 9—12 820 24 45 (G district) - 13 (G district)
H(IA) 5 5-8 420 3 33 0 15
1(1A) 5 9-12 525 3 8 0 10
] (1A) 1 9-12 220 <1 35 <1 12
K (1A) 1 7-12 275 <1 40 0 7
L(1A) 2 9-12 2100 43 63 6 16
M (MN) 1 7-12 400 35 36 0 95
N (MN) 1 9-12 320 15.5 44 <1 13.5
O (MN) 1 9-12 1050 45 21 <1 8

All enrollment numbers and demographic percentages are approximate. School-level data unless marked as district; some school-level or district-level data were unavailable.
4SC = South Carolina, IA = Iowa, MN = Minnesota.
bDiverse backgrounds refers to race, culture, and ethnic backgrounds.





