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Classroom observation tools are used to evaluate teaching and learning activities, and to provide constructive feedback to instructors. To help instructors with selecting a suitable tool based on their needs and available resources, in this study, a group of observers assessed lectures of an introductory biology course using three, broadly cited classroom assessment tools in the STEM field: the Classroom Observation Protocol for Undergraduate STEM (COPUS); the Practical Observation Rubric to Assess Active Learning (PORTAAL); and the Decibel Analysis for Research in Teaching (DART). From a user’s perspective, we evaluated 1) the type and extent of information each tool provides, and 2) the time investment and difficulty of working with each tool. The assessment result of each tool was compared, with a list of expected outcomes generated by surveying a group of college instructors and with the result of a self-teaching assessment tool, Teaching Practices Inventory (TPI). Our findings conclude that each tool provided valuable assessment with a broad range of outcomes and time investment: PORTAAL offered the most detailed information on the quality of teaching practices and students’ engagement, but it demanded the greatest time investment. DART provided a basic estimation of active learning proportion with the least effort. The level of assessment outcome and the time investment when using COPUS was found to be less than PORTAAL, and more than DART. The TPI self-assessment outcome was found to be slightly optimistic regarding the proportion of active learning practices used in the studied course. This comparative study can help instructors in selecting a tool that suits their needs and available resources for a better assessment of their classroom teaching and learning.
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INTRODUCTION
Previous studies have shown considerable improvement in students’ learning when active learning instructional techniques were used instead of traditional (lecture-based) methods in science, technology, engineering, and mathematics (STEM) courses (Knight and Wood 2005; Freeman et al., 2007; Prather et al., 2009; Deslauriers et al., 2011; Gasiewski et al., 2012; Watkins and Mazur 2013; Mortensen and Nicholson 2015). Active learning, also sometimes called student-centered learning, refers to the situations where instructors use a series of activities to help students be active and engaged during instruction and in their learning processes (Handelsman et al., 2007; Driessen et al., 2020). Active learning teaching practices represent a collection of techniques such as polling, discussion, group work, metacognition, problem-based learning, and peer instruction (Handelsman et al., 2007; Driessen et al., 2020). In addition to improving the learning outcomes, the use of active learning techniques has been shown to positively impact students’ attendance, attitudes toward their discipline, course retention (Umbach and Wawrzynski 2005; Freeman et al., 2007; Deslauriers et al., 2011; Watkins and Mazur 2013; Wilton et al., 2019) and to reduce the achievement gap among student populations (Haak et al., 2011; Eddy and Hogan 2014). In the past 2 decades, multiple reports (Handelsman et al., 2007) and national initiatives such as the American Association for the Advancement of Science (2012), the President’s Council of Advisors on Science and Technology Engage to Excel report (2012), and the Association of American Universities, 2017 have called for widespread adoption of research-based active learning techniques in undergraduate STEM education.
In response to this demand, several classroom observation tools have been developed to assess and improve classroom teaching and learning (Sawada et al., 2002; Smith et al., 2013; Eddy et al., 2015; Owens et al., 2017). When using a classroom observation assessment tool, one or multiple observers evaluate classroom teaching and learning activities in real-time or by reviewing classroom recordings. Previous research has shown that self-reporting evaluations of teaching tend to be subjective and overestimate the use of active learning in classrooms (Fung and Chow 2002; Ebert-May et al., 2011; Cosbey et al., 2019). Classroom observation tools instead can be an objective method for evaluating the prevalence of active learning instructional practices in college classrooms (Lund et al., 2015). These tools can be categorized into unstructured and structured ones (Hora 2013). In unstructured observation tools, an observer takes extensive notes on classroom teaching and learning activities without following any specific directions. This can make the comparison of the assessment result among multiple observers or courses more challenging. In structured tools on the other side, one or more observers use a standardized protocol and follow specific instructions to describe the teaching practices and students activities that occur in a classroom. In this method, assessment results would be less subjective, and the outcomes can easily be compared among observers and courses.
Some of the most well-cited structured classroom observation protocols developed for post-secondary settings in recent years include the Reformed Teaching Observation Protocol (RTOP) (Sawada et al., 2002), the Teaching Dimensions Observation Protocol (TDOP) (Hora et al., 2013), the Classroom Observation Protocol for Undergraduate STEM (COPUS) (Smith et al., 2013), the Practical Observation Rubric to Assess Active Learning (PORTAAL) (Eddy et al., 2015), the Measurement Instrument for Scientific Teaching (MIST) (Durham et al., 2017), and the Decibel Analysis for Research in Teaching (DART) (Owens et al., 2017). These protocols provide an opportunity to quantitatively assess the frequency and extent of various teaching and learning activities in a course.
Course instructors can use these tools to showcase the use of active learning practices in their classrooms or the improvement of their teaching practices over time. The classroom assessment results can also be added to teaching portfolios or evidence of teaching effectiveness documents for faculty position applications and tenure packages. However, considering the heavy workload of most instructors, the additional time investment to select a suitable tool may be challenging. Finding a volunteer peer instructor, costs associated with hiring and training external observers, and difficulty of learning the tools and interpreting the classroom assessment results may be among other obstacles to their use. A 2013 study reviewed key characteristics and strengths and weaknesses of different classroom observation tools used in post-secondary settings (Hora 2013), mainly for faculty developer audiences. To the best of our knowledge, no study has yet compared different classroom observation tools to address their utility from instructors’ perspectives.
Therefore, to assist instructors who are interested in evaluating and receiving feedback on teaching and learning in their classrooms, we compared three well-cited classroom observation tools in STEM post-secondary environments: the Classroom Observation Protocol for Undergraduate STEM (COPUS Profiles, 2008) (Smith et al., 2013) (cited by 4701); the Practical Observation Rubric to Assess Active Learning (PORTAAL) (Eddy et al., 2015) (cited by 1382); and the Decibel Analysis for Research in Teaching (DART) (Owens et al., 2017) (cited by 493). In addition to using the number of citations as a selection criterion, we considered the level of assessment granularity of different tools during the selection too. Granularity refers to the level (broad vs. fine) in which the teaching and learning activities are being assessed (for further discussion of granularity see Hora 2013). The presence of variation in assessment granularity of COPUS, PORTAAL, and DART made them suitable for answering questions about time investment, the difficulty of working with each tool (effort), and the type and extent of information (outcome) each tool provides.
MATERIALS AND METHODS
Study Context
This study was conducted at a large research university in the United States during the 2018–2019 academic year. To compare the three classroom observation tools of COPUS, PORTAAL, and DART, we focused on the lecture part of a large enrollment (∼400 students), introductory biology course (hereafter, “Course”). Most of those enrolled in this course are first-year and second-year students. In this Course during weekly 50-min lectures instructor provided background information related to the lab sessions and assessed students’ understanding of critical concepts in interactive ways (Deane-Coe et al., 2017; Sarvary and Gifford 2017).
In this Course lectures were routinely video-recorded from the back of the room, focusing mainly on the instructor and the projection screen. The recordings were shared with students through the Learning Management System (LMS) at the end of each lecture day. For this study, rather than live observation, we used Course lecture recordings from a different semester to avoid classroom disruption. Of twelve lectures in the Course, nine were instructor-led while three lectures were dedicated to students’ presentations. By assessing multiple lectures, we aimed to account for the within-course variability in teaching and learning behaviors that may exist in STEM classrooms (Owens et al., 2017).
The Selected Classroom Observation Protocols
COPUS: The Classroom Observation Protocol for Undergraduate STEM
COPUS (Smith et al., 2013) was designed to capture instructor- and student-led activities in STEM classrooms. A total of 25 codes are used, characterizing instructor and student behavior at 2-min intervals (Supplementary Table 1A). For example, one can record whether the instructor is lecturing or asking questions, or whether students are listening or responding to questions. When complete, the inputs are summarized in two pie charts reflecting the frequency of instructor and student behavior during the class. In a later version of COPUS (Smith et al., 2014), the 25 original codes were collapsed into four categories for instructors (presenting, guiding, administrative activities, other instructor activities) and four categories for students (receiving information, working, talking to the class, and other student activities), streamlining interpretation of classroom behavior trends (Supplementary Table S1B). COPUS claims that educators with a background in STEM, from K-12 to college instructors, can use COPUS successfully after 1.5 h of training following the COPUS training guide. Also, when more than one observer was involved, COPUS showed to have high interrater reliability (IRR, >0.8) (Smith et al., 2013, 2014; Lund et al., 2015), calculated by Cohen’s kappa coefficient (Cohen 1960).
PORTAAL: Practical Observation Rubric to Assess Active Learning
PORTAAL (Eddy et al., 2015) was developed to assess the frequency and duration of 21 research-supported active learning best practices that have been shown to increase college students’ learning in large enrollment lectures. The 21 teaching practices are categorized into 4 dimensions: 1) practice, 2) logic development, 3) accountability and 4) apprehension reduction (Supplementary Table S2). Instead of focusing on the entire lecture, this tool only evaluates the periods of a classroom when students are working on an activity or a question. Each engagement period or activity is divided into three phases: 1) Introduction, where a question/activity is introduced to students; 2) Student Engagement, where students are working on the question/activity, and 3) Debriefing, where the instructor reveals the answer and related discussion occurs. Instead of a single score, PORTAAL depicts the frequency or the duration of each of the 21 teaching strategies used in a lecture. PORTAAL hypothesizes that greater learning can be achieved when these 21 teaching elements are used in classrooms more often. By assessing the alignment of teaching strategies used in the classroom with PORTAAL suggested practices, this tool provides specific feedback to instructors about their teaching strengths and the areas that can be improved. PORTAAL provides a detailed user manual and claims that observers with varied backgrounds and no deep pedagogical or course content expertise can use PORTAAL successfully after an average of 5 training hours.
DART: Decibel Analysis for Research in Teaching
DART (Owens et al., 2017) was designed to document the presence and frequency of lecture and non-lecture (active learning) activities in STEM classrooms, which is assessed from classroom audio recordings. DART distinguishes between three categories of classroom sounds: single voice (e.g., lecture with Q/A), multiple voice (e.g., group or pair discussions), and no voice (e.g., clicker questions) (Supplementary Table S3). Without the need for a human observer, DART claims that its algorithm (https://sepaldart.herokuapp.com/) can assess a 2-h class session in about 5 min. In addition to the tool’s paper (Owens et al., 2017), the FAQ section of the DART website (https://sepaldart.herokuapp.com/) provides valuable information on how to use the tool.
The Research Team
The research team consisted of a senior lecturer, an education postdoctoral associate, and two graduate student laboratory teaching assistants working at the same research university during the time of the study. The diverse academic instructional experiences of the research team, including teaching lectures and laboratory sessions for small and large courses, allowed the incorporation of a variety of perspectives when comparing the three tools. The team was cast into the roles of “Course Instructor” (M.A.S) and three “Observers” (M.A, A.M.M, and M.S.L). Only the Observers conducted the Course lectures assessments using the tools. None of the Observers had prior experience working with the classroom assessment tools compared here.
Study Design
Observers compared how COPUS, PORTAAL, and DART assess teaching and learning activities in the Course lectures (Table 1).
TABLE 1 | The steps were taken to compare the teaching and learning activities in the Course lectures, using COPUS, PORTAAL, and DART.
[image: Table 1]Step 1: Surveying Instructors
To create a list of expected outcomes and efforts when using a classroom observation tool, an anonymous survey consisting of two open-ended questions (stated in Table 1, Step 1) was shared with a group of STEM college instructors from the study institution (N = 26, including the Course Instructor). The Observers performed an inductive content analysis to qualitatively code the instructors’ responses and identify recurring themes (Patton 1987). During this process, first Observers independently reviewed the instructors’ responses looking for recurring themes such as “proportion of active learning and lecturing”. This led to the development of a list of outcome and effort items (Table 2) which then was used to review the instructors’ responses looking for the presence and frequency of these items. The outcome items were also used to evaluate the assessment results from each tool.
TABLE 2 | A list of possible outcomes and efforts when using a classroom observation tool, generated from responses of a group of STEM instructors surveyed.
[image: Table 2]Step 2: Training Observers
During the training phase (Table 1, Step 2), Observers focused on one tool at a time in the following order: COPUS, PORTAAL, and DART. The method paper describing each tool (Smith et al., 2013; Eddy et al., 2015; Owens et al., 2017) was individually read by the Observers, followed by a group discussion to become familiar with 1) what each tool aims to capture and 2) the names and descriptions of the codes. The training guide provided by COPUS and PORTAAL (Smith et al., 2013; Eddy et al., 2015) was also reviewed. For COPUS, Observers independently coded 2, 8, and 10 min of a sample lecture recording, followed by group discussion and comparing of the individual codes. Next, Observers individually reviewed and coded another sample course lecture and then met to discuss their coding and calculate the IRR using Fleiss’s kappa coefficient (Fleiss 1971). When the IRR was found to be low (κ < 0.75) this process was repeated for another sample lecture. For PORTAAL, Observers individually studied the PORTAAL manual first. As part of this training, each Observer responded to the PORTAAL comprehension test to assess their understanding of the user manual content. The PORTAAL manual was consulted in a group meeting to discuss the concept of Bloom’s Taxonomy (Bloom 1956) and to assess Observers’ capability in categorizing the classroom questions to low- or high-level cognitive thinking. Per PORTAAL’s recommendation, the 3 training videos provided by PORTAAL were independently coded and then discussed in a group meeting. Each Observer also reviewed three sample lecture recordings (of the studied course taught by the same instructor from a different semester). A coding consensus document was developed by Observers, with detailed notes to make codes easier to understand for the next step. The two-way agreement, single measures Intraclass correlation (ICC) analysis in R was used to measure interrater reliability, as the data coded were in percentages. The Observers moved to the actual review phase only after a reasonably high IRR value was attained (>0.75). For DART, the method paper (Owens et al., 2017) and FAQ section on the DART website (https://sepaldart.herokuapp.com/) were reviewed. Since DART uses only audio lecture recordings for classroom analyses, all classroom recordings were converted to audio files before being uploaded for further analysis. For training, a sample course lecture audio file was uploaded to the DART website and was processed by the related algorithm. Observers then discussed the assessment outcome figures yielded by the DART algorithm.
Step 3: Coding Lecture Recordings
Observers independently reviewed multiple lectures in the order of COPUS, PORTAAL, and DART. All lecture recordings were used for coding by COPUS and DART. However, because 3 of the Course lectures focused on students’ presentations and did not contain activities led by the Course Instructor (PORTAAL’s focus), they were excluded from the PORTAAL analysis. Each Observer used a random number generator (https://www.random.org/) to order the lectures reviewed, minimizing bias introduced by increased proficiency with the method. At the end of the review phase for each method, individual codes and notes were compared and the IRR for each coded lecture was calculated. For DART, Observers did not have to code or review lecture audio recordings. They were processed by the DART algorithm.
Step 4: Converting Raw Data to meaningful Assessment Outcome
For COPUS, the prevalence of each code was calculated by dividing the number of times a specific code was recorded (over 2-min time intervals) by the total number of codes recorded (Smith et al., 2013). As suggested by COPUS, two pie charts were created for each lecture showing the frequency of instructor and student activities during the lecture. The COPUS Analyzer (http://www.copusprofiles.org/) was also used to create heatmaps of COPUS code frequencies.
Observers used the provided conversion rubric for PORTAAL to calculate the percentage of the 21 teaching elements represented. The PORTAAL developers (Eddy et al., 2015) suggest after the assessment, instructors compare their element scores with the scores of reference instructors reported in the PORTAAL method paper, to understand what instructors are doing well and in which areas improvement may be needed. Beyond that, PORTAAL does not make any recommendations for data visualization and here we evaluated PORTAAL scores in a table format.
No further data processing or visualization was required for DART outside of the graphs generated by their algorithm.
Step 5: Observers’ and Course Instructor’s Feedback
After each review phase, Observers shared the outcomes of each assessment tool with the Course Instructor. In addition to providing qualitative feedback about the outcomes, he also compared the assessment result of three tools with a list of expected outcomes generated from surveying the STEM instructors. Before seeing the outcomes of each assessment tool, the Course Instructor performed a self-teaching assessment for the studied course using the Teaching Practices Inventory (TPI) (Wieman and Gilbert 2014) via responding to a short survey (<15 min). The TPI offers a detailed scoring system and the higher the overall score is, the more research-based teaching practices are shown to be used in the course. The Instructor then evaluated the TPI results with the assessment outcomes of COPUS, PORTAAL, DART to examine the alignment between the information these tools provide.
Observers also compiled feedback on the time spent and their experience working with each tool.
RESULTS
The list of items and frequency of their use, generated by analyzing responses of the STEM instructors surveyed (Table 1, Step 1), are shown in Table 2. These items focus on 1) information instructors expect a classroom observation tool to provide (outcomes) and 2) the challenges instructors expect when using a classroom observation tool (efforts).
The COPUS, PORTAAL, and DART Assessment Result for One of the Course Lectures
To demonstrate the type of assessment outcomes provided by COPUS, PORTAAL, and DART, the assessment result for a single lecture of the Course evaluated is shown here. The same lecture was assessed using the 3 tools. The assessment outcomes for multiple lectures of the Course are shown in Supplementary Figures S1, S2 and Supplementary Table S4.
The assessment outcome of the lecture analyzed with COPUS is shown in pie charts, suggested by COPUS developers (Smith et al., 2013), (Figure 1A) and the heatmaps, produced by COPUS Analyzer (http://www.copusprofiles.org/) (Figures 1B,C). The pie charts depict the type and prevalence of the classroom activities (COPUS codes) for students (Figure 1A left) and instructor (Figure 1A right) during the single lecture analyzed. The students’ pie chart shows the frequency of the COPUS codes in the following order during the class period: students listened 68% of the time, did individual thinking 16% of the time, asked questions 11% of the time, and answered the instructor’s questions about 5% of the class period. During the same lecture, the COPUS showed the instructor lectured 78% of the class period, asked clicker questions for 16%, and asked non-clicker questions for 6% of the class period. The heatmap produced by COPUS Analyzer is an alternative visual representation (Figure 1B), that provides information about the timing and duration of COPUS codes compared to pie charts. For example, by looking at the heatmap, students and instructors seem to be listening and lecturing respectively for the entire lecture period. On the other hand, activities such as students answering questions or the instructor posting questions were coded only at certain times during the lecture period. The COPUS Analyzer also provided the collapsed version of the 25 original COPUS codes into eight categories for instructor and student codes (Figure 1C). These eight categories, instructors presenting, instructors guiding, instructor administrative activities, other instructor activities, students receiving information, students working, students talking to the class, and other student activities, enhance our understanding of existing behavior trends for both groups.
[image: Figure 1]FIGURE 1 | COPUS assessment outcome for a single Course lecture evaluated. The two pie charts (A) show the type and frequency (percentage) of the activities done by students and instructors in the classroom. The heatmap (B) produced by the COPUS Analyzer (unmodified output produced by the website) demonstrates the type and timing of the activities done by students (blue) and instructor (red) in the classroom during the same lecture. Out of the 25 existing codes, only a few of the COPUS codes were identified during this lecture that is shown in this figure. L, Listening; Ind, individual thinking; AnQ, Answering instructor question; SQ, Student asks a question; Lec, Lecturing; PQ, Posing questions; CQ, Clicker questions. The other heatmap (C), also produced by the COPUS Analyzer, shows the COPUS results (unmodified output) for the same lecture collapsed into four categories for students (blue) and four categories for the instructor (red).
For the same lecture, the PORTAAL codes were converted to frequency or duration (in percentage) for each of the 21 teaching elements identified, suggested by the tool’s developers (Eddy et al., 2015), and used to create Table 3. The outcome shows how often and how long each of the teaching practices suggested by PORTAAL was implemented during the period in which students were engaged in an activity or a question in the classroom. For the evaluated lecture, the PORTAAL assessment shows that at least one item from each of the four dimensions (practice, logic development, accountability, and reduce apprehension) was incorporated during the time students were engaged in a particular activity. The two incorporated elements of the “practice” dimension suggest that students were engaged 25% of the class period (element P1) and that 20% of the questions were asked by the instructors, required higher-order thinking skills (e.g., reasoning, analyzing, applying) from the students (P2 element). The L3 element of the “logic development” that was incorporated in the lecture, shows that every time a question was asked by the instructor, the students were provided the opportunity to think on their own first, before being asked to share their answers with another student, a group of students, or the entire class. Also, L1 similar to P2, highlights that 20% of the activities proposed by the instructor required a higher-order level of critical thinking. For the “accountability” dimension, the only element coded (A1) suggests that 35% of the activities and questions that students were engaged with during the lecture, were graded. For the “reduce apprehension” dimension, the results show that 65% of the time when students were engaged in an activity, the instructor reminded them that making mistakes and errors is a natural part of learning (element R5).
TABLE 3 | The PORTAAL assessment outcome for a single lecture.
[image: Table 3]The DART outcome was produced by uploading the audio file of the lecture to the DART website (https://sepaldart.herokuapp.com/) (Figure 2). The top graph (Figure 2A) shows the classroom noise (decibels) throughout the lecture (minutes) in waveform. The middle graph (Figure 2B) depicts the DART prediction of the waveform, where the colors indicate three different audio modes of single voice (green), multiple voice (orange), and no voice (blue) added to the clean waveform figure. The bottom graph (Figure 2C) shows the approximate duration of each of the three DART sound categories identified within the classroom. For this lecture, about 83.4% of the lecture period is identified as a single voice, which could point to the period when the instructor was lecturing or streaming a video. About 13.6% of the class period was identified with multiple voices, which could indicate the moments when students were talking to each other or responding to the instructor (think-pair-share or group discussion). Finally, no sound was detected about 2.9% of the classroom period, which could describe the period students were individually working on a question or an activity.
[image: Figure 2]FIGURE 2 | The DART sound analysis of a single lecture showing (A) the clean waveform of the classroom sound (decibels) throughout the lecture (hour: minute), (B) DART prediction of the waveform, where colors indicating three different modes of single voice (green), multiple voice (orange), and no voice (blue) are added to the clean waveform, (C) the approximate duration of each of the three DART sound categories identified within a classroom. The figures are original outputs produced by the DART algorithm.
Aligning Actual and Expected Outcomes of the Classroom Observation Tools
The final assessments generated (Figures 1, 2; Table 4 and Supplementary Figures S1, S2 and Supplementary Table S4) were compared with the expected outcomes produced from surveying the STEM instructors (Table 2) and are presented in Table 4.
TABLE 4 | Comparison of the final assessment outcomes of COPUS, PORTAAL, and DART with the list of outcomes developed from surveying STEM instructors.
[image: Table 4]This comparison indicates that the sound analysis of DART provides an estimation of the frequencies of active learning and lecturing without specifying the types of activities used in the classroom. DART did not meet any other expected outcomes. The other two tools, COPUS and PORTAAL provide additional layers of information about the teaching practices and activities that students are involved in within the classroom. From the COPUS output, one can deduct the types of active learning techniques used in the classroom, such as students asking questions, giving presentations, discussing answers, or responding to formative assessment, using clickers. In addition to the information DART and COPUS provided, PORTAAL assessed the cognitive level of activities and questions asked during class time. Along with assessing other teaching practices, this tool provides assessment information about the presence and frequency of inclusive teaching practices such as the use of positive feedback and encouragement towards the class (Table 4).
The Course Instructor’s Feedback
The Instructor found DART final assessment results (Figure 2 and Supplementary Figure S2) to be the easiest to understand with the shortest time investment, followed by COPUS (Figure 1 and Supplementary Figure S1) and PORTAAL (Table 3 and Supplementary Tables S4), with approximately the same time commitment.
Regarding DART, the Instructor explained
“I could very quickly distinguish between the amount of time when I was passively lecturing and when the students were actively participating in the classroom. In my mind, I thought the students were part of the dialogue much more frequently. The lack of noise in the classroom told me when the students were answering poll questions or were thinking about a solution for a problem. DART helped me recognize that I need more activities in the classroom, however, this tool did not help me identify what those tools are.”
Regarding COPUS, the Instructor explained that after dedicating some time to become familiar with the description of the codes (Supplementary Table S1), he found the COPUS graphs easily understandable, providing straightforward information about teaching practices and students’ activities during lectures. He added,
“It is very helpful that I can see the pattern of either lecturing or student participation. I can see when students are active, so it helps me determine how to adjust activities. The assessment clearly highlighted how much I lectured. According to the bubble graph, overall, I lecture 80–100% of the time, with only a couple of lectures when students are more active (25 and 50% of the time). I was surprised to see that the discussion of poll questions and student presentations were near zero in some lectures. Clearly, I incorrectly thought that those were activities I used in class very frequently to engage students.”
The Instructor stated that the PORTAAL results were also easy to comprehend. He indicated that he only needed to consult the dimensions and the elements listed and the conversion chart (Supplementary Table S2) in a few cases. He added,
“The detailed outcome of analyzing my lectures with this tool helped me identify the exact gaps I had in my teaching. For example, it made me realize that I do not allocate any time for students to explain their logic to each other, or I do not praise my class enough to encourage them. I haven’t thought of some of these activities before, and these results help me focus on those gaps.”
The overall TPI score (self-teaching assessment survey) of the Course based on the Instructor’s responses was 32 out of 67 possible points (47.7%). The Item III of TPI, which is related to In-Classroom activities (Supplementary Table S5), shows the Instructor’s assessment of the proportion of time typically spent on lecturing (40–60%) and other in-classroom assessed items. In comparison with COPUS, PORTAAL, and DART assessment outcomes (Supplementary Figures S1, S2 and Supplementary Table S4), the Instructor found that the TPI self-assessment outcome was slightly optimistic regarding the proportion of active learning practices he used during the lectures.
Comparing the Effort Associated With Using the Classroom Observation Tools
The time Observers spent during the training phase and coding of a typical 50-min Course lecture, as well as converting raw data into meaningful outcome results is shown in Table 5. This comparison showed the following time commitment: PORTAAL > COPUS > DART. The time spent working with COPUS and PORTAAL was about nine times more than that spent working with DART, most of which was spent during the training. The low interrater reliability values (<0.8) when working with these two tools led to more individual coding and group discussions, and the development of a coding consensus document. During the reviewing phase, the average time spent (coding) on a 50-min lecture was 1.5 h for PORTAAL, 1.1 h for COPUS, 0.2 h for DART. In PORTAAL and COPUS the additional time was spent on pausing, rewinding of the recording, and consulting the coding consensus document. For COPUS and PORTAAL, slightly more than half an hour (0.6 h) was spent on data processing and visualization of the results. The DART algorithm processed and produced the visual representation of the results, so no additional time was spent by the Observers at this stage.
TABLE 5 | The amount of time (mean ± SD) Observers spent, in hours, during the training, reviewing/coding, and curating raw data when working with COPUS, PORTAAL, and DART to assess a typical 50-min Course lecture.
[image: Table 5]Finally, Table 6 summarizes the information gained from COPUS, PORTAAL, and DART. This can provide further guidance to instructors aiming to assess their classroom activities and can assist them with selecting the most suitable tool based on their needs and available resources.
TABLE 6 | A summary of COPUS, PORTAAL, and DART characteristics.
[image: Table 6]DISCUSSION
In this study, from the instructors’ perspective, we compared the assessment outcome and the efforts associated with using 3 classroom observation protocols: COPUS, PORTAAL, and DART. Our study shows that all 3 tools provide valuable information about teaching and learning in the classroom, however, the detail of the outcome and invested effort differed among the tools. While PORTAAL provided the most detailed outcome about the quality of teaching and student engagement, it demanded the greatest effort by the Observers. A rough estimation of the frequency of active learning in the classroom was provided by DART and it demanded the least effort from the Observers. The level of assessment outcome and the effort when using COPUS was found to be less than PORTAAL, and more than DART.
Several studies that have used COPUS (Lund et al., 2015, AuerbachAnna Jo and Andrews 2018, Kranzfelder et al., 2019; Weir et al., 2019) found it an efficient and objective instrument in assessing the activities instructor and students do in the classroom. Similar to our experience, most of these studies found the need to practice COPUS coding using multiple lecture videos (n = 3–7) to attain reasonable IRR (Lund et al., 2015; Kranzfelder et al., 2019; Weir et al., 2019). The importance of having a high agreement among multiple observers is greater when the classroom assessment outcome is going to be used for education research. However, when the purpose is self or peer assessment, a single instructor or observer should be adequate to conduct the coding using COPUS or other classroom observation tools. This way the time investment during the training phase can be reduced as well. Coding recorded teaching sessions can be also helpful in the early stages of learning the tool and allow the reviewer to pause, rewind and check codes for more confident coding. After mastering COPUS, the tool can be used during live lectures by an experienced observer (Meaders et al., 2019). Although PORTAAL is cited by several studies in the research context (Wiggins et al., 2017, AuerbachAnna Jo and Andrews 2018, Cooper et al., 2018; Weir et al., 2019), we could not find any published study that used this tool for classroom assessment to date. However, this tool might have been used by instructors or staff at Centers for Teaching and Learning at different institutions and the outcome has not been publicly available. Studies report DART as a quick and easy tool for providing classroom feedback to teachers (Howard et al., 2018) with a conservative and objective prediction of the frequency of active learning for multiple courses in a department (Owens and Gloriana TrujilloBlair. 2018). Because of the broad nature of the assessment outcome DART provides, the tool developers (Owens et al., 2017) suggest an assessment follow-up with other tools such as RTOP (Sawada et al., 2002) or COPUS if more detailed information is needed. There is also evidence of some coding mismatches with DART in this and other studies (Owens et al., 2017; Howard et al., 2018). For example, DART reported a higher proportion of Instructor lecturing compared to COPUS and PORTAAL (Figures 1A, 2C and Table 3), a false-positive for single voice misclassification which may require manual re-checking (Owens and Gloriana TrujilloBlair, 2018).
To select the most appropriate tool, we recommend instructors consider their desired outcome and resources (e.g., time, human observer). The assessment motive, which could be self-reflection, teaching improvement, or documentation of teaching excellence to be included in a portfolio or promotion documents, is an important factor in tool selection and may guide the user towards a descriptive or evaluative assessment tool. Both COPUS and DART can be categorized as descriptive assessment tools (Hora 2013), as they describe what happens in a classroom without an evaluation of the quality of the classroom teaching and learning. PORTAAL could be categorized more as an evaluative assessment tool as it is focused on the frequency of research-supported active learning practices which have been correlated with higher student achievement. PORTAAL developers suggest instructors assess the alignment between their teaching practices and PORTAAL’s suggested practices and work on improving their teaching according to the dimensions and items this tool describes. Another relevant criterion for the selection of a tool is the level of assessment granularity (broad vs fine). For example, DART provides a very broad level of assessment by focusing only on the frequency of active and non-active moments during lectures. However, if details on the type of activities during class are desired, COPUS is a better option as it offers a finely grained assessment. PORTAAL provides even greater resolution by zooming into the moments that students are active in the classroom and assessing the quality of teaching practices implemented. The granularity of assessment in terms of time is another important element that an instructor may need to consider when selecting a tool. Holistic tools require observers to evaluate items at the end of a class period such as RTOP (Sawada et al., 2002). However, in segmented tools such as COPUS, PORTAAL, and DART, observers record the presence of certain activities during short periods.
Some of the concerns raised by the group of STEM instructors surveyed in this study, were classroom disruption during the observation, the impact of the observation on student and instructor behavior, and the violation of students’ privacy during recording (Table 2). All of these are valid concerns in situations where the cameras or the observers are visible to the students and the instructor, for example in smaller-size courses or if the classroom recording is not a routine practice of a course. In the Course evaluated here, students were aware of the lecture recording and it was a routine part of the Course and, the cameras were not obvious as they were integrated into the audio-visual equipment of the lecture hall. This lowered the chances of classroom disruption and change of behavior due to the observation and recording. At the time of the recording, the instructor was also unaware of the future use of the recording for this study, therefore his behavior was not possibly altered as a result. Student privacy was another concern of the surveyed instructors. Observers must seek advice and consult the privacy rules of their institutions before any use of classroom observation or video/audio-recording tools where students or their conversations can be identified individually. In this work, the Institutional Review Board reviewed the study and did not state any related concern with the way classroom data were gathered and analyzed here.
Classroom observation is a powerful tool for assessing teaching and learning. In comparison to the end-of-semester student evaluations or unstructured peer evaluations which can produce more biased or subjective outcomes, these structured classroom observation tools can provide quantitative, objective, and standardized information about teaching and learning activities in a classroom. Like students overestimating their works (Biango-Daniels and Sarvary 2020), instructors have been shown to overestimate the frequency of active learning practices used in their classroom when their responses were compared with the information collected by a classroom observation tool (Ebert-May et al., 2011). In this study, the Teaching Practices Inventory (Wieman and Gilbert 2014) self-assessment survey taken by the Course Instructor also shows a slight overestimation of the use of active learning in the classroom when compared with COPUS, PORTAAL, and DART outcomes. In contrast, some research shows an alignment between faculty estimation of active learning in their courses and the outcome of a classroom observation tool (Owens and Gloriana TrujilloBlair, 2018). These varying results could be another reason for instructors to complement traditional evaluations of their courses with more independent classroom assessment tools like the ones studied here.
Limitations and Future Directions
Since in this study, the outcomes and efforts of the different classroom observation tools were assessed only in a large-enrollment lecture environment, we recommend caution in generalization of the current findings to courses with different characteristics, such as small-enrollment or laboratory courses. Due to resource limitations, we could only focus on 3 classroom assessment tools out of so many existing ones. Future research may consider comparing a larger number of classroom observation tools and include various teaching and learning environments including different types of institution types to provide a more helpful guideline for instructor users in selecting the most suitable tool.
CONCLUSION
This study aimed to provide a guide for instructors interested in evaluating active learning in their classrooms by comparing the outcomes and efforts associated with 3 commonly used classroom observation tools. We found that COPUS, PORTAAL, and DART, can all be used to objectively inform instructors about the frequency of active learning in their classrooms. Instructors interested in an extensive evaluation of active learning periods in the classroom may choose to use PORTAAL, noting that it requires the largest effort to implement. A broad characterization of active learning can be achieved using DART with minimal time investment by the instructor but may require follow-up using a tool such as COPUS which provides more resolution regarding the types of activities occurring in the classroom. Selecting the appropriate tool will depend on factors related to the information the instructor desires and the time they can commit to obtaining it. There is a need for objective classroom assessment as instructors tend to overestimate the active learning that occurs in their classrooms. In combination with self-evaluation, the implementation of these tools can be used to showcase improvement and excellence of teaching to be included in teaching applications, promotion packages, and tenure dossiers, and may contribute to greater student achievement.
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