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Visualizing TDOP+ Classroom Observation Data using Dashboards

This is an Evidence-based Practice Paper; Research Brief. With the increase of potential data
sources for learning analytics (e.g., learning management systems, technology-enhanced
classrooms, and automated and manual classroom observation), learning dashboards are an
emerging area of development. To be meaningful, data — especially large data sets — requires
effective processing, analysis, and visualization [1]. Unlike traditional methods that depend on
participants’ willingness and ability to recall and report past experiences accurately (e.g.,
surveys, focus groups) there are now opportunities to capture real-time data on specific,
observable behaviors. This can be particularly useful in engineering courses, when the
instructor’s goals include active learning. Learning analytics can provide a passive, non-
intrusive approach to collecting data on learners’ interactions with their learning contexts but
introduces the complex challenge of interpreting the data [2]. Understanding the complexity of
teaching practices requires more than simple statistics; it requires visualization that connects the
data to the lens through which it is being analyzed. To make sense of the data, an understanding
of the pedagogical and technical context from which the data was generated is required [3].

As a result, there is a missed opportunity to use information that could inform institutions about
how classroom space (e.g., active learning space) is used and utilized. This type of aggregated
observation data could be particularly useful to enhance instructional space design (e.g., active
learning classrooms (ALCs)), as well as to support other systemic decision-making. In addition,
instructors and teaching teams who want to use evidence-based approaches to improve their
teaching, can struggle when trying to make sense of observational data.

As part of a multi-year research project studying instructor behaviour and tool use in a large-
scale active learning classroom, we have gathered a large dataset generated from classroom
observations. We saw an opportunity to address the challenge of interpreting our data by building
practical, descriptive activity information dashboards that productively visualize large datasets,
aiding in sense-making for users and administrators to identify patterns, and provide evidence for
ALC design decisions. The focus of this paper is the design and building of the TDOP+ Tool
Activity Dashboard, a set of information visualizations that:

e Processes aggregate observation data collected using the TDOP+ to visualize the data in a
meaningful way to different stakeholders

e Leverages principles from ecological interface design to build a dashboard that informs
design decision-making for ALCs by researchers, space designers, and administrators

e Continues the use of the project’s underpinning theoretical framework, Activity Theory
(AT), specifically to reveal activity system breakdowns

1. Large-Scale Active Learning Classroom Research Project

Since January 2020, we have been researching instructor behaviour in a large-scale (477 seat)
active learning space at a large public institution. The data was collected in engineering and
math courses. The foundation of this project’s analysis is Activity Theory (AT). This holistic lens
gives us language to describe and analyze observed tensions and breakdowns across teaching
teams and courses before, during, and after they teach in this large ALC environment.



Key research questions include:

1. How are technological artifacts used?
2. Do these technologies align with teaching teams’ pedagogical goals?
3. Does technology influence the adoption of active learning pedagogies?

Understanding how instructors understand tool affordances (i.e., possibilities for action offered
to users) is crucial to design, as they influence how effectively tools are understood and used [4].
While tools can extend capabilities to achieve otherwise unattainable goals, they may also limit
teaching practice [5]. The results of this work are intended to contribute to the improved usability
and usefulness of this large-scale active learning space and inform the design of similar spaces
that might be developed in the future.

1.1. Developing the TDOP+ (Teaching Dimensions Observation Protocol for Active
Learning Classrooms)

Earlier in the project, we detailed the process of combining two existing protocols (Teaching
Dimensions Observation Protocol (TDOP) and the Active Learning Classroom Observation Tool
(ALCOT)) into a new protocol, the TDOP+ [6]. The TDOP+ is pedagogically agnostic and
aligns with Activity Theory, enabling structured, scalable documentation of intrinsic and
extrinsic classroom orchestration, which underpins the dashboard visualizations presented.

When using the TDOP+, researchers can code for 76 observed behaviors. The TDOP+ was
modified to include all observed instructional technologies used by instructors in the ALC. The
data is further categorized using metadata into Teaching Dimensions[7], Pedagogy-Space-
Technology (PST) Framework [8], and Classroom Orchestration [9]. Data points are derived
from observed state events (e.g., they have a time duration like lecturing) or point events (e.g.,
they occur or do not occur like frequency of tool use). This added layer of analysis enables us to
use the data’s metadata to visualize activity in a way that answers the research questions. To give
a sense of the volume of data, each observation generates hundreds of rows of transactional data,
with observations averaging 164 rows per 50-minute class session.

2. TDOP+ Dashboard Design

2.1 Used theoretical framework (AT) to align data to analytic requirements

We built the TDOP+ Dashboard to visualize system breakdowns, focusing on contradictions
between what a user wants to do and what their tools enable them to do. The Tool Activity
Dashboards highlight how instructors (subjects) use—or do not use—tools to achieve teaching
goals (object of activity; see Figure 1). We analyze the use of both built-in (e.g., displays,
microphones) and brought-in (e.g., laptops, handouts) tools in enabling or constraining teaching



activity. Our analysis also considers divisions of labour, including instructors’ physical
movement and expanded roles (e.g., providing technical support during class).
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2.2 Used Work Domain Analysis to guide ecological interface design

The overall TDOP+ Tool Activity Dashboard design is based on an abstraction hierarchy
grounded in Activity Theory, which relates the artifacts and actors in the classroom within the
context of the university system in which this activity is occurring. Drawing on ecological
interface design (EID) heuristics [12], including work domain analysis [13], is a helpful interface
design methodology for this project because it focuses on the analysis of the domain as a system
instead of on a specific user (e.g., one instructor or one course).

An abstraction hierarchy uses five-levels of functional decomposition to move up and down the
system, with lower levels describing the physical components and the higher levels defining its
goals and purposes [14]. Drawing from a previous work domain analysis of the ALC, we built a
three-level (tool-level, course-level, project-level) screen hierarchy that visualizes the complexity
of socio-technical tool mediation within an active learning classroom. In Table 1, see a simplified
representation of the abstraction hierarchy represented in the TDOP+ Tool Activity Dashboard.

Table 1: Simplified Abstraction Hierarchy for the TDOP+ Tool Activity Dashboard

Level of Abstraction | Focus of Level TDOP+ Tool Activity Dashboard
Functional Purpose System Goals and Purposes | N/A
Abstract Function Underlying laws and Pedagogy (e.g., active learning);
principles student engagement
Generalized Function | Processes to achieve laws Tool use with co-occurring
and principles activities (e.g., timer use during
break out activity)
Physical Functions Physical components and Instructional Technology (e.g.,
equipment display, microphones, timer)
Physical Form Condition and location of N/A
equipment




3. TDOP+ Dashboard Prototypes

This paper focuses on the rationale for information design and data visualization rather than
navigation or usability features. Future research might include user experience testing to evaluate
the clarity and accessibility of these dashboards for their intended audiences. However, we have
considered user experience in the prototype design. For example, each TDOP+ Dashboard
includes consistent usability, including multiple user-controlled data splicers. Researchers can
manipulate filters to narrow or expand data by focal actor (e.g., instructor, students), course
details (e.g., year, term), or specific tools. The dashboard dynamically updates to display only the
data that aligns with the user’s selections. To build the dashboards, we use Python and Power BI.

3.1 Dashboard Prototype: Physical Functions (Tool Activity > Tool-level)

The Tool-level Activity Dashboard is the lowest level of abstraction and represents the physical
function layer of abstraction, see Appendix A: TDOP+ Tool Activity > Tool-level Dashboard
(Prototype v1). At this level of abstraction, we are using the Dashboard to visualize tool use (e.g.,
frequency). While AT uses the term tool broadly (i.e., to describe any mediator of human activity
[4], including language and abstract concepts (e.g., pedagogy)), we are using “tool” to describe
instructional technology artifacts. An artifact could be any technology such as a part of the Audio
Visual (AV) system in the classroom, an analog technology (e.g., whiteboard), or a device
brought in by the instructor such as a laptop.

At this level of abstraction, tool data visualized includes tables and figures showing how many
courses it was used in, who used it, and any technical issues coded during tool use. To add
context to tool use, tools have modifiers which further describe the tool. For example, during an
observation, the researcher would code Display (DI) as well as how many inputs were used to
populate the display regions. This screen also includes a table with further details, including what
(if any) activity state co-occurred with the tool use and any technical issues or notes relevant to
that use.

For breakdowns, we are looking for changes in behaviour (e.g., tool abandonment) and
difficulties using tools (e.g., technical issues). An example of downwards contextualization
revealed by this Dashboard would be that tool use decreases over time.

3.2 Dashboard Prototype 02: Generalized Functions (Tool Activity > Course-level)

The Course-level Dashboard represents the generalized functions level of abstraction. Moving up
in the levels of abstraction, this Dashboard, see Appendix B: TDOP+ Tool Activity > Course-
level Dashboard (Prototype v1), connects how tools are used to support different instructor-
centred activities during different class activity segments (e.g., lecturing, individualized
instruction). While tool use statistics are interesting to explore tool uptake and patterns of use,
focusing solely on tools without considering the broader environment (i.e., what else is
happening in the ALC) and community (i.e., who else is in the ALC), risks an incomplete
approach to analysis [15]. This level of abstraction introduces the relationship between observed
behaviour and the analytical taxonomies (PST framework and classroom orchestration).

At this level of abstraction, we introduce the class timeline visual, 7Tool use by focal actor. This is
a custom visual that uses time (i.e., the duration of a class session) to contextualize tool use by



indicating on a timeline when a tool is used and by which focal actor (e.g., instructor, teaching
assistant, student). Other visuals capture tool use by instructor, tool use by co-occurring state
behaviour, number of technical issues, if tool use was observed during an extrinsic or intrinsic
classroom orchestration activity, and percentage of overall tool use by focal actor. Located in the
bottom row of the dashboard, these visuals provide supporting information for the primary
graphics. We focus on instructor behaviour, but include generalized data on student activity,
especially for student-centered, active learning activities (e.g., responding to an instructor
question).

For breakdowns, we are looking for unexpected instances or patterns of activity. For example, if
regrouping is coded after using a tool this indicates something derailing the class plan. If this was
a pattern, it would lead to further analysis.

3.3 Dashboard Prototype 03: Abstract Functions (Tool Activity > Project-level)

The Project-level Activity Dashboard visualizes the data in aggregate, focusing on two summary
visuals: a comparison of the tools as they are used across courses and a course overview table
that displays at-a-glance any data outliers. At the abstract function level, which capture the
underlying laws and principles of the system, the project’s frameworks are most explicit [12].

In the Course Overview, see Appendix C: TDOP+ Tool Activity > Project-level Dashboard
(Prototype vl1), observed behaviours are summarized in bars using metadata associated with
behaviours in the observation ethogram. These taxonomies include teaching dimension (e.g.,
instructional technology, pedagogical strategies, cognitive engagement, etc.), classroom
orchestration (e.g., intrinsic teaching, extrinsic teaching) and the active learning ecosystem (e.g.,
technology, space, pedagogy). The Course Overview table also details the number of instructors
present, the number of technical issues (or notes) recorded, the total number of tools used, and a
tool count of how many times those tools were used.

For breakdowns, through the summary table, we are looking for courses with activity bar graphs
with abnormal percentages of classroom activity (e.g., most of the class being coded as extrinsic
teaching) that require further analysis by moving down into the generalized functions level of
abstraction.

4. Challenges using dashboards

As we developed the data set and the visualizations, challenges were encountered:

e Using classroom observation data objectively. While observation protocols have been
found to be more objective than faculty self-reports and student evaluations [17], their use
presents challenges such as ensuring the reliability of observational data (including inter-rater
reliability and real-time coding pressures), managing time commitments, minimizing
disruptions to class dynamics, and addressing observer bias and interpretation [ 18]. After
addressing these concerns, researchers must select or develop an observation protocol that
aligns with their specific research goals. The proliferation of protocols over the past decade
has made this selection process increasingly difficult for both practitioners and researchers
[19].



e Operationalizing AT is an ongoing challenge. AT is a continuously evolving framework,
and researchers navigate its evolving framework without a shared set of practices [4], [20],
[21]. While still in progress, the TDOP+ Tool Activity Dashboard continues the work of other
established researchers who use AT and who have shared their methods for operationalization
for different stages of research projects (e.g., interview protocols) [20]-[24].

e Building Dashboards requires cross-disciplinary expertise. Design (especially when
embedding a complex theoretical framework) requires careful attention to usability and the
varied needs of instructors, researchers, and administrators. While fields like ecological
interface design offer system design heuristics, there is limited research on visualizing
teaching activity in ways that support feedback and reflection across stakeholder groups. As
interest in learning analytics grows and tools like Power BI and Tableau become more
accessible, the design of learning dashboards will continue to evolve.

5. Future Work

For now, the TDOP+ Tool Activity Dashboards focus on one aspect of the activity system — tool
mediation in an active learning classroom. Future work could involve developing dashboards for
specific audiences, with additional dashboards developed to reveal more active learning
classroom dynamics. Talbert et. al [16] identified several areas worthy of future active learning
classroom research, including longitudinal studies as well as research that focuses on technology
and pedagogy. This dashboard offers a rare insight into tool use at an aggregate level over
multiple terms. Our project goal is to provide engineering education researchers, educational
technologists, and classroom designers with a tool for examining classroom practices. We see
great value in enabling instructors to reflect on their teaching practice and assist them in making
evidence-based changes to their course design via instructor-facing dashboards.

6. Conclusion

Researchers long ago identified that AT’s dynamic complexity also hinders its broader usability
[25]. The abstract and nuanced language of AT can be difficult to interpret, complicating the
translation of theoretical concepts into practical design interventions and strategies [26]. When
using AT, researchers are required to make the abstract concrete through (existing, modified, and
net-new) operationalization efforts. For this project, the dashboards are the culmination of this
operationalization effort. We plan to release the dataset collected using the TDOP+, further
encouraging others to complete their own observations, add to the dataset, and explore building
their own flexible information dashboards.

ALC:s are of particular interest to Engineering Education practitioners who seek to develop
graduate attributes (e.g., problem-solving, communication, and teamwork skills) in large classes,
using technology-mediated active learning strategies to meet their goals (e.g., to better prepare
students for the demands of 21* century STEM careers) [27]. With greater understanding of how
instructors are using and utilizing active learning classrooms, space designers and administrators
can continue to support the transition from more traditional lecture-based instruction to more
engaging and interactive learning environments.
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Appendix A: TDOP+ Tool Activity > Tool-level Dashboard (Prototype v1)
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Appendix B: TDOP+ Tool Activity > Course-level Dashboard (Prototype v1)
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Appendix C: : TDOP+ Tool Activity > Project-level Dashboard (Prototype v1)
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