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Abstract. The co-creation of educational technologies is dynamic in nature and poses challenges for analyzing
data generated during rapid and time-constrained co-design sessions. Thus, it’s challenging to closely investigate
how the co-design process played out over time, and how it led to certain technological innovations. Applying
Quantitative Ethnography methods, we aim to investigate how teachers and researchers collaboratively designed
data visualizations for an educational math game to measure their students' "persistence." In this poster, we report
preliminary findings based on the thematic analysis codebook that the research team iteratively established.
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Introduction

Learning Analytics (LA) can add value to teaching and learning practices in classrooms, for example, by
providing teachers with greater insight into students’ learning so they can provide timely feedback [1].
There are three challenges for integrating LA with educational technology in classrooms: (1) teachers must
understand how data is processed, (2) teachers must place appropriate value in LA's suggestions, and (3)
LA's data visualization tools must be usable by teachers in real contexts. We aim to understand the
interactions between teachers' assessment literacy, data visualization, and LA, within the context of game-
based assessment. Our team engaged teachers as co-designers of teacher-facing, interactive, LA data
dashboards, designed for enabling decision-making based on data gathered from an educational game,
Shadowspect. Shadowspect is a 3D puzzle game for assessing Common Core Geometry standards, student
persistence, and spatial reasoning [2]. To increase teachers’ rigorous use of game-based assessment data
and support pedagogical decisions based on LA, the project investigates how to co-design LA and data
visualizations that elicits teachers' active participation without imposing technical barriers. The end goal of
this research is to develop interactive data visualizations that embody generalizable, theoretically
articulated, and empirically grounded design principles.

To those ends, among other questions, our project asks: RQ1: How do teachers and researchers come to
understand each other’s values and desires during the co-design process? RQ2: How do teachers’ existing
assessment literacy and practices influence the process identified in RQ1?

In this poster, we share preliminary findings of our thematic analysis of one case study from that project.
This analysis was aimed at answering RQ1 and RQ2, and it centers on teacher/researcher discourse around
the measurement and visualization of students’ “persistence,” a salient desire of the teachers that emerged
early in the co-design process.

Methods



Context & Data Collection

We selected 8 math teachers as design fellows from 16 secondary school teachers who applied for an
open call for participation. The teachers were selected on their interests in educational values of games,
data use in classrooms, and co-designing processes. The team and teachers met monthly during
development iteration cycles for 12 months. A typical co-design session lasted 2 hours. Due to COVID-19,
all design sessions were conducted and recorded remotely via Zoom. The team collected several sources of
data: design session discussions, teacher interviews, teachers' individual think-alouds, artifacts generated
by the fellows, and the team's field notes. The focus of co-design activities varied, such as from generative
ideation with prompts to identify indicators for a metric, to trying out a prototype and creating a user journey
map to describe how they would use it in real classroom contexts [3].

Student “persistence” emerged early in the co-design process as a trait that participants wanted to
measure, visualize, understand, and respond to. For example, the research team asked the fellows to create
the kinds of stories that they wish to tell about students using analytics from the game, and the general
consensus was that, because the game encourages students to try challenging problems, teachers wanted to
see measurements related to growth, efforts, and progress. The fellows then defined, selected, and grouped
a set of metrics that they wished to see in the teacher-facing game data dashboard, and their top three choices
were persistence, math standards, and common errors and misconceptions. For this poster, we focus on the
first of these: persistence.

There are varying definitions of persistence in the literature, so participants and the research team
eventually operationalized persistence as the ability to maintain an action or complete a task, regardless of
one’s inclination towards the task, with the active choice to continue in a course of action, even in the face
of obstacles, difficulties, or discouragement [4,5]. While game-based learning literature has previously
defined and measured persistence [6,7], to date there has been no discussion on how teachers can use this
information in classrooms. Therefore, for this case study, we analyzed all sessions and individual think-
aloud activities that included explicit discussion of persistence in order to learn how the teachers' assessment
literacies, design requirements, and use of data visualizations arose within the context of that one concept.

Thematic Analysis

Transcripts of Zoom recordings where persistence was a topic of discussion were inductively coded,
where common themes were identified by a close reading of the data and iterative comparing, sorting, and
defining similar data [8,9]. Themes were agreed upon through social moderation within the research team
and triangulated with artifacts generated by the fellows and the team’s field notes [10]. The identified
themes are defined and illustrated in Table 1.

Table 1. Codebook

Label Code Example

MOTIVATION Discourse invoking participants' motivations for use "if I'm talking to parents...this is really good data to have" or
of the design, such as extrinsic pressures to "We're teaching these kids not just math, but we're trying to
incorporate more data in decision making and teach them to survive in the real world."
intrinsic motivations to see subjects succeed.

CONCEPTION Invoking or describing possible conceptual "A prerequisite to some of our definitions of persistence is
definitions for some bigger picture concern, such as failure."
defining a concept by its flavors or by what it
requires.

OPERATION- Invoking or describing implementations of a metric "I would want it to be...like, 'students who have made a real

ALIZATION for measuring some concept, such as tracking moves | attempt'...defining time-wise or move-wise" or "I'm
spent, tracking duration, developing composite wondering if...just like the number of reattempts would be
scores, and aligning multiple metrics. more interesting."

DESIGN Invoking the design itself, such as proposals for "It'd be important to me that...the students along the X axis
features, discussion of (imagined or real) features, are the same, graph-by-graph" or "I'm wondering if...that
desires for affordances, the limits of those visualization with the line and the bubbles seems confusing."
affordances, and evaluations of a design prototype.

CONCERN Invoking or implying concerns, critiques, or "There's like kids who sit and think, and there's kids who sit
confusions of a metric, a design, or the design and do nothing, so it's kind of hard to tell what's going on,

whether it's like active time or inactive time" or "I've been




process as a whole, such as pointing out conflating asking this question kind of all along. I'm not, I don't really
factors and confusion over what a metric represents. understand."

DESIGN TEAM References to the design team's power in relation to "We have some folks from [institution] who are letting us test
the participants, such as participants trusting a metric | out a game"
because it was created by this team.

DIGGING INTO Invoking or processes of participants' seeking richer "It felt like this third person...like, they kept trying. Like, they
qualitative understandings of their subjects, design eventually checked, like they changed the perspective again.
elements, or concepts through engagement (imagined | And then they eventually got rid of that triangular prism,
or real) with a design, such as comparing two checked their perspective again. It feels like they were more
subjects qualitatively and trying to uncover subjects' invested, and just like, couldn't quite get there" or "In all
thinking. honesty...I feel like I don't have time to sit and really dive

deep into the types of data that I'm getting."

ABDUCTION Invoking or describing ventured explanations " 'Time between failure and exit.' It looks like they're solving
prompted by information reported by a (imagined or every puzzle" or "most obvious ones are like the students that
real) design, such as subjects' traits, motivations, are not persisting, probably like logging out right away, and
skills, histories, and behaviors. those that are, like, getting in it, are really good problem-

solvers and are really good with their spatial skills, which are
the rapid solvers."

OBSERVATION Invoking participants' (imagined or real) "students that are very different types of students that you've
observations or assessments from outside of the learned from other views in class...to see that they've spent the
design, put into relation with (imagined or real) same time, but to want to know how they did it differently."
information reported by a design, such as subjects'
in-person behaviors or assessments of subjects made
prior to the design.

SELECTION Invoking or processes of participants' seeking to "I don't really care about the kids kind of in the middle, 'cause
identify subjects, design elements, or concepts for they're doing what they're supposed to be doing, they're
the purpose of taking action, such as identifying making progress...it's those outlier kids that need the extra
those with the highest or lowest scores on some attention."
metric.

ACTION Describing participants' strategies for actions to be "I would wanna sit down with that student and help them to
taken with respect to one or more of their subjects, in | develop strategies" or "this will be easy for me just to grab
relation to (imagined or real) information reported by | this and...I know I'm gonna put one rapid solver with one non-
the design, such as praising successes and persistent."
intervening in struggles.

TRANSPOSITION Invoking or processes of (real or imagined) "I think I'd want, like, an alert of like, 'This misconception
transpositions of the data collected by the design in was shown by, you know, 70% of your students in the past
order to focus on one dimension, such as on students, | week.' Like, 'Here's a puzzle you should look at."
on design elements, or on concepts.

Preliminary Findings
We found that although teachers agreed on the reason for persistence's central importance—persistence

is a life skill—, translating that value into a single conceptual definition was difficult [11]. Multiple
competing definitions arose, metrics were proposed, and it was the design team, not the teachers, that
ultimately selected which to implement according to technical feasibility [12]. Throughout the co-design
process, teachers demonstrated prior data literacy through critiques of these (proposed or implemented)
metrics. And teachers interacted, or imagined interactions, with these metrics through the dashboard design.
This design lent affordances and limitations to three major tasks for teachers' assessment and response
practices: (1) digging deeper into the data on one data point in order to come away with a richer qualitative
understanding; (2) “transposing” the data to focus on students, puzzles, or competencies; and (3) selecting
stand-out data points for further action [13,14]. Teachers advanced several ways to incorporate the design
into those actions and remarked on a number of motivating factors behind their interest in data dashboards.
And as teachers thought through how they might "dig" to gain rich understanding, we noticed three patterns:
(1) the design prompted teachers to reason abductively by venturing student-level explanations for why
they might see the data that they do; (2) iterating between abductive reasoning and rich understandings
appeared to lend confidence to both, a richer understanding resulting in better-held guesses, and vice versa;
and (3) those rich understandings were used to both explain and be explained by imagined observations of
their students in the broader classroom context [15]. Finally, it would be remiss to ignore the design team's
own power in the process: we interpreted teachers' conceptions and motivations, we implemented the
design, we were sometimes looked in to "check" the teachers' understandings, and teachers' may have
limited their critiques in conversations with us [16].



Conclusion & Next Steps

Our next steps are to share our general findings with the teacher community to elicit emic feedback,
automate coding of all session transcripts, and employ quantitative methods to elucidate relationships
between teacher’s assessment literacy, design requirements, use of visualization in classrooms, and the
overall trajectory of that discourse [9,17]. Our hope for this analysis is that the application of Quantitative
Ethnography (QE) methods to this case study will (1) provide the QE community a rich demonstration of
the temporal dynamics of the values that emerge in co-design processes with teachers, (2) allow us to
theoretically relate those dynamics to teachers’ existing assessment literacy and practices, and (3) combine
those results with our other research to develop interactive data visualizations that embody generalizable,
theoretically-articulated, and empirically-grounded design principles.
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