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compared to instruction without this kind of software [7]. This type of software supports 
deliberate practice [15] in solving complex problems with “step-based tutoring” [22] 
and individualized mastery learning [8]. We target “real time” scenarios in which a 
class of students works with tutoring software, each student working individually at 
their own pace, and a teacher is available to help the students. The teacher monitors the 
class and interacts with students (often individually) to provide extra help or 
encouragement. 
Creating teacher support tools for this kind of scenario presents several novel design 

challenges, compared to past work on teacher analytics tools. First, many existing real-
time teacher support tools have been designed with the assumption that a class of 
students progresses through instructional activities in a relatively synchronized manner. 
By contrast, ITSs often support personalized mastery learning [8], which means that 
students proceed in a self-paced manner, work on different problem-solving activities 
at the same time, and finish milestones at different times [21]. Second, few teacher tools 
are designed to be used in conjunction with ITSs. These systems are typically capable 
of producing rich analytics [6], yet much is still unknown regarding how best to 
leverage these analytics to support teachers in real-time scenarios.  
Recent work has started to look at these challenges by creating teacher tools for 

scenarios in which students ITSs (e.g., [11,18,25]) or other classroom scenarios [1,16]. 
Some reporting tools designed for use in conjunction with an ITS support detailed 
monitoring of student progress [3,5]. Other tools are helpful to teachers during 
classroom discussions of homework assigned through the system [14] or during lesson 
planning [25]. Yet other tools were designed to be independent of any learning software 
[2]. A few of these projects yielded implemented tools for real-time scenarios, including 
Lumilo, mixed-reality smart glasses that support teachers in real-time scenarios with 
ITSs [11]. A classroom experiment with Lumilo provides evidence that a real-time 
analytics tool can measurably change how teachers allocate their time and attention 
among students, yielding better learning outcomes for students [13]. While Lumilo 
provides answers to our design challenges, it requires hardware (mixed-reality devices) 
that is not often available (yet) in schools. Thus, how best to design tools that support 
teachers in helping students who are engaged in personalized, technology-enhanced, 
self-paced learning, is still largely an open design problem. 
In the current work, we address the question: How might we design a dashboard that 

displays analytics from (K-12) students’ work with an ITS to support teachers in aiding 
students in real time, during their work with the ITS? Building on the prior work with 
Lumilo, we conducted a process of human-centered research and design, grounding our 
designs in data about teachers’ goals and needs, uncovered through a range of design 
activities. We created a new dashboard, named Tutti, within the infrastructure for 
development of ITSs named CTAT+Tutorshop [3].  
The paper is structured as follows: After describing the instructional contexts for 

which Tutti is designed, we give a brief overview of the design as it is currently 
implemented (it is fully functioning). In the following sections, we describe the process 
that led to this design, present some of the insights that resulted from that process and 
that helped shape the design of Tutti, look at key design features and describe how they 
are grounded in data from our many interactions with teachers.  
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2 Context 

The current work targets contexts in which students engage in self-paced, personalized 
learning with AI-based tutoring software, by now a common occurrence in K-12 in the 
US and elsewhere [16, 23]. It covers scenarios in which students are either present in 
class or work remotely, either synchronously or asynchronously. Using the tutoring 
software, they work through assigned problem sets, each targeting a set of knowledge 
components, also called “skills.” The software uses a form of AI plan recognition to 
assess student work at the level of problem steps and provides guidance in the form of 
hints and feedback. It also supports individualized mastery learning: Students move on 
to the next problem set only when they master the skills targeted in the current, as 
assessed by the system [6]. The design of the tutoring software is grounded in cognitive 
theory, theory of deliberate practice, and notions of scaffolding/tutoring [15]. 
When a class of students uses tutoring software, students typically work through 

assigned problem sets at their own pace. Thus, at any given point in time, different 
students work on different learning objectives or problem-solving tasks, even when 
they are working synchronously in the classroom. A teacher monitors the class and 
helps students in situations that the software is not designed well to handle. Other 
teacher goals may be to keep students on task, to keep them motivated, as well as to 
encourage and praise them. In remote learning, much of the communication and 
progress monitoring is mediated through technology. In in-person scenarios, teachers 
tend to move around the classroom and can talk to students to better understand their 
struggles or celebrate their successes. Yet it is not always easy for a teacher to assess 
who needs help the most, as students may hide their struggle, or, conversely, may ask 
for help when they do not need it urgently [24]. Further, teachers must be very efficient 
in their one-on-one interactions with students, as many students may need attention.  
The current work builds on a proven technology infrastructure for research and 

development of ITS called CTAT+Tutorshop [3]. The infrastructure provides tools for 
building tutoring systems and for deploying and using them in classrooms. It has been 
used to create many ITSs [3]. It also has many affordances to support the development 
of analytics tools. Although our examples in the current paper tend to focus on a tutoring 
system for equation solving, in principle Tutti can work with any tutoring system 
developed within the CTAT+Tutorshop infrastructure.  

3 Overview of Tutti’s Design 

We briefly overview the design of Tutti in its current implementation. In a later section, 
we discuss key design features in more detail.  
Similar to prior teacher dashboards designed for use with classes that use learning 

software [11,16,25], Tutti has a two-screen design. An overview screen (Fig. 1) shows 
information about each student in a class and is designed to draw the teacher’s attention 
to students who may need help (e.g., students who appear to be struggling or misusing 
the software) or deserve praise. At the teacher’s request, a deep dive screen (Figs. 2, 3) 
shows more information about any given student. This information might help a  
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Fig. 1: Overview screen with progress table (left) and stream of notifications (right). The names 
are not real student names. 
 
teacher assess more fully whether communication with any given student is needed 
(e.g., what skills, problem types, or errors a student is struggling with). 
The overview screen shows a table with information about each student’s progress 

and status (Fig. 1, left). Each of the small squares in the table represents a problem set, 
filled up (with black) in proportion to how far the student progressed through this 
problem set. A set of “indicators” capture each student’s recent learning experience 
(shown in the “Status” column in Fig 1). The indicators were developed and honed with 
frequent input from teachers in past research on the Lumilo system [11]. The indicators 
are: Struggle, system misuse (aka “gaming the system”), being off-task, and making 
good progress (so as to alert the teacher to opportunities for complimenting students). 
For example, to determine whether a student is struggling, their correctness rate over 
recent attempts is gauged, using a sliding window over student attempts. As well, the 
overview screen displays notifications of recent events regarding students’ learning 
with the software (Fig. 1, right). Notifications are generated when the status of an 
indicator changes or when a given status has persisted for a certain threshold amount of 
time. For example, an idle indicator (“Zzz”) appears when a student has not been 
working in the tutoring software for 2 minutes.  
The deep dive screen (Fig. 2) provides information about a single student’s progress 

through the assigned problem sets (top right), their mastery of the skills targeted in these 
problem sets (top left), and the problems they have solved (bottom left). The teacher 
can also look at a student’s areas of struggle, defined as skills on which the student has 
made little progress despite ample practice, a sign that the tutoring software might not 
be helping the student effectively and that extra help from the teacher could be 
beneficial. The display of areas of struggle was highly requested by teachers. For even 
more detail, a teacher can look at a student’s current problem solution (as a “remote 
peek over the shoulder,” a feature also found in Lumilo [9]) or at any of a student’s past 
problem solutions in full detail. Tutti offers two ways of doing so, both of which 
teachers found useful (as described below): Annotated Snapshots (Fig. 2, right panel) 
and Replay (Fig. 3). Both show a student’s stepwise attempts at solving a problem,  
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Fig. 2: Deep dive screen with information about an individual student, including areas of 
struggle, list of solved problems, and an annotated snapshot of a past problem solution (right) 
 

 
Fig. 3: Screen for replay of a student’s solution to one of the tutor problems 
 

displayed in the tutor interface. Snapshots provide quick insight into which problem 
steps were challenging, as indicated by the number of errors and hints, shown with icons 
in Fig. 2. Replay steps through a student’s attempts including errors and hints.  

4 Research Activities 

To create Tutti we carried out a process of user-centered research and design, working 
with a total of 20 teachers across a range of research activities. In the current section, 
we describe the activities. In subsequent sections, we present the results.  
 
1. Discovering teachers’ needs. We conducted needs finding and concept validation 
exercises with six middle school math teachers from six school districts across the 
United States during the Fall of 2020. Three teachers were teaching fully remotely and 
three were teaching in a hybrid model (i.e., in-person instruction two days a week, 
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remote instruction three days a week). We conducted six sessions, each lasting one hour 
per teacher. These sessions included semi-structured interviews and storyboard-based 
speed dating exercises [26]. Afterwards, we used affinity diagramming to reveal 
important themes in the teacher comments [10]. 
 
2. Refining the understanding of teachers’ needs. We conducted speed dating 
sessions to solicit teachers’ feedback, preferences, and motivations [26], prompted by 
a set of 10 storyboards. The storyboards depicted scenarios with possible dashboard 
designs that varied along three key dimensions: (1) Whether the instruction is in-person, 
remote, or a combination, (2) how examples of student work are presented in the 
analytics tool: as a Snapshot, as Replay, or a Live Feed of a student’s screen as they are 
working in the tutoring software, and (3) options for teacher-student communication 
(audio, chat, or drawing on a shared representation of the student’s problem interface 
combined with chat balloons). We also asked teachers what additional features and 
improvements they would like to see, compared to the storyboards. We clustered the 
resulting quotes to discover themes using affinity diagramming [10].  
 
3. Scoping and implementing Tutti. Given that our needs-finding activities revealed 
an almost desperate need on the part of teachers to be better informed of what their 
students are doing during instructional sessions, we started implementing the dashboard 
early on during the project. We pursued the most popular ideas, including notifications 
of events in the learning software that might need the teacher’s attention, and different 
ways of displaying instances of student work (Snapshots and Replay). Over time, 
schools gradually started shifting back to in-person instruction, which led us to 
prioritize features of the dashboard that were most useful for in-person instruction. 
 
4. Piloting an early implementation of Tutti in remote classrooms. As the 
implementation effort was underway, several opportunities arose (during 2020-2021) 
to conduct a pilot study with an early version of the dashboard, as part of an unrelated 
research project. Although only the overview screen had been implemented, we figured 
the Tutti could still be helpful. We asked the teachers who participated in the study if 
they were interested in using it even though it was not yet in a perfect state. All of them 
agreed. We used the dashboard with three teachers in three schools in the US. One 
school was operating in a hybrid mode (with some students participating in-person and 
others joining remotely) whereas the other two schools operated fully remotely. In all 
sessions (30 in total), students were assigned individual work with algebra tutoring 
software. The teachers helped the students while the students were using the software. 
Experimenters attended each session remotely to provide help where needed. Before 
the study, teachers worked through instructional materials about Tutti. During the 
study, teachers and experimenters had access to and monitored the dashboard. 
 
5. Testing hi-fi prototypes. We conducted a series of prototyping sessions with early 
implementations of the dashboard to hone its design and usability. During these 
sessions, we interviewed teachers as they interacted with the tool. Four math teachers 
(grades 6 through 12) and one math director participated, with an average teaching 
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experience of 19 years. One teacher was in Taiwan, the rest were in the US. All 
participants were asked to think aloud while performing 20 tasks using the dashboard’s 
interactive capabilities. (The dashboard however was not updated in real-time during 
this study.) They were asked to report any potential problems they noticed,  if they were 
to use it in class. We made many changes to the dashboard because of the findings. 
 
6. Conducting replay studies. As a final way of honing the design of Tutti we 
conducted replay studies, that is, prototyping sessions during which teachers 
experienced some of the dynamic behaviors of the tool, though outside the real 
classroom environment. To create the dynamic behaviors, we replayed log data from a 
class of students (which captures their interactions with the tutoring software) through 
the dashboard in real time. The tool would update as it would if it were used during the 
real class session (cf. the Replay Enactments method [11]). In addition to testing 
usability, the study focused on how teachers would use the dashboard information to 
support their real-time decisions regarding whom to help. We also asked interview 
questions about desirable features in the tool. Three math teachers participated, all of 
whom had participated previously, with on average 19 years of teaching experience, 
teaching grades 7-12; one teacher taught special education classes. The data that was 
replayed came from a 6th grade class of 11 students, collected during the pilot study. 
As a result of the findings from this study, we made many changes to the dashboard. 

5 Results from Teacher Interviews 

We present insights from the early need finding activities (Research Activity #1).  
 
Learning process: “I wish I could see what they’re doing.” All participating teachers 
described frustration when it came to identifying what students needed or how they 
were doing. Several of them noted the value in being able to see students’ processes 
and actions as they normally would in their classroom. Several teachers working with 
MATHia (a commercially available tutoring system for mathematics) described how 
they used reports generated by the software and the software’s live dashboard to 
understand if the students were working in the tutoring software, completed their 
assignments, and were on track to master content. They expressed a need for more 
detailed live information about what students were doing, as existing tools did not allow 
for remote monitoring. They described requesting or sharing screenshots with students 
over email or asking students to share their screens during individual meetings via 
teleconferencing software as a form of remote monitoring. However, not all students 
would respond or engage in one-on-ones with teachers.  

Real-time: “I want to know as soon as possible.” Teachers wanted to get information 
about students as quickly as possible, so that they could correct problems immediately 
and provide timely praise. With remote instruction, teachers felt they could not identify 
and correct problems immediately as was possible in their normal classrooms. As a 
result, they could be missing moments of struggle until an assessment; some teachers 
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strongly preferred reaching out and reteaching content to students before they 
experienced further frustration. Teachers also described missing the ability to quickly 
provide praise and support. One teacher remarked, “Encouragement is a huge part of 
learning, saying, hey, you’re moving in the right direction!”  

6 Insights from Storyboard Study 

We present insights gained from the study with storyboards, Research Activity #2 listed 
above, which, as mentioned, focused on three aspects: Instructional context, displaying 
instances of student work, and technology options for teacher-student communication. 
 
Viewing specific instances of a student’s work is valuable. Consistent with our 
earlier findings and those from the Lumilo project [11], the participating teachers 
unanimously valued the ability to follow students’ processes in specific problem 
instances, both current and past. They viewed the different display options (Snapshots, 
Replay, Live Feed) as overlapping but complementary. The live problem view was 
deemed useful primarily for remote scenarios, as it may enable quick feedback and 
avoids the need for screen sharing by the student. Teachers felt that Replay (more so 
than Snapshots) enables them to investigate a student’s challenges.  
 
Time is of the essence. Teachers (without prompting) evaluated whether the tool 
concepts depicted in the storyboards would help them operate efficiently. They found 
Snapshots attractive because they give quick insight, whereas they questioned whether 
they would have the time to use Replays or Live Feeds. Chat was viewed as the most 
efficient communication method, provided it would be well integrated with the 
dashboard and the tutoring software. The combination of Live Feed with drawing and 
chat was viewed as an efficient combination for use in remote scenarios. In live 
scenarios, teachers said they instead preferred to walk up to a student and talk.  
 
Private communications with students are highly preferable. Consistent with past 
work on Lumilo [11], teachers valued tool and communication options that would 
safeguard students’ privacy, in the sense that a student’s struggles would not be known 
or visible to the entire class. For example, they did not want to show student names 
when displaying a Replay or when displaying the full dashboard to the class. 
 
Teacher attention might help increase participation in class. Some teachers stated 
that students might be more motivated if they felt the teacher was keeping an eye on 
them - which the dashboard might help them do. They thought it might help to send 
“wake-up calls” (using chat or audio) to idling students or students misusing the system. 
 
Teacher-student one-on-one communications via chat might be useful especially 
for remote students. Teachers thought audio communication with remote learners 
would be natural; they unanimously felt “normal interactions” would be possible in this 
manner (e.g., to redo a problem together with a student). One teacher mentioned that 
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the use of chat in in-person scenarios might support multitask helping (help one student, 
write another; send a quick message and not interrupt students). They suggested having 
pre-defined, easily-customizable chat messages. 

7 Observations from Remote Classroom Piloting 

During the remote classroom pilots (Research Activity #4), teachers’ activity with the 
dashboard’s overview screen focused on checking which students were actively 
working on the tutor. (The Deep Dive screen had not been implemented yet.) During 
fully-remote sessions, many students had their webcam off, so teachers had no other 
easy way of ascertaining this information. The need to know who is working during 
educational technology use in fully-remote sessions has also been reported elsewhere 
[17]. The study revealed a need for a communication channel built into the dashboard 
when used for a remote or hybrid instructional mode, so teachers would not need a 
separate video conferencing tool (e.g., Zoom) to talk to a student. 
We also observed that teachers did not make use of the notifications displayed on 

the dashboard’s overview screen. We did not observe any instances, for example, where 
a teacher reached out to a particular student when a notification showed that the student 
was struggling. In this remote teaching context, teachers appeared to be occupied more 
with encouraging students to use the software and reaching out to students who did not 
make much progress (which could be gleaned from the progress table better than from 
the notifications) than reacting to indications of struggle. Indeed, during the study 
sessions, the teachers and experimenters exchanged many private messages regarding 
who is working on the software and who is not. This is not to say that notifications are 
not useful. Rather, their utility may depend on context, such as remote/in-person, and 
other factors (e.g., specific instructional goals teachers may have).  

8 Key Design Features with Rationale 

Following the storyboards, we narrowed our scope to focus on a smaller set of features 
that we expected to be useful for teachers. As (so far) teachers valued both Snapshot 
and Replay for in-class teaching, we decided to keep both, to further explore their 
complementary strengths through higher-fidelity prototyping. We put the Live Feed on 
hold, as the teachers said they would not use it often in person. Moreover, a live view 
had already been explored in past research on Lumilo [11]. We also dropped the 
communication options. Although some teachers saw use for them in live classrooms, 
we prioritized the display of analytics. Within this scope, the main design features are: 
(1) Two-screen design with easy navigation from class overview to student-level deep 
dive, (2) dual representations of students’ status and recent behaviors (progress table 
and notifications) and (3) two ways of viewing instances of student work (Snapshots 
and Replay). These features kept evolving during the subsequent activities (hi-fi 
prototyping and replay study). In the current section, we provide more detail about these 
features as they were at the end of the process. We also describe how they are grounded 
in data gathered during our interactions with teachers.  
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8.1 Two-screen dashboard design 

As mentioned, Tutti combines an overview screen (see Fig. 1) that provides information 
about each student in a class with a deep dive screen (Figs. 2, 3) that provides more 
detailed information about any given student’s learning experiences. The information 
on the overview screen may help teachers get an initial sense of which students might 
need their attention (Fig 1). To this end, the overview screen (a) summarizes progress 
through the problem sets with a simple visualization, (b) summarizes each student’s 
learning state with indicators adopted from Lumilo, and (c) presents notifications of 
recent events regarding students’ learning. 
The information on the deep dive screen helps a teacher gain further insight into 

whether communication with the given student could be beneficial and what it might 
focus on (e.g., what skills, problem types, or errors a student may be struggling with). 
The deep dive screen may be a teacher’s sole source of information about a student’s 
work in remote scenarios. The deep dive screen provides information about the given 
student’s progress through the assigned problem sets (Fig 2, top right), with more detail 
available at the teacher’s request including information about a student’s skill mastery, 
areas of struggle (i.e., skills with substantial practice but low mastery; see Fig 2., top 
left), and past problems (Fig 2, bottom left). The problem list helps teachers gain insight 
into what problems were difficult for the given student, with information such as counts 
of errors, hints, and correct steps as well as the same indicators of progress and struggle 
that are used on the overview screen. Teachers can filter the problem list by skill, to 
select problem instances to inspect using either a Snapshot (Fig. 2, right) or a Replay 
of the solution (Fig. 3), as described in more detail below.  
Teachers can access a student’s deep dive screen in multiple ways, a design feature 

that make it easier to follow leads gathered from information on the overview screen. 
When the teacher clicks on a notification on the overview screen, the deep dive screen 
is initialized with information relevant to that notification, namely, the problem set and 
the problem the student was working on when the notification occurred. Similarly, 
when the teacher clicks on a student listed in the overview screen, the deep dive screen 
shows information related to that student’s current problem set and problem. 
The two-screen design (with a class overview screen and student-specific deep dive 

screen) is found in other teacher tools as well, including two dashboards used (like 
Tutti) in conjunction with AI-based tutoring software, Luna [25] and Lumilo [11]. 
These dashboards share the same raw data — tutor interaction data — and use analytics 
derived from that data. There are, however, some interesting differences regarding the 
information displayed on these dashboards, which could be attributed to the different 
use scenarios for which the dashboards were designed. For example, the overview 
screen of Luna, which is designed to support lesson planning, provides class aggregates, 
which are helpful when deciding what topic or examples to discuss in class. By contrast, 
Tutti only presents student-specific information on its overview screen, which is helpful 
when deciding which individual student to help. Further, where both Tutti and Lumilo 
present, on their student-specific deep dive screen, areas of struggle and examples of 
student work, Lumilo selects the examples for the teacher, whereas in Tutti the teacher 
has full control over which past problem instances to inspect.  
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8.2 State-based and event-based overview of students’ learning 

Although, on Tutti’s overview screen (see Fig. 1), there is overlap between the 
information shown in the progress table and that captured in notifications, teachers 
preferred to have both representations. They use them for different purposes, and 
different teachers tend to rely to a greater or lesser extent on the notifications. In remote 
scenarios, the progress table shows which students are working with the tutoring 
software at any given moment, information they could not ascertain easily in other 
ways. The progress table also shows the current indicator values for each student.   
The notifications draw teachers’ attention to recent events. They are generated when 

there is a change of status in an indicator variable for a given student (e.g., a student 
enters the “idle” state or satisfies the definition for struggle). They also change (and are 
then displayed again at the top of the list) when a status has existed for a certain 
threshold amount of time. The notifications show how long the status has persisted (e.g., 
how long the student has been idle), the student, the problem set, and the specific 
problem the student is working on. Teachers can sort the notifications by student name 
or recency and can filter the notifications by student, type, or skill. Filtering and sorting 
can help teachers identify students who need help, as indicated by recent notifications, 
or simply go student-by-student to check on each student. Filtering by notification type 
makes it easy to view (say) all the struggle notifications and check whether they occur 
on similar math problems, or to identify all idle students and perhaps address all of them 
at once. Filtering the notifications by skill helps to ascertain whether there are class-
level problems related to any specific skill. (Perhaps a brief mini lecture to the whole 
class is in order.) Some teachers mentioned that the notifications could help them get 
students back to work quickly (e.g., when there is no strong evidence of struggle, only 
an idle indicator or system misuse indicator). One teacher indicated they wanted the 
notifications to be always visible (i.e., on both the deep dive and overview screens). 

8.3 Snapshots and Replay to view examples of student work 

Many teachers indicated that viewing specific examples of a student’s work is a key 
way for them to discover what that student finds difficult. Initially, we thought of 
Snapshots and Replays of student work as alternative designs for meeting this need; we 
expected that teachers would gravitate towards one or the other. We found, however, 
that both were attractive options to teachers, with Replay being slightly preferred. 
Although an annotated Snapshot would appear to be faster (and time is of the essence, 
as discussed above), an argument in favor of Replay, in the words of one teacher, is that 
it is more like what you would see if you interacted with a student.  
Snapshots take up more screen real estate, compared to Replay, as the problem steps 

are annotated with “action icons” that represent each hint, error, and correct action (see 
Fig. 2, right). The main challenges in designing the Snapshot screen were placing these 
annotations so they do not cover up the problem steps and showing the order in which 
the student’s actions happened. We tried multiple concepts (e.g., numbering actions and 
representing multiple similar actions with a single icon). However, showing a row of 
single-action icons row seemed the most straightforward and easy to interpret. This 
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solution, however, communicates the order of student actions only for tutor interfaces 
in which the order of problem steps is fixed (e.g., the equation-solving tutor shown in 
Figs. 2 and 3), and not for tutor interfaces in which the order of steps can vary. At the 
suggestion of teachers, tapping or hovering on an action icon is used as an intuitive way 
to show specific errors or hints. We used the same color coding for hints, errors, and 
correct entries in all parts of the deep dive screen. Snapshots (unlike Replay, for 
technical reasons) can be applied to the student’s current problem, although without 
automatic live updating. A “Full screen” option for Snapshots helps allocate more 
screen space, which is useful for large tutor interfaces. The full-screen mode hides the 
student name, which is useful when the teacher wants to project a problem solution for 
the whole class to see and discuss. We also added a hide name button (top left, Fig. 2). 
Teachers strongly wanted to maintain student anonymity when sharing student work.  
Key design decisions in creating the Replay functionality were, first, to model the 

controls after those often used in media players (e.g., video/music); second, to make the 
bar draggable and minimizable so it does not obstruct the teacher’s view; and third, to 
use a fixed duration for each replayed action (2s; teachers preferred this speed). 
Teachers commented that they would use Replay for reviewing problem solutions with 
students, individually or with the whole class. One teacher commented that they would 
use Snapshots with the more advanced students, as doing so would be efficient, whereas 
for less advanced students, Replay would be more concrete and recognizable. During 
the replay study (Research Activity #6) Replay was a popular feature, although teachers 
also looked at Snapshots often and expressed a liking for them. Teachers suggested 
several new use cases for Replay. One teacher thought Replay might help them get to 
know new students more quickly. Another thought it might work as a homework tool 
for students who are behind. Finally, one teacher suggested Replay together with 
recording a proof of help might be used in parent-teacher conferences. 

9 Discussion and Conclusion  

Analytics-based support tools for teachers who run personalized classrooms with AI-
based software pose unique design challenges, yet there is relatively little general 
knowledge regarding the design of such tools. To address this challenge, we created 
Tutti through user-centered design and prototyping. Teachers found three main design 
features to be helpful: A design with both a class overview screen and a student-level 
deep dive screen, multiple views of data about a class of students (a progress table and 
notifications), and two ways of looking at specific instances of problems solved by a 
given student, either in the form of a Snapshot (with annotations that show hints and 
errors) and a Replay of all student step attempts and hints.  
The work adopts several design elements from Lumilo, a mixed-reality tool that 

helps teachers help their students during self-paced, personalized learning [11], but is 
also different. Tutti uses commonly available hardware (e.g., tablet computers). It adds 
interactive exploration of students’ learning experiences; it features multiple views of 
student information, ways of quickly finding past problem instances where a student 
struggled, and teacher control over which past problem instances to inspect. The work 
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confirms the value of the shared design elements and suggests there is value in the new 
elements (e.g., Snapshots and Replay).  
The work’s key contributions include new knowledge regarding the design of 

analytics tools for real-time helping of students during self-paced learning with AI-
based tutors, grounded in data about teachers’ needs. The work also contributes new 
insights into teachers’ needs during self-paced technology-enhanced learning and how 
these needs vary by context, such as whether instruction is in-person or remote. Further, 
the work provides new insight into how the importance of design features of real time 
analytics-based teacher tools varies by context. Regarding the generality of the work, 
Tutti is designed for use with any tutor built within CTAT+Tutorshop [3]. We tried out 
Tutti with several tutors built within this infrastructure and found it can be useful with 
them, although further generality testing is in order. More broadly, Tutti might be used 
with any tutoring system that supports stepwise problem-solving practice and tracks 
student learning of detailed skills. Perhaps some design features could be useful with 
other forms of technology-enhanced problem-solving practice as well.  
Although the design of Tutti is grounded in extensive data of teachers’ needs and an 

early version was pilot-tested in remote teaching scenarios, more classroom piloting 
with the complete tool is needed. A second limitation is that the design of Tutti is not 
grounded in data about students’ needs and preferences. It may help to study these needs 
for example through Holstein et al.’s multi-stakeholder iterative speed dating method 
[12]. Finally, it will be interesting to test, in a classroom study how students’ learning 
experiences and outcomes are affected when the teacher uses the dashboard (cf. [13]).  
Knowledge regarding the design of support tools for teachers, such as that generated 

in the current project, may have both practical and theoretical value: Practically, it may 
serve as a foundation for future projects. Theoretically, it enhances our understanding 
of how to harness the power of analytics for use by teachers in specific use scenarios. 
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