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ABSTRACT

Intelligent tutoring systems (ITSs) are commonly designed to
enhance student learning. However, they are not typically
designed to meet the needs of teachers who use them in their
classrooms. ITSs generate a wealth of analytics about student
learning and behavior, opening a rich design space for real-time
teacher support tools such as dashboards. Whereas real-time
dashboards for teachers have become popular with many learning
technologies, we are not aware of projects that have designed
dashboards for ITSs based on a broad investigation of teachers’
needs. We conducted design interviews with ten middle school
math teachers to explore their needs for on-the-spot support
during blended class sessions, as a first step in a user-centered
design process of a real-time dashboard. Based on multi-methods
analyses of this interview data, we identify several opportunities
for ITSs to better support teachers’ needs, noting that the analytics
commonly generated by existing teacher support tools do not
strongly align with the analytics teachers expect to be most useful.
We highlight key tensions and tradeoffs in the design of such real-
time supports for teachers, as revealed by “Speed Dating” possible
futures with teachers. This paper has implications for our ongoing
co-design of a real-time dashboard for ITSs, as well as broader
implications for the design of ITSs that can effectively collaborate
with teachers in classroom settings.
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1. INTRODUCTION

In recent years, there has been growing interest in teaching
analytics: the use of analytics to support teacher awareness,
reflection, and decision-making in both physical and virtual
classroom settings [2, 21, 22, 24]. In particular, there has been an
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increasing interest in the design and development of systems that
can support teachers’ on-the-spot decision-making, by presenting
them with actionable analytics in real-time (e.g., [2, 13]). Some of
this work has focused specifically on supporting teacher
monitoring and  decision-making in blended learning
environments, where students may work with adaptive learning
technologies at their own pace. A key advantage of such
classroom technologies is that they free the teacher to provide
more one-on-one support to students who may benefit from it the
most. However, they also present teachers with unique challenges,
as teachers are tasked with monitoring classrooms that may be
working on a broad range of divergent educational activities
simultaneously, and prioritizing help-giving across students, in the
face of limited time [2, 27].

We are working towards the design of a real-time dashboard for
teachers in K-12 classrooms who use adaptive educational
technologies [15, 19] as part of their instruction. In particular, we
are exploring how intelligent tutoring systems (ITSs) might be
better designed to meet the needs of teachers during blended class
sessions, and how a real-time dashboard might meet some of these
needs. ITSs are a type of adaptive educational technology that
provide students with detailed, step-by-step feedback during
complex problem-solving practice, while adapting instruction
based on continuously-updated models of students’ current state.
These student models may include moment-by-moment estimates
of student knowledge (e.g., [38]), whether a student seems “stuck”
on a given skill (e.g., [19, 32]) or engaged in their current activity
(e.g., [34]), whether a student is exhibiting particular
misconceptions (e.g., [3]), and so on.

Despite several meta-reviews indicating that ITSs can
significantly enhance student learning, compared with traditional
classroom instruction and other types of educational technologies,
these systems have thus far struggled to achieve high adoption [4,
15] (though see [20, 35, 36]). A recent systematic review of the
ITS literature, conducted by Nye, assessed the amount of attention
the field has paid to various potential barriers to broader ITS
adoption. In this work, Nye considered barriers at multiple levels
relevant to technology adoption and use (student, teacher, and
school), and highlighted the relative rarity of research on
monitoring and customization tools designed to help teachers
integrate ITSs into their pedagogy. Noting that systems with
higher adoption (e.g., Cognitive Tutor, ASSISTments, and
ALEKS) tend to have some form of either monitoring or
customization tools for teachers, Nye speculated that under-
consideration of teachers’ needs in classrooms using ITSs may be
a significant factor affecting adoption and attrition [4]. Similarly,
other authors have speculated that a key barrier to adoption may
be that ITSs have not typically been designed with a focus on
teachers’ needs in blended classrooms [3, 9, 10, 26].



Over a decade ago, Yacef proposed a reframing of intelligent
tutoring systems as “intelligent teaching assistants” (ITAs):
intelligent systems that are designed with the dual objectives of
helping human teachers teach and helping students learn (rather
than just the latter objective, as is typical of ITSs) [7]. Others have
proposed similar directions, from the lens of optimizing student
learning: ITSs might better facilitate student learning if these
systems could both help and leverage human teachers, when
teachers are present in the classroom [4, 9, 11, 28]. While there
has been some work on real-time teacher support tools for ITSs
since the vision of ITAs was introduced (e.g., [8, 25, 29]), the
choices of analytics presented within these tools often appear to
have been influenced more by the availability of data, rather than
by an analysis of teachers’ needs (c.f. [24]). Recent work has
explored the use of participatory design approaches to inform the
design of real-time teacher support tools for blended learning
environments (e.g. [30]). However, while this work focused on
understanding how teachers would use an existing prototype of a
real-time dashboard to inform their pedagogy, in the present work
we aim to understand teachers’ needs for real-time support tools
in classrooms using ITSs prior to designing any such tools.

The structure of this paper is as follows: to better understand how
current ITSs may meet some of teachers’ needs, while failing to
meet others, we first present a brief case study of technology-use
practices and breakdowns among a group of middle school math
teachers who, for five years, used a widely-used ITS as a core
component of their regular classroom instruction. We share
findings from semi-structured interviews with two of these
teachers, examining the evolution of their classroom work
practices over this five-year period, as well as the reasons behind
their decision to discontinue use of the software and its associated
curriculum. As a first step in our user-centered design of a real-
time teacher’s dashboard, we then present a series of design
exercises that we conducted with teachers in order to better
understand their needs in classrooms that use ITSs. We discuss
the implications of our findings for the design of ITSs that can
facilitate synergistic interactions between K-12 teachers and their
students, via real-time analytics. In order to explore potential
barriers to adoption of such real-time supports, and also to detect
unexpected design opportunities, we then “speed date” a number
of imagined futures with teachers (presented as concept sketches
and storyboards) [5, 6]. Finally, we briefly discuss the broader
implications of these findings for the design of intelligent tutoring
systems that can effectively collaborate with human teachers, and
present directions for future work.

2. CASE STUDY: A FIVE YEAR
RELATIONSHIP BETWEEN TEACHERS
AND INTELLIGENT TUTORS

To gain a better sense of the ways current ITSs may meet some of
the needs of K-12 teachers but fail to meet others, we interviewed
two mathematics teachers (teachers 8 and 9 in Table 2) from a
school in the Pittsburgh area (school E in Table 1), who had used
an ITS in their classrooms for about five years. The interviews
were semi-structured, and incorporated a version of the Love
Letter and Breakup Letter design method, which uses
personification as a tool to probe participants’ original reasons for
adopting a technology (and continuing to use it for an extended
period) and their reasons for eventually “breaking up” with that
technology [6]. Our findings from these interviews are briefly
summarized below, charting these teachers’ journey from
adoption, to break-up, and then to the present.

According to the interviewed teachers, teachers at this school
originally pushed to adopt this ITS and its associated curriculum
as part of a larger teacher-led effort to move away from their
existing mathematics curriculum. These teachers felt that the
existing curriculum involved too much interleaving of topics, in
which “you never really get fully though a topic the first time, or
the second time, or the third time...”. Instead, they wanted to
move to a curriculum that “[teaches] a topic once, [making sure
that] they master it”, and then allows students and teachers to
move on. They found this mastery learning approach to
mathematics instruction appealing largely because they felt it
represented the sort of deeper, more focused learning that students
would be required to do in high school and beyond. As such, they
decided to adopt the ITS — which implemented a mastery learning
approach to activity sequencing — in part to provide their students
with extra scaffolding during the transition from shallower and
less independent learning (in elementary school) to deeper and
more self-regulated learning (in high school).

Table 1. Demographic information for schools

A Suburban 17.7%
B Urban nla

c Suburban 23.4%
D Suburban 29.3%
E Rural 30.7%

The interviewed teachers noted that the first year of using the ITS
in their classrooms was a challenging adjustment period. Despite
the support materials that came with the ITS at that time,
including a curriculum with associated materials such as
textbooks, professional development, and a reporting system that
allowed teachers to track their students’ progress regularly, these
teachers initially struggled to decide how best to monitor and help
their students during lab sessions in which students used the ITS.
In particular, they had trouble determining how to assess students
fairly and accurately given the self-paced nature of adaptive
learning technologies. A major constraint teachers face (in most
US K-12 schools, at least) is that they need to provide students
with letter grades and to communicate their reasons for assigning
a particular grade to both students and their parents. During this
first year, these teachers often found that it was difficult to justify
their decisions to assign students grades based on their progress
within the ITS — particularly when communicating with these
students’ parents. Teachers’ grading decisions often involved a
considerable amount of subjectivity, as it was often unclear how
to balance between grading students based on the progress
they’ve made in the software (i.e. how many units of the
curriculum a student has covered), how well students have
performed within those units (as shown in the software reports as
probabilities that a student has mastered each of a number of fine-
grained skills), and how much growth students have shown
individually (i.e., change in students’ per-skill probabilities of
mastery over time).

After the first year of use, teachers began to hold meetings to
share reflections, insights, and strategies on how to most
effectively use the ITS in their classrooms. Through these




meetings, teachers at this school collectively developed common
work practices and grading procedures to help mitigate some of
the major challenges they had encountered over the previous year.
For example, these teachers developed a uniform grading scheme
by setting goals for where students should be (in terms of the
number of units covered) at regular checkpoints throughout each
semester. The teachers decided upon these goals by pooling their
recollections of the unit most students had reached in the previous
year, by certain checkpoints (e.g., the beginning of each month).
If a student was one or more units behind the goal unit, at a
certain checkpoint, the teacher would use a control panel in the
software to manually push that student forward to the goal unit
(and the student would receive no credit for any intervening
units). This was done to keep the whole class relatively
synchronized over the course of the year, and to manage the
complexity of assigning individual letter grades when different
students have covered different amounts of material. Over time,
teachers’ grading schemes became more nuanced, as teachers
would annotate printed versions of the ITS-generated reports with
their own observations, collected each day while monitoring their
classrooms. They would sometimes integrate these annotations
with the ITS-generated metrics to assign grades — allowing for
partial credit to be given based on their perception of the student’s
effort or students’ growth over time, rather than just the speed at
which they reached mastery.

According to the interviewed teachers, they (and other teachers at
the school) ultimately agreed that continued use of the ITS was
not worth the cost, for three primary reasons:

1. Challenges of curriculum alignment. Late in the five-year use
period, the school district began a shift to a new mathematics
curriculum, and the teachers needed to drop the curriculum that
came with the ITS. During this time, teachers increasingly found
that it was challenging to align the school’s new mathematics
curriculum with the content and instructional design of the ITS.
Yet there was no convenient way for teachers to customize the
ITS’s content to meet their changing needs. One teacher suggested
that the ability to make relatively minor customizations to the
ITS’s problem interfaces (e.g., editing the way math problems
were represented, and altering the input format that the ITS would
accept from students) would have helped, but only if such
customizations could be made very quickly.

2. Semi-manual grading and monitoring systems were difficult
to maintain. Although the ITS generated detailed reports about
students’ progress and performance within the software (e.g.
probabilities that a student had mastered finely-defined skills in
the curriculum, and the number of hints a student had requested),
teachers noted that these reports did not provide them with
guidance about how to fairly and accurately assign students letter
grades based on the data. As such, the teachers felt the need to
develop their own grading system, which necessarily balanced
efforts to be fair and accurate with teachers’ time constraints.
Another key limitation these teachers highlighted was that it was
not always easy to identify students who were falling behind until
it was already “too late” for the student to catch up with the rest of
the class. That is, the most salient elements of the reports provided
by the ITS tended to be information about the past (e.g. that a
student had been overusing the ITS’s hints, or that a student had
not yet mastered finely-defined skills in the curriculum). But these
reports typically did not provide predictive analytics that could
help teachers anticipate problems and proactively intervene. One
teacher noted that they would have liked to be able to see the
likelihood that a student who had fallen behind the class would

actually be able to “catch up” with the other students, if given
more time. Without this information, pushing a student forward
almost always seemed like the most reasonable decision.

3. Perceived susceptibility of these systems to student misuse.
Some of the teachers perceived that ITSs are particularly
susceptible to “gaming” or “cheating” (e.g. abusing the hints that
the ITS provides, or solving a math problem via a brute force
approach). These teachers believed that, since they had often been
unable to catch these behaviors in a timely manner, some of their
students had likely wasted a large amount of learning time.
Research supports these teachers’ intuitions to a degree: gaming
behaviors in ITSs have consistently been shown to have a
negative impact on student learning, overall (although not all
gaming behaviors are necessarily harmful, and only a relatively
small proportion of students has a tendency to game the system)
[37]. These teachers were also skeptical that a fully automated
mechanism could prevent students from gaming. One of the
interviewed teachers suggested that alerts about such misbehavior,
which are easily hidden in large computer labs, should be sent to
the teacher right away.

Reasons 1 and 2 correspond closely with two of the issues that
Nye highlighted as relatively under-considered in the ITS
literature — namely the lack of sufficient customization and
monitoring capabilities [4]. Each of these cases can be viewed as
an instance of the teacher adapting to the technology, rather than
the other way around [3, 26]. The length and difficulty of
teachers’ adjustment to the use of ITSs in their instruction may
also highlight a need for enhanced early support, in the form of
improved teacher training tools and peer support systems that
facilitate faster sharing of strategies and observations between
teachers (as teachers eventually felt the need to band together, but
did so only after significant struggle). Teachers’ practice of
“pushing students forward” when they do not achieve mastery
quickly enough represents an interesting case, as recent research
suggests that such teacher “overrides” of ITSs’ mastery learning
algorithms can be quite harmful to student learning over the
course of a school year [31]. This points both to a need for caution
in designing such customization and control options for teachers,
as well as a need to better understand the constraints and beliefs
that might lead teachers to make such decisions. Although
teachers were aware that the practice of pushing students forward
before they had mastered the skills in a given unit was counter to
the idea behind mastery learning, they continued to do so in order
to keep the class relatively synchronized and manage their own
orchestration load.

The interviewed teachers also noted that, since discontinuing use
of the ITS, they had not adopted any other learning technologies
in their classrooms. They emphasized that they had used the
system for many years because they believed the personalized,
detailed, and immediate feedback it provided to students was very
valuable for their learning. In fact, they strongly preferred using
ITSs to other educational technologies they had tried over the
years, for this reason. The primary obstacles to teachers’
continued use of these systems did not lie in the perceived
effectiveness of ITSs, but rather in the difficulties that their use in
the classroom presented for teachers.

3. INVESTIGATING TEACHERS’ WANTS
AND NEEDS
3.1 Methods

To gain a better sense of teachers’ needs in blended classrooms
using ITSs, we conducted four types of design interviews



(generative card sorting exercises, semi-structured interviews,
directed storytelling, and Speed Dating sessions), with a total of
10 middle school teachers, from five schools in Pittsburgh and
surrounding areas. All of the participating teachers had previously
used at least one adaptive educational technology in their
classrooms, and nine out of ten teachers had previously used an
ITS at least once (though only teachers from schools D and E had
used ITSs as a regular component of their teaching).

Table 2. Demographic information for teachers

Teaching
Teacher Gender experience School
(years)
1 Male > 20 A
2 Female 2 B
3 Male > 20 Cc
4 Female >10 C
5 Male 2 E
6 Male 25 E
7 Female 11 D
8 Male 16 D
9 Male 15 D
10 Female 19 D

3.2 “Superpowers” as a probe to investigate

teachers’ major perceived challenges

We wished to start by investigating teachers’ needs for real-time
support during blended class sessions, in a very broad sense. To
this end, we adopted a card generation and sorting approach [6,
14]. In separate sessions, we met with five teachers from two
schools (teachers 4, 7, 8, 9, and 10, from schools C and D) and
asked them, “If you could have any superpowers you wanted, to
help you do your job, what would they be?”. We asked the
question this way to encourage teachers to talk freely about their
needs, and breakdowns in their current practices, without feeling
constrained to those for which they believed a technological
solution was possible. Although we initially asked this question in
a very broad sense, we gradually narrowed the question’s focus to
superpowers that teachers would find useful specifically during
computer lab sessions in which students are interacting with an
ITS or other adaptive educational technology.

In each interview, we asked middle school teachers to write their
desired superpowers on index cards immediately upon generating
them (to reduce the chance that they would lose track of an idea as
the conversation progressed). In addition to identifying design
opportunities within the sets of cards teachers generated, we
wished to get a better sense of teachers’ priorities among
superpowers (and by proxy, the relative severity of the daily
challenges behind these “superpower requests”). To this end, once
a teacher had finished generating ideas for superpowers, they were
asked to sort them by subjective priority, from highest to lowest
[6, 14]. Throughout the card sorting process, teachers were
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Figure 1. Hierarchy generated from a teacher’s superpower
card sort. The superpowers this teacher considered most
desirable are at the top of this hierarchy. Multiple cards

placed at the same level of the hierarchy represent ties (or
superpowers the teacher considered synonymous).

encouraged to generate new cards, if this process inspired new
ideas. Then, following this initial sorting, each teacher was
presented with cards generated by all previous teachers who had
participated, and was given the option to include any of these in
their hierarchy. If a teacher felt that one of these superpowers was
redundant with one of the superpowers they had generated, they
were encouraged to align these cards horizontally, to indicate a
tie. For any superpowers a teacher did not desire, the teacher was
asked to omit that card from the hierarchy. Figure 1 shows an
example of a hierarchy resulting from this iterative card
generation and sorting process. This teacher’s most desired
superpower was the ability to “put the info directly into
[students’] heads”, without any need to interact with students.
Interestingly, no other teacher included this particular superpower.
One teacher defended this omission by suggesting that having
such a power would remove the joy from teaching. This teacher’s
second most desired superpower was omniscience, which the
teacher considered synonymous with the ability to “see students’
thought processes” (a card generated by a previous teacher).

Figure 2 summarizes teachers’ aggregate preferences between
pairs of superpowers, within a pairwise comparison matrix. In this
figure, only superpowers that appeared in at least two teachers’
hierarchies are shown. Overall, teachers tended to prefer seeing
students’ thought processes over most other superpowers.
Interestingly, most teachers ranked seeing thought process over
seeing misconceptions. Some teachers commented that if they
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Figure 2. Pairwise comparison matrix summarizing teachers’ preferences between superpowers. Each row shows a superpower
that appeared in at least two teachers’ hierarchies, and each column shows a different superpower against which it is being
compared (cells on the diagonal represent self-comparisons, and are blacked-out). Cell shade indicates the number of teachers
who ranked the row superpower higher than the column superpower, with darker shades indicating greater agreement
(minimum observed value is 0, and maximum is 4). “Be able to engage students” is highlighted in grey to indicate that this
superpower was not present in all five teachers’ card stacks (by the time a teacher first generated this card, no synonyms were
available among the cards generated by previous teachers).

could really see and understand students’ step-by-step reasoning,
that would likely reveal students’ misconceptions and more —
perhaps providing an explanation for this preference. It is also
worth noting that knowing whether students really know
something was not strongly favored by teachers overall, compared
with other superpowers, despite estimates of student knowledge
(e.g., in the form of probabilities that a student has mastered
particular skills) being one of the most central analytics presented
by common reporting systems for ITSs (e.g. [36]).

Across the hierarchies of superpowers that teachers generated,
some interesting regularities emerged. All five of the interviewed
teachers specified that they wanted the ability to:

See students’ thought processes. Teachers wanted to be able to
see students’ thought processes — the chains of reasoning that led
them from one statement to the next — without having to ask
students to “show their work” (and without the need to
subsequently interpret students’ work and try to infer their
underlying thought processes). Some teachers explicitly
distinguished this from simply seeing estimates of students’
mastery over certain skills (as was presented by adaptive learning
technologies with which they were familiar), noting that they
viewed seeing thought processes as more actionable than seeing
skill estimates. If teachers could follow students’ thought
processes in real-time, this would provide opportunities to “re-
route” students at the moment when they “took a wrong turn”.
Know which students are #ruly stuck. Teachers noted that
students often raise their hands during lab sessions when they
don’t actually need help (and may simply be trying to avoid doing
their work). At the same time, teachers believed that many
students who actually need help almost never raise their hands.
Being able to see which students actually need the teacher’s help,
at any given moment, would enable the teacher to better prioritize
help across students, and “fight the biggest fires first”.

Know which students are “almost there”, and just need a
nudge to reach mastery. Teachers noted that one of the most

fulfilling parts of their jobs is “seeing students to the finish line”:
working with students who are currently on the verge of
understanding a new concept, and helping them reach that
understanding more quickly. One teacher was initially conflicted
over whether to include this superpower in his hierarchy, noting
that these students would likely reach mastery even without the
teacher’s help, and that other students may need his help much
more. But this teacher ultimately decided to keep this superpower,
acknowledging that he wouldn’t want to spend all of his time as a
teacher focusing on the students who are struggling the most.

In addition, four out of the five of the teachers interviewed wanted
to be able to:

Temporarily clone themselves (create “Multiple Me’s”).
Teachers wanted the ability to provide one-on-one support to
many students simultaneously, rather than leaving instructional
personalization entirely up to the software. All of the interviewed
teachers highly value the instructional differentiation provided by
such software, but also acknowledge that such differentiation
makes it challenging for teachers to keep track of their students’
current activities, let alone provide them with timely instruction.

Have “eyes in the back of my head”. Teachers noted that certain
students tend to take advantage of the challenges ITS lab sessions
pose for classroom monitoring, by misbehaving specifically when
the teacher’s back is turned. They shared stories of middle school
students switching to non-academic websites when they thought
the teacher was not watching, but immediately switching back to
the ITS interface when they knew they were in visual range. Thus,
much of these teachers’ energy during lab sessions is spent
“patrolling” the room and trying to make sure everyone is on-task.

Detect students’ misconceptions. Similar to teachers’ desire to
see students’ thought processes, their wish to immediately
diagnose students’ misconceptions was rooted in the actionability
of this information. While teachers viewed seeing students’
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Figure 3. A partial view of our affinity diagram, showing teacher quotes within level-1 categories.

thought processes as a means to correct particular student errors
and mold students’ thinking in desired directions, they viewed
detecting students’ misconceptions as an opportunity to eliminate
problematic beliefs that might hinder their future learning.

Know which students are making lots of careless errors.
Finally, teachers wanted to be able to automatically detect
whether students are actually putting in the effort required to
learn. Based on this information, they could decide whether it
would be most productive to spend their time on an instructional
intervention, or whether it would be more appropriate to first
determine how to motivate the student.

3.3 Eliciting and synthesizing teachers’ design

requirements for intelligent real-time supports
We conducted semi-structured interviews with 10 teachers from 5
schools (all teachers and schools identified in Tables 1 and 2), in
order to more directly investigate teachers’ needs for real-time
supports. In these interviews, we asked teachers to reflect on their
experiences using adaptive educational technologies such as ITSs
in the classroom, and to consider how these and similar systems
could be better designed for use in their classrooms. In particular,
we encouraged teachers to imagine that the ITS could
communicate with them in real-time, and that there were no limits
on what the system could measure about student learning.

A PhD student (the first author of this paper) and a research
assistant (an undergraduate design student from our institution)
then worked through transcriptions of approximately 5 hours of
video and audio recorded interviews, to analyze and synthesize
findings from the interview data, using two standard techniques
from Contextual Design: Interpretation Sessions and Affinity
Diagramming. Interpretation Sessions aim to help design teams
create a shared understanding of collected interview data by
extracting quotes representing key issues and insights from each
participant’s interview. Affinity Diagramming is a widely used
design method that aims to summarize patterns across the
interviewed population by iteratively clustering and organizing
interview quotes, based on content similarity, into a hierarchy of
increasingly abstract themes [16].

Both the extraction of quotes during Interpretation Sessions and
the hierarchical clustering process of Affinity Diagramming are

inherently subjective processes. However, bias can be reduced
during Interpretation Sessions by taking a conservative approach
to quote extraction (i.e. erring on the side of including a large
number of quotes, even when some of these may not seem
particularly interesting or important). In addition, Affinity
Diagramming involves a grounded, bottom-up approach to data
analysis: higher-level categories gradually emerge during the
clustering process via agreement across team members [18]. As
such, the process is designed to minimize the extent to which the
resulting summary is guided towards individuals’ preconceptions,
without entirely removing the influence of prior knowledge (e.g.,
knowledge of extracted quotes’ context).

We conducted several Interpretation Sessions of approximately 3
hours of transcribed interviews. The resulting 301 quotes were
then iteratively synthesized into higher-level categories, through
Affinity Diagramming sessions. Due to the large number of
extracted quotes, we opted to conduct these Affinity
Diagramming Sessions digitally, using Trello': a web-based, drag-
and-drop tool that allows users to easily organize information.

Following the Affinity Diagramming method, we first organized
quotes into level-1 categories — which were initially unnamed —
based on perceived similarity in their content. We then
synthesized the quotes within each level-1 category, labeling each
category by a summary of its contents. Once we had labeled all
level-1 categories, we proceeded to group these into unnamed
level-2 categories, and then repeated the synthesis and labeling
process described above for these higher-level categories. Finally,
we repeated the grouping, synthesis, and labeling process for all
level-2 categories, producing a set of fairly abstract level-3
“themes”. The resulting Affinity Diagram (shown in Figure 3) had
40 level-1 categories (with between 1-2 to 20-27 quotes per
category), 10 level-2 categories, and 4 level-3 categories.

The most common high-level themes (level-3) reflected the
interviewed teachers’ common desires to maintain control of their
own classrooms, even when students are working with intelligent
tutoring systems, and to be an effective force in the classroom,
over and above what these technologies can offer. Both of these

! Trello is freely available at https://trello.com/.



desires were often accompanied by comments about teachers’
perceptions that technologists intend to replace their role with
educational technologies, instead of supporting their roles as
teachers. In addition, the level-3 themes revealed a desire to
receive analytics that can truly teach them something about either
their students learning or their own teaching — a theme which was
often accompanied by complaints about learning analytics
dashboards and reporting systems that either provide them with
information they are already likely to know, or provide them with
data they find useless for informing their own pedagogy. Finally,
one level-3 theme reflected teachers’ concerns that real-time
analytics in the classroom could, if not designed carefully, cause
more harm than good.

Within these high-level themes, the issues teachers raised broke
down into the following 10 mid-level categories:

Help me to intervene where, when, and with what I’m most
needed. Teachers wanted support from the ITS in deciding how
best to prioritize their time across multiple students who may
compete for their attention at once, when to help (or not help) a
given student, and how best to help individual students. Given
teachers’ limited time during lab sessions, recommendations about
how to help students might come as quick advice about effective
instructional strategies to use, or pointers to educational resources
(e.g. targeted remedial materials, available online) that may be
helpful to the student.

I’m just one person: help ease my load. Teachers emphasized
the usefulness of group activities and peer tutoring in reducing
their orchestration load in the classroom. They suggested that one
way an ITS could help them during a lab session would be to
recommend pairings or small groups of students that are likely to
be able to help one another (perhaps adaptively matched by the
ITS based on its knowledge of their current skills). This would
remove some of the responsibility of helping students from the
teacher’s shoulders, and also provide opportunities for the teacher
to work with a larger number of students (by meeting with groups
rather than individuals).

How can I know whether what I’m doing is actually working?
Teachers noted that they very rarely have opportunities for
immediate feedback on their own teaching. They often worry,
especially after seeing students’ test scores, that much of what
they have taught students over several weeks or months has had
no effect. Observing that ITSs can already track aspects of student
learning in real-time, they wanted ITSs to provide them with
timely feedback on the effectiveness their own help-giving during
lab sessions (e.g., one-on-one interactions with individual
students, or targeted mini-lectures provided to the whole class).
This would allow them to adjust their strategies on the fly.

Help me understand the “why”, not just the “what”. Given
teachers’ active and time-constrained role during ITS lab sessions,
they wanted ITSs to provide them with summarized and directly
actionable information whenever possible. Teachers noted that
most reporting systems they had used in the past, for ITSs and
other educational technologies, tended to provide data about
students’ raw actions in the software. But a real-time monitoring
tool for use during ITS labs would need to provide diagnoses of
problems the teacher could act upon. For example, rather than
simply presenting teachers with the observation that a particular
student is making frequent errors in the software, it would be
highly valuable to also help the teacher diagnose whether this is
due to carelessness or genuine struggles with the material (and if

the latter, to also help the teacher diagnose what those struggles
may be).

But how do I judge whether my students are really doing well?
Teachers wanted support from the ITS in determining what
constitutes “good” performance in an ITS (e.g., is a 70%
probability of mastery below or above “average”, for a particular
skill). To provide benchmarks for evaluating their students’
performance, teachers suggested that ITSs might share descriptive
statistics about overall class performance between multiple
classrooms and schools.

Help me manage student motivation and engagement in my
classroom. Teachers wanted ITSs to provide them with real-time
analytics about their students’ motivation and affective states in
the classroom, in addition to analytics about student learning and
performance. Notifications about student frustration while
working with the ITS, for example, could allow teachers to
intervene before the situation worsened.

What can you tell me about my students that I don’t already
know? Teachers complained that reporting systems they had
used in the past tended to provide them with a lot of unsurprising
information about their students. They wanted ITSs to somehow
take into account their rich prior knowledge about their students
(e.g., “[this student] is going to make slower progress, but that’s
only because she’s so deliberate”). In doing so, ITSs could then
provide teachers mainly with notifications that are likely to
surprise them.

Make sure that the technology does not contribute to an
unhealthy classroom climate! Teachers worried that real-time
learning analytics presented by an ITS could easily draw their
attention away from their classroom, thus defeating the purpose.
They emphasized that an effective classroom monitoring system
would need to be designed to keep teachers eyes and ears on the
classroom to the greatest extent possible.

Let me customize the technology to meet my needs. Teachers
noted that ITSs often seem rigid and inflexible. In cases where the
instructional design of an ITS does not align with their own
pedagogy, teachers want to be able to quickly and easily adapt the
ITS to fit their needs.

Allow me to take control of the intelligent tutoring system.
Teachers also wanted to be able to go a step beyond customization
by actually taking control of the ITS on-demand. For some
teachers, this simply meant being able to “pause” all of their
students’ screens while giving a lecture in the midst of a lab
session, in order to ensure the software would not compete with
the teacher for their attention. For other teachers, this meant being
able to load a “quiz problem” on all students’ screens (in order to
quickly assess the whole class on a targeted set of skills).

4. SPEED DATING POSSIBLE FUTURES

In order to further probe and validate teachers’ needs for real-time
supports in ITS classrooms, we presented teachers with futuristic
classroom scenarios — inspired by teachers’ own ideas, as elicited
through the superpowers card sorting exercise and our semi-
structured interviews. We adopted “Speed Dating”, a design
method for rapidly exploring new technology concepts, in which
participants are presented with a number of imagined futures in
quick succession (represented through technology usage
scenarios, in concept sketches and storyboards), while researchers
observe and explore their gut reactions to these futures [5, 6].
Speed Dating allows designers and researchers to probe the
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Figure 4. Panels from two storyboards used in Speed Dating sessions. Left: a teacher wears augmented reality glasses, which
help her identify which of her students most need her attention in class. When the intelligent tutoring system detects that a
student needs help from a human teacher, it “raises the students hand for them” — visible only within the teacher’s augmented
reality display. The ITS detects that a student on the far left of the image is browsing a non-academic webpage, and alerts the
teacher through her augmented reality glasses by displaying a “Zzz...” over that student’s head. Right: an extreme example of a
concept that we did not expect teachers would find acceptable. In this storyboard, the teacher can control a drone inside the
classroom, which collects additional data on students, and reminds students that the teacher is watching them. Each student is
equipped with various biosensors, and aspects of their physiological and affective states are displayed to the teacher in real-time.

boundaries of what participants find acceptable (which otherwise
often go undiscovered until after a prototype has been built and
tested, or even after a technology has been deployed), by
presenting them with imagined scenarios that are expected to
cross these boundaries. This method can also lead to the discovery
of unexpected design opportunities, when anticipated boundaries
are found not to exist, or when unexpected needs are revealed.
Importantly, Speed Dating can often reveal surprising results
about a user population’s needs and desires, above and beyond
what methods for design requirements elicitation, like those
described above, can reveal.

We met again with five teachers from our previous interviews
(teachers 4, 7, 8, 9, and 10, from schools C and D), and presented
them with futuristic classroom scenarios — inspired by teachers’
own ideas, as elicited through the superpowers card sorting
exercises and our semi-structured interviews. Teachers were
presented with eleven storyboards; each presenting a futuristic
scenario based upon a combination of teachers’ most commonly
requested superpowers and the 10 mid-level categories derived
from our affinity diagram. We next summarize some key findings
from these Speed Dating sessions below.

Contrary to teachers’ expressed desire for real-time support in
prioritizing their time across multiple students during a lab
session, teachers consistently rejected the concept of “time
management” systems that remind teachers not to spend “too
much” time with students who are doing well without the
teacher’s help (instead directing them towards other students who
may benefit more from assistance). One teacher reacted strongly,
stating, “I don’t need that... to remind me it’s time to move on. I
know that. As an educator, you know when you’ve got other kids
to deal with”. Although recent work suggests that, contrary to this
teacher’s assertion, educators’ intuitions about which students
need the most help (and when to help) may be limited [41], this
teacher’s comment reflects a key tension in the design of teacher

support tools. Teachers’ comments in response to this storyboard
suggested that such alert systems are undesirable both because
they threaten teachers’ autonomy in the classroom, and also
because they remove teachers’ ability to choose between two of
their primary desires during lab sessions (as indicated by their
requested superpowers): helping the students who are struggling
the most versus helping students who are “almost there”.

By contrast, teachers were highly receptive to technology designs
that presented them with information that could help them
prioritize their time among students, without attempting to
directly recommend certain actions. For example the panel on the
left in Figure 4 is from a storyboard showing an augmented reality
glasses based monitoring tool, through which an ITS can inform
the teacher that a given student may need their assistance (even if
the student is not necessarily aware that she/he needs help). One
teacher noted that such a tool would be particularly helpful
because “there are always students who are shy and just don’t
raise their hands... [and some] raise their hands when they really
don’t need help”. A key reason teachers liked the concept of an
augmented reality glasses based dashboard was that, by displaying
analytics directly overtop their field of view, this technology
would not draw their attention away from the classroom. In fact,
teachers’ reactions to this and other storyboards (including a smart
watch based real-time dashboard) suggest that they may be quite
open to, and in fact strongly prefer wearable learning analytics
displays to handheld displays such as mobile phones and tablets.
Such wearable displays hold the potential to minimize teachers’
cognitive load as they move throughout the classroom, while also
maintaining students’ privacy. In particular, teachers saw a head-
mounted, augmented reality display as an opportunity to have
their own “private” smart classroom: one that only they could see.

5. DISCUSSION AND FUTURE WORK

In this paper we investigate how intelligent tutoring systems could
be better designed to meet teachers’ needs in K-12 blended



classrooms, and we identify several design opportunities for real-
time teacher support tools in ITS classrooms. Through semi-
structured interviews with middle school teachers, we identified
opportunities for ITSs to better support teachers, for example, in
fairly and accurately assessing their students’ performance within
the software. In addition, these interviews suggested potentials for
predictive analytics to aid teachers in making challenging
decisions, such as whether to override ITSs’ built-in mastery
learning algorithms in order to keep slower-moving (perhaps
struggling) students in pace with the rest of the class.

Through card sorting exercises and design interviews, we
identified ITS design features and requirements for real-time
analytics that may help address some of teachers’ greatest
challenges in ITS classrooms. Importantly, these findings suggest
that the analytics most commonly generated by existing reporting
systems for ITSs do not align with the analytics that teachers
expect to be most useful and actionable.

By testing a number of alternative futuristic scenarios with
teachers, using the Speed Dating design method, we discovered
that K-12 teachers were highly receptive to the concept of
intelligent classroom monitoring tools that support them in
deciding how best to allocate their time and attention across
students during a lab session. However, they strongly disliked the
idea of such a system providing explicit, unsolicited
recommendations for action. We do not interpret these findings to
mean that teacher support tools should avoid making clear
recommendations for action. Indeed, given previous findings that
teachers sometimes make decisions that are suboptimal or even
harmful to students’ learning with ITSs (e.g., [31]), we suspect
that such directness could be important in guiding teachers
towards more effective interventions — perhaps especially in real-
time usage scenarios, where teachers have scarce time to pore
over data visualizations and draw their own conclusions. Rather,
we believe these findings highlight a delicate tension between
technology designers’ desire to “nudge” teachers towards
instructionally effective patterns of behavior, on the one hand, and
the need to privilege teachers’ autonomy and rich prior
knowledge, on the other (paralleling recent findings in other
domains where intelligent systems are developed to support
human experts’ decision-making, such as healthcare [42]). It may
be, for example, that teachers would be more receptive to more
explicit and direct action recommendations if these were
presented only upon a teacher’s request, rather than in the form of
automated alerts. This question, and the broader question of how
teacher support tools can achieve an effective balance between
simply augmenting teachers’ awareness in the classroom [24, 40]
and more directly supporting their decision-making [22, 39]
remain interesting open questions for future design and
experimental work.

Our findings provide novel insights into teachers’ needs for real-
time support tools in classrooms using intelligent tutoring
systems. In addition, to the best of our knowledge, this is the first
study that presents a broad exploration of K-12 teachers’ needs for
real-time learning analytics in ITS classrooms. These findings
may be useful for designers of adaptive educational technologies,
as well as designers of real-time monitoring tools such as
dashboards. We expect that many of our findings regarding
teachers’ needs for real-time analytics may generalize to a broader
class of educational software than ITSs.

The next phase of our project involves the use of these results to
inform the design of a real-time dashboard for K-12 teachers
using ITSs, as a first step towards designing intelligent tutoring

systems that can effectively collaborate with human teachers.
While the findings presented in this paper provide much direction
for design and highlight key teacher needs that a particular design
may meet or fail to meet, it is nonetheless a challenging design
problem to build a real-time dashboard that can both serve
teachers’ needs and ultimately enhance student learning in ITS
classrooms. Given our findings from Speed Dating, we plan to
explore the viability and affordances of wearable technologies
(such as smart watches or augmented reality glasses) as real-time
monitoring tools for K-12 teachers. Continuing our user-centered
design process, we will run ‘simulated lab sessions’ in which
teachers experience using multiple alternative prototype designs
in a simulated classroom setting. In particular, we plan to use
these sessions to test and validate real-time analytics that are
designed to meet some of teachers’ requests for superpowers.
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