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ABSTRACT

Students’ questions are essential to help teachers in assessing their
understanding and adapting their pedagogy. However, in a flipped
classroom context where many questions are asked online to be
addressed in class, selecting questions can be difficult for teachers.
To help them in this task, we present here three alternative ways of
organizing questions: one based on pedagogical needs, one based
on estimated students’ profiles and one mixing both approaches.
Results of a survey filled by 37 teachers in a flipped classroom
pedagogy show no consensus over a single organization. A cluster
analysis based on teachers’ flipped classroom experience allowed
us to distinguish two profiles, but they were not associated with
any particular question organization preference. Qualitative results
suggest the need for different organizations may rely more on a ped-
agogical philosophy and advocates for differentiated dashboards.
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1 INTRODUCTION

Student-teacher interaction allows students to ask questions, prac-
tice free expression of ideas, develop their own skills and improve
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class [14]. Teachers have to adapt their discourses to students’ peda-
gogical needs, which can be particularly challenging in a university
context with large cohorts of students. Blended learning can be
one way to tackle this challenge, as it offers an opportunity to give
more time to essential student-teacher interactions [3]. However,
dealing with students’ questions asked online and sent by email
to teachers can be a difficult task, due to the volume of questions
asked and the way they are presented (list of questions, with the
number of votes received per question). In order to provide teachers
with additional information to help them choose questions for their
Q&A session, we envisioned alternative ways of organizing ques-
tions, with a structure that depends on students’ needs (based on
the nature of the questions they ask) or students’ profiles (based on
what we know of previous students who asked similar questions, in
particular in terms of performance in the course). As a preliminary
step, we conducted a survey to evaluate the teachers’ use of the cur-
rent system and their perceptions of various alternative questions’
organization systems, to answer to the following research question:
which type of question organization best fits the needs of teachers
to prepare their Q&A session in a blended learning context?

2 RELATED WORK

The topic of students’ questions and how to leverage learning ana-
lytics approaches to help teachers in choosing which one to address
has, to the authors’ knowledge, not been much explored in the learn-
ing analytics community. Indeed, in their recent analysis of the use
of Natural Language Processing (NLP) techniques for learning ana-
lytics, McNamara et al. [12] mostly mention students’ questions in
two contexts: providing an automatic answer to them (with systems
like AutoTutor [4] or iSTART [13]), or examining how it relates to a
reference text (with tools such as ReaderBench [1]). Therefore, pro-
viding a comprehensive visualization of students’ questions seems
to be a largely ignored issue.

Our approach here relies on the use of an acceptance survey for
aredesigned interface of an existing "tool" used in blended learning.
This is a typical approach in human-centered design, similar to the
one used in [9] where researchers investigated teacher-perceived
experience and acceptance of a recommender system in the context
of online and blended learning.

We will compare here two approaches that rely respectively on
increasing the visibility of students’ pedagogical needs (based on
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the questions asked) and students’ profiles, which both have dis-
tinct values and advantages. On the one hand, teachers are expected
to understand the learning process in order to design and imple-
ment teaching methods aligned with students’ needs that enhance
learning [8]. Works such as [10] and [15] have focused on helping
teachers in having a better understanding of their students’ needs,
which helped in increasing students’ performance. On the other
hand, showing visualizations of how some students are doing better
or worse than others, such as in [2] or [11], can help the teachers
in allocating their time to students in a fairer manner than if they
do not have access to that information.

3 PEDAGOGICAL CONTEXT

The Faculty of Medicine and Pharmacy of a large French public uni-
versity has a specific hybrid training system (reading of the material
for the class is done at home, and classroom time is dedicated mostly
to Q&A) for their first year students. The first year is divided into
two semesters, each of them ending with a competitive exam (in
January and May): only a predefined number of students is allowed
to continue in the second year. After having read the pedagogical
content at home, the students connect to an online platform to ask
a question and/or see questions from other students? They can vote
for a question if they also want an answer to it, but not answer
to them. Then, the questions asked online are sent to teachers by
email to help them prepare their Q&A face-to-face session.

3.1 The need for alternative organizations

The only additional information currently provided to teachers is
the number of votes on each question. Interviews with involved
teachers previously revealed several shortcomings with the current
approach. The main issue is that the amount of questions, presented
in an unstructured manner, can be overwhelming. Moreover, the
number of votes can lead to an easy yet not necessarily optimal ap-
proach which consists in answering to the most popular questions
first, which may not be the most pedagogically interesting. More-
over, due to the competitive nature of the training, a minority of
students (usually the ones following the course for the second time)
sometimes ask deliberately obscure questions to confuse others. All
these observations suggest it would be worth investigating alterna-
tive ways to organize and present the list of students’ questions to
the teachers in their weekly email report.

3.2 Proposal of alternative organizations

In order to provide alternative questions organizations, we rely on
a coding scheme introduced by [7] which allows to tag questions
along several dimensions in terms of pedagogical needs, according
to 4 independent dimensions: a main mandatory one (dimension 1)
and 3 optional ones (dimensions 2 to 4). In [5], the authors provided
and evaluated a set of tools to automatically tag students’ questions
according to that coding scheme (with an average Kappa of 0.70),
opening up the possibility to use it on other datasets. This work
can therefore be used to automatically categorize the students’
questions for instance in terms of "request for a re-explanation” vs.
"need to deepen a concept”.

Additionally, in [6], the same coding scheme was used to cluster
students’ questions and associate some students’ characteristics
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to these clusters (those characteristics include grades, attendance
or retaking the class). An interesting aspect of this work is the
fact that the authors show the clusters seem to remain constant
across several years. It is thus possible to make assumptions on the
profile of a student asking a set of questions on year N based on the
profiles of students who asked similar questions on year N-1. One
can therefore provide teachers with additional information about
the students asking questions, even if no grades are available yet.

Using the two aforementioned works, we could envision three
alternative questions organizations, illustrated with 8 sample ques-
tions (translated from French) presented in Figures 1 to 3:

- an organization based on students’ pedagogical needs
(PN), in which the questions are grouped according to the main
dimension of the coding scheme, and then according to the other
three dimensions. For instance, a question could be a request to re-
explain the way something works. It could also be a request to verify
if a schema needs to be memorized for the final exam. The nature
of the questions asked (Re-explanation, Deepening, verification
or Other, which corresponds to dimension 1 and 4 in the coding
scheme), as indicated by the keywords in bold in Figure 1.

- an organization based on the predicted students’ profile
(PP), where students’ questions are grouped according to the profile
of students who asked these types of questions on previous years.
The mention "grades below average" is therefore not based on the
grades of students who ask the questions, and could be available
early on (cf. Figure 2).

- a mixed organization (M), combining the two information
previously presented: the type of questions asked by the student
and an estimation of their level (cf. Figure 3).

4 SURVEY

To evaluate the potential of the three alternative organizations
and teachers’ interests in them, we conducted a survey made of 28
questions!. The survey was done through LimeSurvey and sent to
teachers involved in the aforementioned hybrid training system.

4.1 Survey content

The first part of the survey consisted in evaluating the teachers’
experience with the Q&A session and their appreciation of the
flipped classroom approach. We will briefly present the various
questions asked to the teachers in this part.
The survey starts with questions related to the number of ques-
tions received [NbQ] and the proportion of questions addressed
[PropQ], followed by a series of 7 statements regarding the ques-
tions received by email and for which a degree of agreement is
measured on a scale from 1 to 5 (where 1 = "strongly disagree" and
5 = "strongly agree").
o feeling of receiving too many questions [Rq+]
o feeling of not receiving enough questions [Rq-]
e disorganization [Dis]

lack of usefulness for the Q&A session [Use-]

interesting [Int]

related to the course [RelCou]

novelty (compared to previous years)[New]

! Available in French as PDF there: https://hal.archives-ouvertes.fr/hal-02422186
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Re-explanation questions
m=% Ask for an explanation already done in the course material
Questions:
1. Could you re-explain how to find the dipole moment of 2 molecule?
2. Could you revise the notion of buffer solutions, particularly on how to create a buffer solution?
Deepen questions
==% Broaden a knowledge, clarify an ambiguity or request for a better understanding
Questions:
3. How canwe compare two atoms that are neither in the same row nor in the same column?
4. Could you explain what distinguishes the atom from the chemical element?
Verification questions
==} Verify or validate a formulated hypothesis
Mistake/ contradiction
Questions:
5. |t seems there is an mistake in the speech on slide 5: you say that “"the Na+ and Nacl { CI-7) ions
6. Hello, in the example on electropharesis you say that the aa are negatively charged with ph=1, whereas
their ph < phi it should not be positive as presented on the example of mixture separation?

Knowledge in course

Questions:
7. are all transition metals reductive?
Exam
Questions:

8. Should we learn the metals of block P by heart?
Other questions

Figure 1: Example of the organization based on the students’ pedagogical needs (PN)

Struggling students: grades < to the average
Questions:
2. Could you revise the notion of buffer solutions, particularly how to create a buffer solution?
7. are all transition metals reductive?
Average students
Questions:
1. Could you re-explain how to find the dipole moment of @ molecule?
3. How can we compare two atoms that are neither in the same row nor in the same column?
5. It seems there is an mistake in the speech on slide 5: you say that “the Na+ and Macl | CI-?) ions
8. Should we learn the metals of block P by heart?
Good students: grades > to the average
Questions:
4. Could you explain what distinguishes the atom from the chemical element?
6. Hello, in the example _. it should not be positive as presented on the example of mixture separation?

Figure 2: Example of the organization based on the predicted students’ profile (PP)

N | Re-explain questions Struggling | Average | Good
1. | Could you re-explain how to find the dipcle moment of a molecule? X
2. | Could you revise the notion of buffer solutions, particularly on how .7 X
N | Deepen questions Struggling | Average | Good
3. | How can we compare two atoms that are neither in the same row .7 X
4. | Could you explain what distinguishes the atom from the chemical element? X
N | Verification questions Struggling | Average | Good
» Mistake/ contradiction
5. | It seems there is an mistake in the speech on slide 5: you say that ... X
6. | Hello, in the example on electropheresis you say that the aa ... ? X
« Knowledge in course
7. | are all transition metals reductive? X
« Exam
8. | should we learn the metals of block P by heart? X

Figure 3: Example of the mixed organization (M) combining PN and PP organizations
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[Rq+] and [Rq-] provide a subjective measure, as opposed to
[NbQ] which is more objective (e.g., a teacher can be overwhelmed
with 10 questions when another finds that 30 are not enough).

Three statements about flipped pedagogy are measured by a
degree of agreement on a scale of 1 to 5.

o facility of teaching in a hybrid classroom [Fac]
e organizational appreciation [Org]
e saving time and energy [Tim]

The second part of the survey consisted in evaluating teachers’
perception of questions’ organization. Each organization is sup-
ported by a series of statements with a level of associated agreement
measured on a Likert scale from 1 to 5:

o case of understanding [EasO]
e interest for the organization [IntO] (the usefulness of addi-
tional information to prepare the Q&A session)

Respondents were also asked for each question organization how
they would consider using the categories presented in their Q&A
session, how they ranked it compared to what they currently receive
(better, same, worse) and if there were areas for improvement (open
question). At the end, teachers were asked to choose a single favorite
organization between four possible choices: the 3 proposed ones
(PN, PP and M) and the current one.

4.2 Participants’ demographics and experience

The survey was sent to 58 teachers, 37 of whom replied to all the
questions. We also filtered the outliers, replaced the missing values
from the survey, and removed one respondent who stated not using
the questions received to prepare the Q&A session and is therefore
not involved in the system to be evaluated. For the missing data,
although one teacher failed to specify his teaching seniority, we
attributed a value (]5-10]) based on responses given by the majority
of teachers of his age. The "seniority" [Sen] variable was recoded
into categories (ranges) to help in replacing missing values.

The descriptive statistics (N = 36 teachers, see Table 1) showed
a wide variety of age (34 to 69) and seniority, as well as teachers
involved in almost all the courses (represented by their acronyms).
Furthermore, the overall response time is large enough to consider
the responses are valid, an assumption confirmed by the fact that
92% of teachers have also taken the time to leave comments. Table
2 provides a summary of the descriptive statistics for each variable
according to teachers’ responses in part I of the survey.

In terms of teachers’ experience in Q&A session, they considered
they were receiving a moderate amount of questions which they
perceived as disorganized but useful for the Q&A preparation. They
are split between those receiving too many questions (15 teachers
answering 4 or 5), and those thinking they do not receive enough
(9 teachers answering 4 or 5). Overall, they feel the questions are
similar from one year to the next (not much novelty), moderately
interesting and on-topic. Moreover, a majority believe that they
actually handle more than 80% of the questions received by e-mail
during the Q&A session (e.g., Teacher29 states: "The questions are
repeated and are not pedagogically relevant due to the diversity of
the audiences. Very limited time"). In terms of teachers’ perception
of the flipped classroom, they appreciated the facility of teaching
in a hybrid classroom and its organization, but did not really feel
like it was saving them any time.
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5 PREFERRED ORGANIZATION ANALYSIS
5.1 Method

To evaluate the usefulness of an alternative questions’ organization
system, we showed different type of questions’ organizations to
teachers (cf. Figures 1, 2 and 3). The design of these organizations
is based on the nature of questions asked by students and their
profiles in terms of performance. We focused on the main question
categories from the coding scheme introduced in [7] to keep the
organizations easy to read and limit information overload.

5.2 Results

The results of teachers’ responses in part II of the survey, summa-
rized in Table 3, showed that no consensus over a particular orga-
nization. Indeed, the final choice of teachers was divided equally
between the organization based on pedagogical needs (PN - N = 11),
the one mixing pedagogical needs and profiles (M - N = 11) and
the current one (N = 11), whereas the one based only on students’
profiles (PP) was chosen by only three teachers.

5.3 Discussion

"PN" organization was the most appreciated by teachers (19 teachers
preferred it to the current organization), but the qualitative analysis
of the comments associated with it shows some teachers did not
fully understand how it would be created, assuming that it would
be the students who would have to tag their questions when asking
them, which they may struggle at. Without this perceived limit,
we can assume a larger number of teachers might have positively
assessed it. (e.g., Teacher08 ".. This organization may have the merit
of making the student think more about the type of question she is
asking, (...) this system will only work if used correctly by students.)
Some teachers already have ideas on the use of the questions
asked in each category (e.g., Teacher25: I believe this mode of orga-
nization corresponds more or less to the treatment I perform when I
receive them...", "Case 1: I explain again, but with another approach...
Case 2: I deepen, precise, clarify, explain! making sure to consolidate
the initial objective in this way... Case n°3: dream case ! helps to un-
derstand how the student did not understand, and helps to bring them
back to the right concept...)"). Others were more sceptical about its
use (e.g., Teacher10: "I will try to answer to all of them, regardless
of this categorization and in chronological order with respect to the
course..."). It is worth noting though that this particular comment
could apply to all the alternative questions’ organization proposed,
and maybe a chronological organization would make more sense
for them (based on the slide number associated to the question).
Interestingly, the "PP" organization is clearly the least appre-
ciated of the three. Some teachers thought they would use it by
answering to questions from struggling students first, and then to
questions from good ones. But many judged it less valuable than
the current one, assuming the hidden purpose was to respond first
to good students and were concerned about the fairness of the
proposal (although nothing in the organization suggested favour-
ing this approach, as the questions of struggling students were
presented first). Some were opposed or worried because of the po-
tential temptation (for them or for colleagues) to answer only to
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Response time (s)| Age Course taught Seniority
Mean|  o? Mean| o2 | ANT|BCE |BCH|BPH |[BSTAT|HBD|ICM |MAIEU|MAT|ODON |PHAR |PHS [SSH|[1 - 5] | |5 — 10] | ]10+]
1044 | 61815 [4825[9.79| 4 | 4 | 5 | 4| 1 |4 | 2] 2 [ 1| o | 3 |4]4a| 11| 13 |12

Table 1: Descriptive statistics of the respondent population in terms of response time, age and course taught and seniority

Rq+ Rq- Dis Use- Int RelCou New Fac Org Tim

Mean 2.73 2.24 335 232 278 3.70
Std 1.47 132 1.38 1.20 0.95 1.05

1.84 4.03 3.89 2.81
0.99 1.01 1.02 1.29

Table 2: Summary of mean and standard deviation of scores
given by teachers to each variable in the first part of survey

Organization Worse Same Better Nb of finale choice

PN 5 12 19 11
PP 15 16 5 3
M 10 12 14 11

Table 3: Characteristics of 3 proposed organizations com-
pared to the current one

questions from good students (e.g., Teacher27: "I am not for favor-
ing the good over the struggling ones (this is a risk), our goal is to
help them all"). Finally, a potential improvement proposed by the
teachers would be to also take into account the level of the students
who vote on questions, and not only those who ask the questions.

The teachers’ opinion of the mixed ("M") organization was con-
tradictory: 11 chose it as their preferred one yet found it difficult to
read, recommending to focus only on one aspect. Some described it
as "a bad method added to a good one" (Teacher44 - who was against
showing students’ levels) and even those who chose it were not
sure to use it (Teacher24 : Other than the fact that I am not sure to
use it, I am not sure the textual analysis always provide a relevant
classification... so let’s do a mixed analysis and everyone will use
it as they see fit). That comment shows an interest for flexibility,
allowing each teacher to focus on the aspect relevant for them.

The quantitative and qualitative analysis of teachers’ responses
in part I revealed a clear difference in the choice of organizations. It
may therefore be worth proposing different organizations for differ-
ent types of teachers. Although one could provide all organizations
and let each teacher choose the one they wanted (as suggested by
Teacher 24), we wondered if those differences in choices came from
a difference in teachers’ profiles. This led us to ask the following
follow-up research question: are the differences in teachers’ orga-
nizations choices related to their different Q&A session experience
or their perception of the flipped classroom?

6 PREFERRED ORGANIZATION ACCORDING
TO THE TEACHERS’ BACKGROUND
6.1 Method

We performed clustering analyses using X-Means algorithm (with k
between 2 and 10, averaging 5 iterations with the same k), a variant

of K-Means automating the choice of k using BIC scores, over the set
of explanatory variables rather than testing each one individually to
take into account different aspects of teachers’ experience in Q&A
session. We used as characteristics for each teacher the variables (cf.
section 4.1) describing the set of questions received by email ([Rq+],
[Dis], [Use-], [Int], [RelCou], [New], [NbQ], [PropQ], excluding [Rq-
] which appeared to be strongly correlated with [Rq+]), the variables
related to flipped classroom experience ([Fac], [Org], [Tim]) and
their seniority [Sen]. The variables are normalized between 0 and
1, except for NbQ (3 ranges), PropQ (5 ranges) and Sen (recoded
into 3 ranges), which are categorical variables (cf. Table 4).

To characterize the clusters, we used variables related to the
organizations’ choices for each teacher. For each cluster, we calcu-
lated the average of EasO (score between 1 and 5) and the average
of IntO (score between 1 and 5) for each organization. We also
characterized each cluster according to the teachers’ assessment of
each of the 3 proposed organizations (worse, same, better) and the
final choice ("PN", "PP", "M" and current).

6.2 Results

The best clustering was made of two very distinct clusters of teach-
ers in terms of characteristics (cf. Table 4).

Cluster 1 (N = 22) is characterized by less experienced teach-
ers, who like less the flipped classroom approach (low Fac and
Org), receive more questions (more than 50% receive more than
50 questions per session) and handle less questions in their Q&A
session. They consider the questions received are very disorganized,
moderately useful for their session and less relevant.

Cluster 2 (N = 14) represents more experienced teachers, who
like the flipped classroom approach (high Fac and Org), receive
few questions (between 1 and 50 questions received per session)
and deal with the majority of questions asked. They consider the
questions received by email are less disorganized, useful for the
Q&A session and moderately relevant.

6.3 Discussion

The analysis of clusters’ characteristics presented in Table 5 did
not reveal any clear differences in the choices made by the teachers
of the two clusters. We only noticed a slight preference for the PN
organization by teachers of cluster 1, who seem on the contrary
less convinced by the two organizations taking into account the
estimated level of the student asking the question (PP and M).
Unfortunately, teachers’ experience in Q&A session and flipped
classroom did not allow us to distinguish any differences in organi-
zations’ choices made by teachers. Some aforementioned difficulties
such as problems in understanding an organization or cultural bi-
ases (feeling one should give equal attention to all students vs.
needing to focus on the students’ for whom one can have the high-
est impact), may affect the preference of organizations. We also
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Clus. Fac Org Tim Dis Use- Rq+ Int RelCou New

Sen
[1-5] ]5-10] ]+10]

C1 0.576 0.500 0.466 0.739 0.432 0.557 0.364 0.761 0.242| 5
C2 0.8570.857 0.429 0.393 0.196 0.214 0.554 0.571 0.333| 6

1

NbQ PropQ
[1-20] ]20-50] ]+50]|<20% 20-40% 40-60% 60-80% >80%
12 5 5 5 12 1 2 2 9 8
7 6 8 0 0 2 1 1 10

Table 4: Centroids (distribution of respondents) of the variables associated to each cluster

Variables  Cluster1 (N=22) Cluster2 (N=14)
EasO 4.273 4.143
IntO 3.545 3.286

E Worse 3 2
Same 8 4
Better 11 8
EasO 3.545 4.071
IntO 2.227 2.643

&f  Worse 10 5
Same 9 7
Better 3 2
EasO 3.455 3.786
IntO 2.864 3.429

= Worse 7 3
Same 8 4
Better 7 7

2 PN 7 4

E PP 2 1

L‘é M 6 5

A Current 7 4

Table 5: Characteristics of clusters in terms of dependent
variables for each organization: Mean (EasO IntO) and dis-
tribution of respondents

believe other factors (beyond the Q&A experience) may explain the
differences in organizations’ choices (e.g., teachers with ideas on
how to use questions in each category vs. those who do not).

7 CONCLUSION

We presented here the results of a survey to evaluate teachers’ per-
ception of different students’ questions organization sent to them
to prepare their Q&A sessions in a flipped classroom context. The
results are split between the organization based on the pedagogical
needs’ according to an analysis of the nature of the questions, the
same analysis that adds in information about the students’ level
(based on profiles from previous years) and the current one. Those
preferences did not seem to be directly associated to teachers’ ex-
perience overall or with the flipped classroom.

To conclude, although teachers approved the importance of stu-
dents’ questions to adapt their courses and strategies, the difficulty
for choosing a relevant questions’ organization remains. This work
could be used to provide teachers with a valuable source of inspira-
tion about how to deal with students’ questions which also favor a
better understanding of their needs to increase their engagement

and improve the learning process. One of the limits of this work
relies on the fact some teachers have misinterpreted some of the
questions asked and the principle of the proposed organizations.
Alternative visualization variants for each organization can also
easily be imagined. Thinking about the future of Learning Analyt-
ics, we believe the current result advocates for the trend towards
personalized dashboards instead of "one size fits all", depending on
the pedagogical philosophy of the teachers. We also believe this
personalization can be at least partially automatized based on what
we know of the teachers’ profile and teaching philosophy.
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