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Abstract. Strong points, weak points and interests of students are precious data
for their teachers, but it is hard to learn them quickly, especially when students
do not cooperate in class. This paper explores a method for analysing queries of
students that are allowed to search during class and homework. For this pur-
pose, we first established six hypotheses on the queries and the expertise of the
students. Then, we collected 143 queries from several lectures of an IT subject
at Kyoto University. 36 students of this subject had previously been profiled be-
fore each lecture by means of questionnaires. When we checked our hypotheses
against this collection of queries, we found that experts and novices often
search the same way, although experts send more queries about different sub-
jects. Some students also search contents that the teacher has not presented yet.
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1 Introduction

Passivity and lack of participation of students is one of the hardest academic chal-
lenges that teachers may find in their classes. In this case, there are few symptoms
that alert the teacher about whether a certain student is having a problem or what the
problem is. Furthermore, ignoring these problems or deferring their solution may have
undesirable consequences such as bad academic results, loss of motivation of the
members of the academic community, and reluctance to collaborate with the others.

Although teachers still have some evaluation mechanisms to tackle this problem,
this unpropitious environment may also offer some other data sources that teachers
hardly ever manage. Use of search engines is a good example of this, since (1) their
purpose is to locate the information we are interested in, (2) it is not very difficult to
collect data about their use, and (3) queries and documents are generally written as a
collection of meaningful words, so it is always possible to do some kind of analysis
even without employing computers.

In general, query log analysis is a difficult technique, since most of the data is
anonymous, it may be incomplete and it may suffer noise. However data collected in
a classroom can be easily associated to a student and combined with other sources.
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In addition, by using query logs we may find other data about our students, such as
the topics that motivate them, their background in other areas or just if they would be
able to arouse interesting questions. This information can be used to create new con-
ceptual relationships or to increase the participation of the students in class.

The goal of this paper is to explore a technique to analyse the queries of a class-
room in order to detect and profile students that are strong in a matter, that are having
problems or that are just interested in other topics. For this purpose, we apply statisti-
cal analysis to several factors in the queries we collected in several lectures of an It
subject at Kyoto University, in which students have been previously profiled by
means of pre-evaluation questionnaires. We also take advantage of knowing the mate-
rials used by the teachers in each moment and the contents taught in those materials,
as well as the temporal relationship between queries, materials and contents.

The rest of this paper is organised as follows. Section 2 briefly discusses the relat-
ed work. Section 3 studies the problem and presents our hypotheses for the analysis.
Section 4 describes the educational environment in which we are collecting queries
and the questionnaires we use for student pre-evaluation. Section 5 discusses the re-
sult of our analysis. Section 6 concludes and shows the future work in the matter.

2 Related Work

There is a vast literature on query log analysis [1-3], although most of these studies
only address how to improve IR techniques such as re-ranking, query suggestion, etc.
Some papers also try to study any social group (e.g.: children [4]) or feature (e.g.:
personal interests [5-6]). However, there are not so many papers that establish a rela-
tionship between search and education [7-8], and, in fact, very few analyse a query
log in order to improve education by assisting teachers or helping students.

In the context of education, most of the searches are related to a certain academic
task. Therefore, analysis techniques that focus on tasks [9] may be very useful. How-
ever, most of the papers in the literature rely on concepts that are too broad. For ex-
ample, they try to calculate the user intent [10-11] or even subtopics of queries [12].
Since our target is not as general as these approaches, we can use narrow these con-
cepts and use others such as the background knowledge of a student in a certain mat-
ter or the relationship between a term and the content that is being taught.

Detecting novice and expert users is also a difficult task. Important work in the
matter has been done by Lazonder et al. [13], Aula et al. [14] and White et al. [15].
An interesting feature of the latter work is that the authors try to predict expertise not
only after a session, but also during it.

3 Problem and hypotheses

As we stated in the introduction of this paper, one of the essential differences be-
tween our query log and traditional ones is that it is not anonymous and we have some
extra information, such as data about the students that participate in the subject (e.g.:
pre-evaluation questionnaires, final scores, etc.) or the resources that are being em-



ployed in every moment. With this in mind, our analysis method is based in three
assumptions regarding contents, materials and queries:

1. For any given material, we can extract the contents taught in it.
2. The materials employed in a lecture can be expressed a sequence.
3. Contents can be classified as theoretical (appear only in the slides), practical

(appear only in the wiki) or both things at the same time. Queries that reference
contents can be classified in the same way.

Our hypotheses about the queries sent by the students are the following:

l. Most of the queries sent by the students during the lecture will be related to
the material that is being used or with any other recent one. Probability of a query
to be related with a certain material will be correlated with the age of the material.

2. Queries sent by beginners will contain a lower number of teaching contents
than queries sent by experts. This is based on the idea that beginners will use their
searches to clarify the definition of the contents while experts will try to know
more about the relationship of two or more contents.

3. If a query is strictly related to the topic that is being taught in class, queries
of experts will contain a higher number of terms that are not teaching contents.
This is based on the idea that beginners will just copy and paste what they do not
know, while experts may add extra terms such as “definition”, “example”, etc.

4, In practical sessions, queries of beginners will focus more on theoretical con-
tent while queries of experts will focus more on practical content. This does not
mean that all the queries sent by beginners will be about theoretical content, but
beginners need to clarify theory more than experts before or during practice work.

5. If a query or sequence of queries is about content that is in our subject but
not in the sequence of used materials (i.e: that content has not been taught yet or it
is in the wiki), then the student is an expert.

6. If a query or sequence of queries is about content that is neither in the lecture
nor in the materials, then the student is interested in topics that are not directly re-
lated to the lecture. This may happen because the student is trying to make a rela-
tionship between the two topics or just because of the lack of interest in the lecture.

4 Experimental setup

4.1 Syllabus and learning environment

We collected our query log in a subject at Kyoto University called “Fundamentals
and Practice of Informatics A”. This subject is not about a fixed topic, but it is a collec-



tion of 15 sessions on a wide variety of disciplines whose only common point is the
use of IT to solve academic problems. More concretely, the topics are:

e Document creation (Word, LaTeX).

e Web document creation (HTML, CSS, etc.).

¢ Cloud computing (main concepts and popular services).

¢ Information representation (encoding text, colours, images, mixing colours, etc.).
e Data aggregation (basic statistics and use of spreadsheets).

e Data analysis I (correlation) and II (testing hypotheses).

¢ Information processing I (bitmap and vector graphics) and II (natural language).
¢ Information retrieval.

e Database search (SQL with MySQL and phpMyAdmin).

e Data representation (XML, XPath).

e Data mining I (Introduction to the matter and basic use of R), II (association rules
and clustering) and III (decision trees and introduction to Machine Learning).

However, our study does not include the sessions about “Document creation”, “Web
document creation” and “Information retrieval”.

Note that these lectures are not completely independent, as in some cases they are
continuation of the previous one (e.g.: Data analysis I & II and Data mining I, II & III).

Sessions are conducted by three different teachers, although one of them is only in
charge of the two lessons in “Information processing” while another one is only re-
sponsible for the final three lessons in “Data mining”.

Each lecture is 90 minutes long. It starts with a presentation by the teacher that lasts
for about 35-40 minutes. After that, a practical task is presented to the students. Since
the remaining time is often insufficient to complete it, students may have to finish it at
home. The deadline to submit the work is often a week (in which we will continue
capturing their queries). Some tasks need a certain degree of creativity (e.g. choosing a
topic and creating a web page or presentation about it), while others focus almost ex-
clusively in the technical aspect (e.g. extract the association rules from some data).

Regarding the resources, the classroom does not have a blackboard. Teachers use a
wide screen in which they mostly show slides, although they may also show web pages
or any other digital resource to complete their presentations. Students are provided
with a printed copy of the slides and, of course, with the software they need to solve
the practical work (Microsoft Office, Gimp, etc.). In addition, the subject has a website
in which students can find a wiki that contains technical information to solve the prac-
tical tasks. However, teachers may demand the student to propose an example different
from the one shown there (especially in lectures 13-15) and information to solve some



optional tasks may be absent. Our search engine is initially present as a sidebar of the
website, although students can also access a full screen version if they want.

Students of this subject are approximately 100 freshmen (first year undergraduate)
who come from very different high schools and specialities, and whose major disci-
pline is also very disparate, from literature to computing science. Their basic
knowledge in IT is also quite distinct. Only 36 of them participated in the experiment,
although we have to clarify that they can skip up to 5 lectures to pass the subject.

4.2  Pre-Evaluation Questionnaires

In order to evaluate the previous knowledge of our students, we have created a
questionnaire per lecture. Each questionnaire consists of several questions regarding
(1) the concepts that are going to be taught in the subject, (2) the concepts that are
needed to understand the ones that we are going to teach, (3) the procedures that are
going to be taught in the subject (use of software, etc.) and (4) similar experience in
previous subjects in high school or university.

Answers can be easily quantified (e.g.: “I have experience in doing this” / “I do not
have experience in doing this” and “I can explain this concept” / “I cannot explain this
concept”), and we set weights in order to balance the importance of every part, not
letting concepts to be much more important than procedures and vice-versa. If the
teacher wants to know some special details (for example, where the student learned a
certain concept), we may include non-quantifiable questions, but the answers will not
be considered in our analysis.

Students who get more than 50% in a questionnaire are considered “experts” in the
matter, and we will try to distinguish their behaviour from the rest of the students, to
whom we will call the “novice”. According to this system, “experts” change in every
lecture. Fig. 1 shows the distribution of expert students and novice students:
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Fig. 1. Distribution of expert students and novice students per lecture



5 Analysis

We collected 181 queries in 12 lectures. However, some of them are just a visit to
the previous or next page of results of a previous query, or a re-execution of the same
query. If we count all these navigations as a single query, our query log is reduced to
143 queries. From these, only 30 (20.97%) were submitted by expert students.

The first impressing result we have obtained is that, in general, only 77 queries
(53.84%) are related to the topic of the lecture. Expert students tend to send more
queries that are not related to the lecture, and this result is statistically significant (p-
value of 0.0112, 0.0198 with Yates correction). Table 1 shows this distribution:

Table 1. Are queries of students related to the lecture?

Expert Novice
Not related to the lecture 20 (13.99%) 46 (32.17%)
Related to the lecture 10 (6.99%) 67 (46.85%)

Contrary to what we though when we formulated hypothesis 1, from the 47 queries
sent during the presentations of the teachers, only 30 (63.83%) are related to the topic
of the lecture and only 23 (48.94%) are related to the slides. In fact, it happens that in
the last lecture we received a sequence of 5 queries which are related to the contents
of the wiki, but not to the contents shown in the slides. There is no significant differ-
ence between novices and experts (p-value of 0.2871, 0.5421 with Yates correction).

In any case, we analysed if the queries that are related to the lecture are synchro-
nised with the slides, obtaining the result shown in Fig. 2. Column “delay” represents
the difference between the current slide and the slide that is related to the query of the
student. A value of 0 means they are the same slide, while a negative value means the
slide related to the query has not been shown yet.

Delay
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lecture : : : ' ' :
0 3 6 9 12 15

Number of queries

Fig. 2. Synchronization between queries and the current slide



The first result we can observe in this figure is that query sessions are normally
very short, as students abandon the search if the teacher changes the slide.

The second result we find is that there are students that send queries about topics
that the teacher has not taught yet. However, there is not significant difference in their
expertise (p-value of 0.3679), and, in fact, there are only two queries per class of stu-
dent (one expert anticipates 1 slide, another one anticipates 6 slides, one novice antic-
ipates 1 slide and another one anticipates 3 slides). In addition, a novice anticipated a
query before the lecture started. Therefore, we cannot confirm hypothesis 5.

Regarding the number of words that are teaching content (“content terms”) in the
queries that are related to the lecture, there is no statistical significance between ex-
perts and novices (p-value of 0.5638). However, the number of queries of experts may
be too low to say something about hypothesis 2. Table 2 shows the distribution of
queries according to content terms and expertise.

Table 2. Number of content terms vs. expertise of the student

Expert Novice
0 content terms 2 (2.60%) 6 (7.79%)
1 content term 5(6.49%) 45 (58.44%)
2 content terms 3 (3.90%) 14 (18.18%)
3 content terms 0 (0%) 2 (2.60%)

With regard to the number of words that are not teaching content (“no content
terms”) in the queries that have at least one content term, there is not significant dif-
ference between experts and novices either (p-value of 0.2979). However, as in the
previous case, the number of queries of experts may be too low too. Therefore, we
cannot confirm or discard hypothesis 3 either. Table 3 shows the distribution of que-
ries according to the no content terms and the expertise of the students.

Table 3. Number of no content terms vs. expertise of the students

Expert Novice
0 no content terms 4 (5.56%) 40 (55.56%)
1 no content term 4 (5.56%) 14 (19.44%)
2 no content terms 0 (0%) 9 (12.50%)
3 no content terms 0 (0%) 1 (1.39%)

Hypothesis 4 is related to the theoretical or practical orientation of the queries. To
verify this hypothesis, we divided the queries in 4 categories: theoretical (the content
appears only in the slides), practical (the content appears only in the wiki), both (the
content appears both in the slides or the wiki) or none (the query is not related to the
lecture). Once we excluded all the queries that are not related to the lecture, we could
not find any statistical significance between these categories (p-value of 0.4991), but,
once again, we have to make clear that the number of queries of experts is too low to
discard the hypothesis. Table 4 shows the distribution of the queries according to their
theoretical or practical orientation and the expertise of the students.



Table 4. Theoretical or practical orientation of quereis vs. expertise of the students

Expert Novice
Theoretical 1(1.35%) 2(2.70%)
Practical 3(4.05%) 27 (36.49%)
Both 5(6.76%) 36 (48.65%)

We have also checked the practical queries that were sent during the presentations
of the teachers and they were always sent by novice students. Therefore, we can
strongly reject hypothesis 5.

Queries that are not related to the lecture seem to provide an inestimable source of
data about the interests of the students, supporting hypothesis 6. For example, we
have located a session of one student with approximately 50 queries (including navi-
gations between result pages and image search) containing the terms “Art Noveau”,
“Art Deco”, “Alfons Mucha” and “William Morris”. After analysing the homework of
the student for that lecture, we found that it was a presentation about the aforemen-
tioned artistic movements and their most important representatives, providing us with
the evidence of the interest of the student in that topic.

Another example is a student who queried “concept diagram” (5 queries related to
that topic) and “Lifestyle diseases” (one query) and whose homework was a concep-
tual map about lifestyle diseases.

In addition, there are students that searched terms such as “Pikachu” (a character of
the Japanese animation “Pokemon”) or “sleep”, but we could not find any evidence
on their homework that confirms their interest in the matter. In the case of the first
student, the task of that lecture was editing an image, so it is possible that the student
considered that topic but discarded it because of the ban that the teachers established
on copyrighted images.

Apart from the studies whose objective is to confirm or discard our hypothesis, we
have also checked some other factors such as: (1) the type of characters used by the
student (Japanese, Western or mix), (2) the use of the wiki, and (3) the number of
queries that ended with a result being clicked by the student. Although in principle we
detected significant difference in the two first tests, these differences were due to the
fact that expert students tend to send more queries that are not related to the lecture.
As soon as we analyse only the queries that are related to the lecture, the difference
disappears. The third test also did not have any positive result.

6 Conclusions and future work

This paper has explored a statistical query log analysis for detecting the strong
points, weak points and interests of students, especially of those who are often silent
in class. The main differences between our methods and traditional ones are that (1)
we employ not only queries, but also the materials and contents the teacher uses in
class and (2) we consider the temporal relationship between the queries and the mate-
rials that are used in the lecture.



Our system makes some assumptions about the contents and the materials. For ex-
ample, (1) we know what materials the teacher has been using in every moment, (2)
we can express these materials as a sequence and (3) we can classify the content into
theoretical, practical or both things at the same time.

With the aforementioned assumptions in mind, our paper presents a list of hypoth-
eses about the queries of our students. These hypotheses consider the difference in
behaviour we expected between expert students and novice students. For example:

e Queries of students are related to and synchronized with the slide that the teacher is
currently showing in the presentation.

e Expert students try to establish more relationships between teaching contents.

o Expert students add terms that are not teaching contents to their queries in order to
find what they expect with a higher probability.

e Queries of novice students will contain more theoretical contents as they will need
to review them in order to solve their practical work.

e Expert students try to anticipate the contents that the teacher was going to show.

e Queries that are not related to the lecture can show the interest of the student in
other matter.

However, in the experiment we performed in an IT subject of Kyoto University,
we found that there is not a significant difference between the experts and the novices
in most of these matters. In fact, the number of queries sent by experts is often not
enough to offer any conclusion in the matter.

Regarding the temporal relationship between queries and materials, we can say
that, when queries are related to the lecture, they often are related to the slide that the
teacher is showing in that moment. Search sessions of the students are short. Howev-
er, there are students that search for terms that are related to the lecture but the teacher
has not presented yet. With this result we can set two future goals: (1) find a search
interface that makes querying easier and (2) try to advance materials for students that
are faster than the class.

Another significant result we have found is that expert students tend to send more
queries that are not strictly related to the lecture. With this result, a teacher can try to
use this kind of queries to make their authors participate more in the class, just by
establishing relationships between the topic of the lecture and the topic of the queries.

Regarding the hypotheses that we could not confirm, we can conclude that, in such
reduced environment, there is not statistical significance in the number of terms that
are teaching contents or that are not teaching contents. However, in our future work
we will add a new hypothesis about the quality of the contents: do experts use con-
cepts that are more specific than the ones used by the novice students?

Another work is to analyse the navigations the students did and the documents they
visited.
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