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Abstract—In a life-long learning context, learners have
to perform a lot of writing-based activities, like doc-
ument analysis, that are seldom assessed by teachers or
tutors because this assessment is time-consuming. We
introduce a service, Pensum, integrated in a PLE that
helps students to understand a course content through
writing a synthesis, as well as teachers and tutors to
manage this activity. Based on natural language
processing techniques, Pensum proposes just-in-time
and reflexive feedback on a complex writing task.
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L INTRODUCTION

In numerous educational contexts, learners
produce textual reports (e.g., summaries, essays,
syntheses) about the notions they learn, and feedback
is offered about their results. They encounter some
problems: the long waiting time for feedback
(stagnating them in the writing process); the limited
feedback opportunities do not stimulate explorative
approaches, but force them to hand in mainly
completed versions. Moreover, students find it
difficult to self-assess their work during writing and
to perceive possible misunderstandings. Tutors who
guide this activity also encounter problems. They are
often not experts on the content taught, they provide
support to students that often fits loosely with the
instructional activities; they have also trouble to issue
a just-in-time feedback during the different activities
as discussion or writing; finally, they have to manage
successive versions of students’ summaries, whose
discrepancies are often difficult to grasp.

In this article, we present Pensum, an on-line
document advisor, which aims at helping learners to
improve their synthesis writing activity and at instru-
menting tutors’ assessment. Pensum is integrated in a
Personal Learning Environment (PLE) and analyses
how well learners understand course texts as shown
by their textual productions; it provides frequent just-
in-time feedback based on LSA (Latent Semantic
Analysis) [1] on the ongoing writing activities
(relevance of written sentences, inter-sentence
coherence of the synthesis, overlapping between
course text and synthesis sentences). We argue that
Pensum improves student’s understanding of course

texts and gives teachers and tutors more opportunities
to guide students’ higher-level processes in a life-
long learning context.

We first present the main characteristics of
automated feedback for supporting the task of writing
syntheses, then we describe the architecture of
Pensum.

II. FEEDBACK FOR SUPPORTING DOCUMENT
SYNTHESIS TASK IN A PLE

In academic tasks like document synthesis,
students are asked to demonstrate their understanding
of source texts they read—proposed by their teacher
in courses—by composing a new abridged text [2].
Discourse synthesis is a cognitively demanding
activity requiring students to transform knowledge [3]
rather than simply reproduce information from a
single source. It entails to write a new text and to
construct new meaning by using three key operations:
selecting information according to the writer’s goals,
connecting this information to achieve a cohesive
text, and organizing it according to the intended goals
[2, 4]. Synthesis writing is a complex task which
must be supported by teachers and tutors. How to
deliver appropriate feedback for guiding this process
and improving learning. What are the criteria of an
effective feedback? Several ways to enhance the
feedback effectiveness have been determined [5]:

¢ feedback must focus students attention on

their progress in mastering educational tasks;

e feedback should take place while it is clearly

relevant during the learning process (e.g.,
being just-in-time);

¢ feedback should be specific and related to

student’s needs and learning tasks.

The literature underlines the need to promote
ways to deliver formative feedback on writing-based
tasks [6] and to mix verification feedback (indicating
if the answer is correct or not) and elaboration
feedback (helping learners find the correct answer
with a set of relevant cues) [7].

III.  PENSUM : AN APPLICATION FOR PROVIDING
FEEDBACK ON DOCUMENT SYNTHESIS TASKS

The aim of Pensum 1is to give learners
assessments on their written productions, and thus to
make the teachers’ or tutors’ assessment process



smoother. For that, Pensum proposes several kinds of
feedback that help students understand both the texts
they read and the pieces of texts they write as a
synthesis. The feedback allows students to stay
focused on the information they need to understand in
the source texts. Moreover, the feedback directly
indicates the parts of source texts lacking in the
synthesis and those of the synthesis to revise. We
describe now a learning scenario inserting Pensum in
an academic context.

A. Learning Scenario

Ulysses is a second-year master student in
computer science, attending a course on educational
applications remotely. He can launch Pensum, a web
service (see Figure 1). He selects a course domain he
wants to revise, for instance, a course on Natural
Language Processing (NLP).
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Figure 1. The role of actors using Pensum in a PLE.

He starts to write a synthesis about the most
important ideas of the understood course. Whenever
Ulysses is uncertain about whether he grasps the most
important notions of a text, he asks support from
Pensum. The system gives Ulysses a feedback on his
written synthesis, e.g., relevance of the sentences or
inter-sentence coherence of the synthesis. At any
moment, the tutor in charge of Ulysses’ supervision
can connect to Pensum, can see what Ulysses has
already written and can read the feedback given by
the system. He can also give some feedback in the
forum to help Ulysses.

Ulysses is in control of his own learning process,
he requests feedback whenever he wants and can
update his notepad according to the main points he
has understood and can go further in the writing of
the same synthesis or one related to another topic.

Gives feedback

B.  Types of Feedback Integrated in Pensum

In this first version of Pensum, we are just
focusing on the immediate feedback based on LSA-
based computational cognitive models. LSA has been
presented to be useful for modeling human semantic
memory [1]. LSA represents the words of a huge
corpus in a high-dimensional space, from the idea
that the meaning of words depends on contexts where
they occur. In this space, each word is represented as
a vector and groups of words (e.g., sentences,
paragraphs, or texts) as a sum of word vectors. Then,
the semantic proximity between two textual elements
is defined by the vector distance (e.g., the cosine),
which LSA provides.

This model can be used to simulate the
understanding of texts and to analyze summaries of
short explanatory texts. For example LSA can be
used to measure the coherence of texts and hence,
learning, since the understanding of a given text
depends on its coherence [8]. This capability of LSA
has also been used in other systems like Apex [9],
which uses the same measure of coherence to give
feedback; or Summary Street, which sends feedback
about the relevance and the redundancy of sentences
[10, 11].

In Pensum, several types of feedback have been
integrated according to the activity flow depicted in
Figure 1, and to the interaction between the tasks, the
resources and actors: first, an immediate and
computer-based feedback, as many times as
necessary. This LSA-based feedback is obtained by
comparing the written synthesis with the courses.
Second, a delayed feedback, given by teachers and
tutors via the system. To help tutors or teachers
deliver adequate feedback on student’s syntheses, a
list of recurrent understanding and writing problems
based on Thibaudeau’s framework [12] is provided.
This categorization of problems is built according to a
design patterns approach [13]. Figure 2 displays the
main feedback window: the uppermost text field
contains the course text and the above table is a
comprehensive list of the sentences of the synthesis
regarding their relevance and coherence.

Figure 2.

A screendump of Pensum (assessment window).

Moreover, several types of immediate feedback
have been implemented as follows. The coherence
of the synthesis (LSA compares the semantic



proximities between nearby sentences), the relevance
of its sentences (LSA compares each sentence of the
text to each sentences of the courses text) and its
completeness (LSA  compares the semantic
proximities between each course topic and the
synthesis).

The coherence assessment [8] model can check if
two given sentences in the same paragraph are
coherent, provided that two consecutive sentences are
coherent if their semantic proximity is above a
threshold. The relevance assessment model reused the
Summary Street’s model [10, 11], provided that a
relevant sentence is a sentence similar to at least one
sentence of the source texts. Regarding the
completeness assessment model (does the synthesis
cover all the course text topics?), two alternate
models have been proposed. First, we computed a
measure with respect to course text topics (a topic is a
keyword representing the gist of a text), i.e., the
semantic proximity between the synthesis and the
block of sentences linked to the topic in the course
texts. A sentence of a course text is in this block if the
semantic proximity between the sentence and the
topic is high enough. If the semantic proximity
between the block of sentences and the topic is high
then the topic is covered; if not, the student is
prompted that the topic is not covered. Second, we
computed a measure with regard to the semantic
relation between the sentences of the course text and
the sentences of synthesis (a sentence of the course
text is indicated as not summarized in the synthesis if
there is not enough semantic proximity between this
sentence and each sentence of the synthesis).

These types of feedback have been tested in
several experiments [4, 11, 14] but the correlations
between the model results and the human judges
answers are were not sufficiently high. The lack of
validity of computer feedback led us to propose it as
an indicative feedback likely wrong, instead as a
corrective feedback. So, we expect the students
should use this feedback to stay focused on some
important characteristics of their syntheses, instead
of being fully certain that the feedback is valid.

IV. CONCLUSION

In lifelong learning contexts students have
irregular contacts with their tutors and teachers, and
get few assessments on their understanding. In this
article, we bring to light the interest of the synthesis
production task supported by an automated feedback
based on LSA. We introduced Pensum, a service
aimed at helping students in their learning activity
through synthesis writing. The service integrated to a
PLE provides students with just-in-time feedback on
this task. It helps students make explicit what
knowledge is built and by which processes and
strategies.

We are going on with an implementation and a
validation of Pensum in educational settings. Both
quantitative and qualitative analyses will be under-
taken. We aim at collecting data on students’ and

tutors’ opinion on the service, its usability and
learning aspects. In addition we will collect data on
students’ cognitive workload and we will track
students’ to analyze their learning and meta-cognitive
strategies.
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