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Abstract. This paper describes a computerized collaborative testing environment
in which students can take an assessment session in groups. For each question, an
individual response is firstly requested, then students are allowed to view the
answers of the others and discuss the question. After that a final response is
requested. This collaborative environment has been used to measure the effect of
collaboration in test performance obtaining promising results that indicates that all
studentsimprove their performance no matter what their knowledge levels are.

1. Introduction

Collaborative learning scenarios should engage learners in cognitive and metacognitive
activities to promote the conscious cooperative development of shared knowledge and to
enrich ther individual understanding of the world. Therefore, these scenarios should
involve the learners in situations which require reflecting on their own knowledge as well
as their colleagues in a grounding process [2] in order to get, as result of this process,
more refined and mature knowledge by themselves. There are several open chalengesin
thisfield, some of them related to this paper: first of al, the representation and quantitative
measure of the process of collaboration; and second, the development of learning
environments that focus the students in the learning objectives instead of dispersing the
collaboration in aspects not related to the topic. The collaborative environment proposed in
this paper defines semi-structured learning activities as collaborative scripts [9], which are
not very rigid so they can have asrich, open and flexible a collaboration as possible.

Tests have been widely used for assessment. When they are carried out in groups, totally
or partially, they are called collaborative testing [19]. Most of the research in this area has
been done with paper and pencil tests. In this paper, an experiment with computerized tests
in a collaborative scenario is presented. For each question in the test, students are allowed
to give an individua answer that is shown to others; they can discuss and reflect on it, and
subsequently, they have a second chance to submit an individual answer. For students, it is
motivating [10] to know the answers of their colleagues and to chat about the answers
during an assessment session. In this context, it isto be expected that the students are going
to centre the discussion on the question meaning, on understanding their failuresas well as
their colleagues and, in the case of conflict, to argue which of the answersisthe right one.
This scenario is interesting for studying the collaboration the partners discuss about the
content to be learned and do not scatter the conversation. Berry[3]observed that working in
small groups on assessment activities gives students an opportunity to speak about the
topic and thereby sharpen their skills and understanding.



The collaborative assessment environment also incorporates a structured communication
module, a chat tool that allows having argumentative discussions with labelled utterances
in groups [17]. The system registers al the collaborative actions into a log file for off-line
analysis. This environment is especialy attractive for research because: @) it is designed as
alearning activity that combinesindividual tasks with collaborative tasks b) it isa scenario
that facilitates students reflection and discussion on its own knowledge and the others' ina
situated learning environment [11]; c) it forces students to adopt socially-acceptable ways
of resolving conflicts[18]; d) students can build upon each other's knowledge with positive
performance outcomes [8]; €) it introduces collaboration in scenarios that commonly are
meant for individua learning; and f) itisafirst step to study empirically how collaboration
hasinfluence on the performance of the learner, because (s)he is evaluated before and after
the collaboration process.

In section 2, some points related with this work are going to be discussed. Next, the
research scope and motivation of the paper are presented. In section 4, the collaborative
environment is described and then, the experiments done with groups of students and the
most significant results obtained from the evaluation process. The paper finishes with
some conclusions and future proposals for working.

2. Related work

Some work has implemented and played on experiences combining computerized tests and
collaboration, some of them in the classroom. Some studies [5] [13], observed that
retentions and results of course content increases with the use of collaborative testing.
Furthermore, Simkim [19] performed two experiments in the classroom with multiple-
choice questions and obtained higher group scores, compared with individual scores. He
also found that "group exams encourage faculty to ask more challenging questions than
they might otherwise and potentially increasing the amount of learning in the classroom’.
[4] argue that there is no effect of collaborative testing performance in questions about
theories but students should gain from collaborative testing when questions are about
concepts.

The above-mentioned experiences have been done by means of paper and pencil tests,
posing a whole set of questions to each student and later, a ssimilar set in the collaborative
mode. As far as we know, there are no published data about existing computerized
collaborative assessment tests that interleaves individual and collaborative responses. Two
interesting experiments [12] have been carried out in a web-based environment that
combine argument-based collaboration with questionnaires (about opinions that are not
correct or incorrect answers) and sharing facilities to work and reflect in groups. It uses a
collaborative script, called ArguedGraph, with five phases that combines individual,
collective and collaborative phases, al of them supported by a computer. During group
phases, students have a chat tool to discuss and write their arguments. Similarly, they use
a collaborative script that combines individual an collaborative phases (with a chat toal),
but with different purposes. There has been also some research on peer assessment where
students evaluate the answers of others. Our research is different from all these, because:
(1) questions are used for assessment; (2) our script interleaves individual and
collaborative phases, (3) the answers are findly evaluated by the computer, and (4) the
objective of our experimentsis measure the effect of collaboration in test performance.

It has been reported that on-line interactions among students make positive contributions to
students learning [14]. Furthermore, [7] observed that the anaysis of students



contributions to online discussions provides evidence of effective collaboration in an
interactive e-learning environment. A text-based online conversation tool that allows
performing on-line interactions could be implemented using a chat [15]. Chat tools are
being used in several collaborative learning environments, as a free conversation tool [21],
or with sentences openers [20], or with typed messages, that represent conversation acts
with [1] [19] or with explicit reference to a shared document [16]

3. Resear ch scope and motivation

An experiment for a computerized collaborative test has been designed, implemented and
evaluated with real users. The first step wasto design a collaborative script (Figure 1). The
activity is designed for small groups of (2-5) students that take a test of n questions. The
answer to each question is organized in three phases. Students interact synchronously and
the conditions to pass to the next phase are to complete the previous one. The first phase
consists of answering a question on their own. During the second phase, students share the
results with their colleagues and discuss the answers given in the previous phase. In the
third phase, each student answers the same question again individualy. It is not
compulsory to get to an agreement for this second answer. Each student can decide to keep
or modify hig'her first answer. This script isrepeated for all questionsin the test.
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Figurel. Collaborative Script for the collaborative computerized tests, outcomes and motivation

The objective of the experiment is to explore if students increase their performance when
they work in groups and to study if the collaborative discussion processis related with this
improvement.

4. The assessment environment

The script has been implemented in a web-based collaborative environment that manages
the script sequencing, activates the collaborative interface and invokes the assessment tool
SIETTE [6]. The assessment tool collects the answers of the students, and the events that



describe the activity of the users during the collaboration phase, that is, if they have seen
the answers of others, the chat messages exchanged, etc.

SIETTE isaWeb-based system for building and administering computerized tests. In fact,
SIETTE is a suite of tools which implements all the stages of test construction, delivery
and result analysis.

The empirical studies presented in this paper have been carried out using an extended
version of SIETTE supporting student collaborative testing. We have built an envelope
around SIETTE which provides all the mechanisms needed to allow and synchronize the
collaboration among students. Briefly, this envelopment, that we have called collaborative
frame, has been implemented by means of a Java applet shown as a plug-in in the |eft side
of the web browser window. This frame is only shown in the SIETTE' s virtual classroom
when the student is taking a collaborative test, and it is in charge of controlling al the
aspects related to the student collaboration. Because of the use of synchronous
communication, many awareness facilities have been included in the interface so the
students can know where their colleagues are. The collaborative frame submits and
retrieves information from a server, implemented by means of a Java servlet. Such server
implements a HTTP-based communication protocol between SIETTE and the
collaborative frame of each student. Moreover, this server traces al the actions
accomplished by the students as well as the messages they interchange. All tests available
in SIETTE can be posed in the collaborative mode. The system with or without the
collaborative support is available at http://www.lcc.uma.essiette.

Figure 2 shows the environment while two students are taking a collaborative test. The
right frame, the assessment-frame (labelled with @), isused by SIETTE to pose questions,
and to show the answers given by other students. The left frame is composed by the
awareness-frame (upper, labelled with @) and the communication-frame (below, labelled
with ®). The awareness-frame depicts the evolution of the students involved in the test
(including himself). The information of each student is shown in a different row. The first
row aways corresponds to the current student. Each row begins with the student
nickname, followed by the order of the question he/she is answering at this moment. Next
to it, a set of status bars displays information about which stage the student is &, i.e.
individual response, discussion, group response and finished. Such bars have different
colours depending on which question the student is at, regarding the current student.
Accordingly, the current student bar is always shown in green. All those students
answering the same question are shown in green, those answering a former question arein
red, whereas those in posterior questions in blue. Finaly, each row has a button which
allows the student to query the answers selected by the others. This button is only enabled
during the collaborative stages of discussion and group response.

The communication-frame has a chat window. Its upper part is the post panel. It is formed
by a hierarchy of messages submitted by all the students involved in the test. Asit can be
seen in the lower part, students can send four types of message, i.e. comments,
justifications, questions and answers. The chat is only enabled during the discussion and
group response stages of each question. In addition, every time the chat is disabled, the
post panel contents are cleared and its messages are not kept between two questions. That
is, when the chat is enabled, the post panel does not contain the messages sent in former
guestions. Furthermore, a student can only see those messages sent during the question
which he/she is currently contemplating. This means that if two students (A and B) are



trying different questions (Qa and Qg respectively), the one who isin the former question
(for instance A), will only be able to read the messages sent by the other (student B) when
student A arrives at question Qg.

Awareness frame Assessment frame

X SEETTE Colatemalhvis - Meesult Lilsset Dulore =[5 =i
Grenen Pk e Poochs  FEametes: hipais

|| Geesr = D [ 24 Apemean o) Fais ﬁ'n.nm o NE-2 VA= RIS -

| Dbesin |'i| et lohobos ke e sttt vl rsla b e T sk e oo fressdorm] s P TS BRnU] 1 2 9T AT L T e ot ng s e 3 i
| L suatie i e s 5; i F T -f- F
'It:m: |H!:_ ' ! CLTRE T | il —————"
| pane: |m! ) i |
® Respuesta individual & |a preguntz 2

Given the contest Gree pratonad

w

-* &8
| _—
| ety i from e chel veers:

i
= OB
4 Po=ts fem 2 B -*RmB
¥ L?I e T TS w0 Searkeed dpsinn B -# B
zts Co=¥ die
Ll 10010 Tmrtiiatt i a W0ay 1ot s AR i " B
4 IEEI formAra YAl AUl vou s dgkt P = ad

e I -=d
L..' fanmret mch

Whieh of the tolloaeg syembads doer belorg e ronsTiagd
i ] ¥l

= Moy tor e .._._4_!,._“_.'.! i ™ Vv | I Vo
o roe Ce Bl ros
® g i ¥ = [
Sokar
Caferart: higtré:alcom
Wt -l
o] Licty __|_ L B

Communication frame

Figure2: Interface of the collaborative assessment environment
5. Experiments

The evaluation was carried out by using a test that contains 10 questions about Compiler
Congtruction. In particular, we focus on the LL (1) techniques and asked questions about
finding the elements of the set obtained by FIRST() and FOLLOW() functions of a certain
context free grammar. However, the system is completely domain independent. All
guestions were multiple choice so that the students were asked to select the appropriate set
of symbols among 16 choices. That means that the probability of finding the right answer
just by guessing is 1/2'°, that is, aimost 0.

Among these questions, the first one was easier than the others, and was included just for
training the student to use the collaborative environment. This question has been removed
in the results analysis, so the test can be considerd having just 9 questions. The evaluation
involved a total of 24 students, in two different sessions of 7 and 17 students each.
Students were randomly divided in 9 groups of 2 people and two groups of 3 people, one
for each session.

First of al, we analyze the average of correct responses that has been given before the
discussion phase (individua mode), and after (collaborative mode). Table 3a shows the
results by each question. Asit is shown a better performance is obtained for all questions.




In the first case the average success rate was 45,8% and in the second 63,7%, The
difference is statitically significant (p < 0,05), even more so if we consider that the
answers were given one after the other and that the probability of guessing isamost 0.
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Figur e 3: Questions and students performancein individual and collaborative modes

A reciprocal study has been done by considering the students marks, obtaining similar
results. As it was expected, figure 3b, al of the students improved their marks after the
collaboration phase.

To deeply analyze what is going on inside the groups, we have divided the studentsin two
classes according to their own results in the individual mode: the B-class which is formed
by those students below the average, and the A-class, formed by those above the average.
The data obtained indicates that all groups improve their mark in the collaborative mode.
(table 1). The second column in this table represents the average of the differences in the
marks (percentage of correct answers) obtained before and after the collaboration. It is not
surprising that the B-class improve more than the A-class, smply because they can
improve more. A new measure named “relative improvement” X is proposed to compare
the results of the two classes, which is given by the formula:

MC' I\/||
X=——
100- M,

Where M, represents the mark (percentage of correct answers) obtained before the
collaboration, and Mc represents the mark (percentage of correct answers) after the
collaboration phase. This result provides evidence that the relative improvement is similar
in both classes.

Table1: Performance of students according to their estimated knowledge level

Number | Average of Averageof | Standard deviation | Confidenceinterva at 95%
of cases absolute relative of therelative _ s
n improvement | improvement improvement Xttoom —
X s Jn
A-class 10 +11.7% 0,30 0,32 0,30£0,23
B-class 14 +23.1% 0,31 0,25 0,31+0,15




We can also analyze the results according to the group companion, and divide the sample
in two classes: Those students that have a companion with higher individual marks (noted
as L-class) and those that do not have a companion with higher individual marks (H-class).
That is, in each group the student with the higher individual score is considering to be of
H-class and the rest are L-class. Because there were 2 groups of 3 people the L-class and
H-class have different sizes. 2 cases were discarded because they obtained the same mark
as their companion.

Table2: Performance of students according to their relative knowledge level in their groups

Number | Average of Averageof | Standard deviation | Confidenceinterval at 95%
of cases absolute relative of therelative B S
n improvement | improvement improvement Xt —
X s Jn
H-class 10 +6,33% 0,16 0,19 0,16+0,14
L-class 12 +30,34% 0,47 0,27 0,47+0,17

The results (table 2) indicate that both classes improve their results (p<0.05), and that there
is a sgnificant difference (p<0.05) between the L-class and H-class. That is, it can be
statistically concluded that those students that have a least one companion with a higher
knowledge level, improve more than those that have the highest knowledge level in their
groups.

The last experiment concerns the collaboration within groups and its relation to student
improvements, measured as the average of the “ relative improvement” of the student in the
group as it was defined before. We have defined four indicators of the collaboration inside
a group: @ The total number of messages in the chat room, b) The total length of all
messages, ) The average length of messages, and d) the number of interactions, that isthe
number of response messages to previous messages posed by others. The last indicator
tries to distinguish between those messages posted just by the same student, (a stand alone
behaviour), from those that are posted as part of a conversation. We have obtained the
correlation coefficient for each indicator, and found that there is a positive correlation
between the average relative improvement and the total number of messages in the chat
room (r=0.74) and with the interaction indicator (r=0.71). In fact both indicators were
highly related in this case. These results are statistically significant with p<0.05. Another
good indicator is that in 70% of the cases, the students have changed their previous
responses after the collaboration phase, and in 66% they have agreed on a common
answer.

6. Discussion and Conclusions

From our experiments it can be datistically concluded that collaboration, as has been
defined in our web-based assessment environment, improves assessment performance for
all students. Even those students that are the best in their group improvetheir performance
as a consequence of the dialogue with other students, probably because they have to reflect
on their answers to explain them to others.

In the experiment presented in this paper, the results before and after collaboration have
been observed as well as the collaboration process in terms of three single indicators,
number of messages, size of the messages and interaction level.



These data have been contrasted in relationship to the performance of the students. Results
show that the bigger the interaction level within the group the better the student’s
performance. Furthermore, an interesting property of the collaborative assessment
environment presented in this paper is the possibility of a quantitative measurement of the
effects of collaboration that allowsadeeper analysis of what is going on inside the groups.
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