
Findings When Converting a Summative
Evaluation Instrument to a Formative One
Through Collaborative Learning Activities

Gustavo Zurita1, Nelson Baloian2(&), Oscar Jerez3, Sergio Peñafiel2,
and José A. Pino2

1 Department of Information Systems and Management Control,
Faculty of Economics and Business, Universidad de Chile,

Diagonal Paraguay 257, Santiago, Chile
gzurita@fen.uchile.cl

2 Department of Computer Science, Universidad de Chile,
Beaucheff 851, Santiago, Chile

{nbaloian,spenafie,jpino}@dcc.uchile.cl
3 Teaching and Learning Centre, Economics and Business Faculty,

Universidad de Chile, Diagonal Paraguay 257, Santiago, Chile
ojerez@fen.uchile.cl

Abstract. Although illiteracy has been in constant decline over the last decades,
there are too many reports about people having problems to identify the main
ideas contained in texts they read. Reading comprehension is essential for stu-
dents, because it is a predictor of their academic or professional success.
Researchers have developed computer supported learning activities for sup-
porting students develop their reading comprehension skills with varying degrees
of success. One of the various advantages of having students work on electronic
documents is that computers can help teachers monitor students’ work. One of
the problems of these systems is poor usability due to sophisticated human-
computer interaction paradigms emulating activities students perform in tradi-
tional learning activities for improving reading comprehension with pen and
paper. In this paper we report on a research which implements a learning activity
based on answers with multiple choice similar to a questionnaire, which is easy to
implement in computers and easy to interact with. Although multiple choice
questionnaires are associated to summative evaluations, the implemented
learning activity uses them within a collaborative learning activity in which
students have to justify, first individually then collaboratively, their choice with a
short text. The developed system was used and evaluated in a real learning
situation; one of the most interesting findings is not only that students who have
to justify their option with a text perform better than those who have not, but that
the pertinence of the text to the question does not play a major role. This suggests
that just asking the students to justify their answers requires them to do a thinking
process which otherwise they would not do.
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1 Introduction

During last years, statistics show a constant decline in reading and writing illiteracy in
the world, and especially in developing countries. For example, the webpage https://
ourworldindata.org/literacy/ contains several charts showing how the illiteracy rate has
been falling in many countries in all continents. The trend turns dramatically sharp
during the second half of the last century.

However, although more people can read a text, the reports are not so encouraging
when it comes to reporting results about the understanding that people achieve about
the texts they read in their schools [1]. Also, in developed countries we can see same
concern about people understanding the content of what they read. As an example, it
has been reported that “far too many American students remain poor readers” [2].

In the past, computer-based systems have been developed to support training of
reading comprehension with reported good results. In [3] authors identify the advan-
tages of using computer-assisted systems in educational programs for children as
motivating factors [4] and tools for obtaining high level of attention [5]. Computer
based systems for supporting the improvement of reading skills are mostly aimed at
addressing the learning of strategies which experts have identified as conducive to
improve reading comprehension [6]. Some of the most used strategies are to have
students read a text trying to determine its main message by means of summaries or
keywords, have the students construct alternative representations of the text - such as
drawings, conceptual maps, mental images - and answer questions about the text [7].

A previous paper presents work based on the strategy of training the reading
comprehension by highlighting the words inside a piece of text which represents the
key idea contained in it [8]. However, this experience has shown that the approach of
using constructed development responses has its disadvantages, especially when
applied to massive courses. In this sense, an activity in which the students could
respond through the selection of multiple choices would make the whole process easier,
since the evaluation of the correctness of the answers becomes simple. Multiple-choice
tests have some advantages [9]. However, they also have criticisms [10] related to the
fact that a constructed response is supposed to require more complex skills from the
student than a multiple-choice answer, thus allowing a student to perform a more
demanding and complete learning activity.

On the other hand, authors of [11, 12] show there is equivalence between con-
structed responses and multiple choices. The justification for this statement is that for
these authors, one way for the student to generate a response in a multiple-choice
questionnaire is that the student must first build a response, then verify/check against
possible alternative responses, thereby doing a significant learning activity.

In various papers, authors describe experiments in which students answering a
multiple-choice questionnaire are asked to justify their decision for various reasons,
like detecting false positives (choosing the right answer for a wrong reason) [13] or for
stressing the student’s reasoning process [14].
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In this inquiry, we wanted to explore how the need to justify the answer to a
multiple-choice questionnaire affects students’ performance. Furthermore, we also
wanted to study the quality of the comments provided by them. For these purposes, we
designed a learning activity in which students had to read texts and answer a multiple-
choice questionnaire where they also had to provide a short text justifying their choice
for the right answer. This activity was done in 3 phases: first individually; then again
individually but after looking at the answers and the justifying texts provided by their
groupmates; and finally, discussing the right choice and justifying text with their
groupmates having all members of the group to choose a common option. This learning
activity was supported by a technological tool named RedCoMulApp which we
developed (described in detail in Sect. 3).

The content of this article is organized as follows. Section 2 explains the relevant
theories, methods and techniques used as design requirements for the reading com-
prehension activity converted to a formative activity. Section 3 presents the design of
the reading comprehension activity, along with the description of the RedCoMulApp
application. Section 4 describes the preliminary experiments and Sect. 5 concludes the
paper.

2 From Multiple Choice to Reading Comprehension
Learning Activity

In a previous learning activity, students had to read a text in an electronic document
displayed on iPads, and mark the words of the text which represent the key idea
contained it [8]. However, this experience has shown that the approach of using
constructed development responses has its disadvantages, especially when applied to
massive courses. Some of these disadvantages are the following:

– It is difficult for students to develop a response built from mobile computer systems.
– It is time-consuming for the teacher to evaluate answers from all the students.
– It is difficult to monitor the degree of progress of the answers given by the students:

(a) how many have already responded, and (b) the correctness of the answers.
– It takes much effort and time for the teacher to give appropriate feedback to all

students based on their answers.

There were also problems related to Human-Computer Interaction when students
had to “mark” with a virtual pen the words of the text displayed by the iPad. In this
sense, an activity in which the students can respond through the selection of multiple
choices, would make the whole process easier; since the evaluation of the correctness is
simple. In fact, according to [10], the advantages of multiple choice tests are:

– They are easy to apply.
– Their results are trustworthy.
– Because they are standardized, they are applied in the same way to all students.
– They are objective.
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We can also add that if we are aiming at implementing a computer-based system,
multiple-choice tests are easy to build. However, some authors [9, 10] also express
some criticisms:

– It is possible to choose the right answer without real knowledge.
– Typically, students do not receive specific feedback, apart from the general results.
– The evaluator could be a non-expert in the subject and decide to take out questions

regardless of pedagogic arguments.

The criticisms are related to the fact that a constructed response is supposed to
require students’ complex skills. Therefore, a student performs a significant learning
activity. However, as mentioned above, [11, 12] show there is equivalence between
constructed responses to multiple choices. Marsh et al. [13] argue that in a multiple-
choice test students not only have to mark the option she/he considers to be the right
one but also to justify it.

There is a common test of student selection for almost all universities in Chile,
called PSU. An important part of it consists of reading comprehension, measured by
multiple-choice questions. This evaluation is summative, that is, it is meant to measure
what the students know. Based on [14], it is possible to convert an activity with
summative evaluation into a formative one if the evaluation is used as feedback for the
student to reflect on and reformulate their original answers. Moreover, this can be done
collaboratively to take advantage of the benefits offered by Collaborative Learning
(CL) not only in the academic but also in the social and psychological realms [15]:

Social benefits:

– CL helps to develop a social support system for learners;
– CL leads to build diversity understanding among students and staff;
– CL establishes a positive atmosphere for modelling and practicing cooperation; and
– CL develops learning communities.

Psychological benefits:

– Student-centered instruction increases students’ self-esteem;
– Cooperation reduces anxiety; and
– CL develops positive attitudes towards teachers.

Academic benefits:

– CL Promotes critical thinking skills;
– CL involves students actively in the learning process;
– Classroom results are improved;
– CL models appropriate student problem solving techniques;
– Large lectures can be personalized; and
– CL is especially helpful in motivating students in specific curricula.

Multiple-choice tests are mainly used for summative evaluations, since often the
feedback the student receives is the number of correct answers only and not the
explanations. In this inquiry we modified multiple-choice tests to include both aspects
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mentioned above, namely collaboration and justification of the right option. In par-
ticular, we modified the PSU summative evaluation in order to make it a formative
evaluation instrument.

2.1 Reading Comprehension

Students who use reading comprehension strategies (such as prediction, think-aloud,
text structure, visual representation of text, key words selection, etc.), improve their
understanding of the message, identify the essential and relevant parts of it, and/or are
able to express opinions or comments [16]. Accordingly, the design of the Red-
CoMulApp application has the following features:

(1) Use the advantages of short messages (microblogging).
(2) Implement real-time monitoring to manage the follow-up of the elementary

stages.
(3) Implement collaborative learning with groups of 2 to 5 students who will work

together to answer the multiple choices questionnaire.

In an educational context, short messages (microblogging, or tweets) can be used
to express ideas, paraphrase or criticize a concept [17]. Short messages provide support
for students’ collaborative work, since they allow posing questions, share ideas and
state answers.

One of the main contributions of software applications as a scaffolding for learning
activities is the real-time monitoring that the teacher can have on the level of progress
and achievement of her students, allowing her to act as a catalyst to produce changes in
the educational activity or in pedagogy [18].

Nowadays, university leaders are recognizing the need for collaborative learning
inside the classroom, to increase student success [19]. The goal of collaborative
learning techniques is to support learning for a specific educational objective through a
coordinated and shared activity, by means of social interactions among the group
members [20, 27]. Research has shown that proper design of collaborative learning
tasks can improve motivation levels, ease communication and social interaction
[21, 28], support coordination and increase the level of students’ learning achievement
[22, 23], and support face-to-face work using mobile devices [21, 24, 25].

3 Design of the Reading Comprehension Activity:
RedCoMulApp

This section describes the design of the RedCoMulApp collaborative application to
support reading comprehension, which can be used under two roles: teacher (Sect. 3.1)
and student (Sect. 3.2).
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3.1 Teacher’s Role

The teacher’s role allows creating the learning activity, and a real-time monitoring of
the task development. This monitoring allows the teacher to review the progress of the
learning activity that students are performing during “Individual”, “Anonymous” and
“Team Work” phases (phases are presented in the second line of the main window in
Fig. 1).

For the creating of the learning activity, a teacher performs the following actions
using the “Editor” option of the RedCoMulApp (see this option at the top of Fig. 1):

– Input the title of the activity and writing a text specifying the general instructions.
– Upload a text used as a context for the multiple-choice questions.
– Introduce the multiple-choice questions with their corresponding right answers.
– Using the “Users” option, a teacher assigns the students to the activity.
– With the “Groups” option, the teacher assigns the task to work teams, each one

composed of two or three students.

For the real-time monitoring of the task development, the teacher has access to
relevant information during the execution of the learning activity in order to review the
progress of the students in each phase by using the “Dashboard” option. For instance,
the teacher can know in the “Individual” phase, how many students have chosen the
right answers (see the bar diagrams of Fig. 2); or in the “Team work” phase how many
work teams have already completed all multiple-choice questions (Fig. 3). The infor-
mation presented to the teacher will be shown in simple graphic interfaces, such as
comparative tables or matrices, bar charts, etc. (Figs. 2 and 3), that are used by the
teacher to decide whether to move to the next phase or wait for a significant number of
students to complete the current activity stage. In addition, this information allows the
teacher to identify the students’ level of achievement in each phase, according to
answers correctly chosen by the students. For example, if less than 1/3 of the students
have successfully completed to answer their questions during the “Individual” phase,
then the teacher may proceed to intervene the class, offering feedback to explain the
questions, explain the context of the texts, etc. Monitoring and then intervening a face-
to-face class can be very effective [29].

Using the “Configuration”, “Individual”, “Anonymous” and “Team Work” options,
the teacher manages the development of the application. In the initial phase of
“Configuration”, the teacher can create the learning activity.

Then, when the teacher selects the “Go to Next” option (Fig. 1), the phase changes
to “Individual”, which is when the students receive the text to be read and the questions
to answer on an individual basis. Once all the students have finished responding, with
the “Go to Next” option the teacher changes the task from “Individual” to “Anony-
mous”; where the students answer the same questions again but having anonymous
access to the answers from two of their classmates (Fig. 4), according to the groups
defined with the “Groups” option. Then, the teacher changes phase to “Team Work”
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with the “Go to Next” option. At this stage students meet face-to-face and they answer
together the same multiple-choice questions, having access to the answers previously
given during the “Individual” and “Anonymous” phases. The students exchange
opinions in order to agree on a single answer.

In each of the “Individual”, “Anonymous” and “Team Work” phases, the teacher
can monitor and manage the activity and performance of students in real time through
the “Dashboard” option (Figs. 2 and 3).

Fig. 1. View of the interface for the teacher’s role, showing title of the activity, instructions, the
text and the multiple-choice questions with their answers. The task is assigned to the students
with the “Users” option. The “Groups” option is used to configure the groups. The teacher
monitors the activity using the “Dashboard” option (Fig. 2). The second line shows the phases of
the activity. The current one is highlighted in yellow: “Finished”. The “Go to Next” option
advances from one phase to the following one. (Color figure online)
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Fig. 2. A view of the monitoring tool showing the performance of the students with the correct
answers (green) and the wrong answers (red). This is from an activity performed by 22 students,
Sect. 1. The results are of the “Individual” phase, where students got an achievement of 40%–

60%. Although this view shows that the RedCoMulApp has finished (status “Finished” in the
label), it is possible for the teacher to access the students’ performance, since the view is with
“Dashboard” option activated, and has chosen the “Individual” phase. (Color figure online)
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Fig. 3. Two views of the monitoring tool showing the performance of the students with the
correct answers (green) and the wrong answers (red) for “Anonymous” (top view partially
covered) and “Team Work” (superimposed bottom view) phases. This capture is from an activity
performed by 42 students. The views show the activity has finished. The upper view are the
results corresponding to the “Anonymous” stage and the third one to the “Team Work” phase.
There is an increase in the students’ performance from phase to phase, reaching from 40%–60%
and 60%–80% in the “Individual” phase (Fig. 2), 60%–80% in the “Anonymous” phase to 60%–

80% and 80%–100% of correct answers in the “Team Work” phase. (Color figure online)
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3.2 Stages in the Learning Activity – Student’s Role

This section describes the “Individual”, “Anonymous” and “Team Work” phases which
students should go through with RedCoMulApp in order to accomplish the reading
comprehension learning activity in that order. As mentioned above, the teacher decides
the moment when to move from one phase to the next one.

“Individual” Phase. At this stage, each student individually reads the text provided by
the teacher (left hand side view of Fig. 4). As each student answers the questions, the
teacher can see the answers (in green if correct, and in red if it is incorrect) in real time in
RedCoMulApp using the “Dashboard”, as seen in the left hand side view of Fig. 2.

Fig. 4. Two views of the of RedCoMulApp interface in the student’s role from a session called
“August 22, 2017”. At the left, the status in “Individual” phase is highlighted. In the following
line labels with numbers 1 to 6 correspond to the six multiple-choice questions of this session.
They change color as they are answered. The text to be read is shown in the middle, followed by
the first of the 6 questions, along with 5 response options labeled with letters A, B, C, D and E. In
this case, the student has selected option C, and in the line below has written a brief justification
for his answer. The view on the right corresponds to the “Anonymous” phase, which contains the
response of the same student from the view on the left, together with the answers and
justifications of his colleagues from whom he receives this information anonymously. (Color
figure online)
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“Anonymous” Phase. At this stage, students do the same as in the previous stage
(reading the text and answering the multiple-choice questions) with the difference that
they can see the answers of the other two students of their groups without knowing who
they are (see the view on Fig. 4 at the right). Students have then to confirm their
previous answer or change them based on what their groupmates have answered.

“Team Work” Phase. At this stage, students see the names of their groupmates and
they meet face-to-face to choose a single option together. They can talk to each other,
exchange opinions and discuss their disagreements. All students of the group have to
select the same option as answer; otherwise, they receive a message from the system to
do so.

4 Evaluation of the Reading Comprehension Learning
Activity

Subjects and Settings: The evaluation took place at the Faculty of Economics and
Business of the University of Chile, with 12th grade students from nine Santiago mid-
income high schools, from July to October, 2017 (6 sessions in total, 90 min each).
There were 46 students in total, divided in two sections, 22 in the control section and
24 in the experimental section. At the end we used the information associated with 42
students (20 in the control section, 22 in the experimental section) since some of them
did not participate in all sessions. Students’ age ranged between 15 and 16 years old.

Procedure: In each session, the students worked in a regular classroom during the
language class time. During the first session, the teacher gave 5-min basic instructions
about the collaborative activity to both control and experimental sections. Students
performed a first test activity for 15 min in order to learn how to use the application.
This activity consisted in reading a simple short text and answering three questions.
After this preparation, students performed the proper activity (intervention), which was
recorded by the teacher and three teaching assistants. Each section had six sessions in
total.

Activity Description: The activity was designed according to the goals in reading
comprehension for students of 12th grade defined by the language area of the Chilean
Ministry of Education. Before starting the activity, the teacher explained the methods
and techniques of text reading comprehension. Later, during the experimental sessions,
students received a 800–900 words text that they had to read and then answer a
multiple-choice questionnaire in order to evaluate their level of comprehension of the
text they read. In each of the next five sessions, they received a new text to read. The
six chosen texts were extracted from the curricular content of the Chilean Ministry of
Education along with the corresponding multiple-choice questions. Text and ques-
tionnaire were the same for both sections in each session.

In each session, the activity started providing the students with iPads having net-
work access to the RedCoMulApp application, on which they had to log in with their
personal account and password. Then, the teacher started the activity on an iPad,
activating the “Individual” phase for approximately 20 min, where students
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individually accessed and read the text. After that, they answered 12–14 associated
multiple-choice questions. Once all the students finished this phase, they continued to
the “Anonymous” phase for nearly 30 min, where again each student accessed indi-
vidually the text to answer the same multiple-choice questions as before but having
access to the answers of their two groupmates. At this stage, students could confirm
their previously selected options or change their answers. Finally, in the “Team Work”
phase, which lasted approximately 30 min, the students received from RedCoMulApp
the names of their colleagues who in the previous phase saw their answers, and with
whom they now meet face to face to answer as a group the same multiple-choice
questions. In this phase, students are expected to talk to each other, exchange opinions,
and discuss and sort out their disagreements in order to have a group answer.

Both sections (control and experimental) had to perform exactly the same activity
except for the experimental section, whose students had to input a short text with an
argument justifying the chosen option; the control section did not have to enter any
justification.

Results. Comparing the performance in terms of correct answers given by the students
who had to justify their answers with a short text (experimental section) with those of
the control section, we can see that the difference is statistically significant at 0.000 as
shown in Table 1 in favor of the experimental section. This means that students who
justified the selection of the option obtained better results.

Moreover, when comparing the correct answers grouped by phase (“Individual”,
“Anonymous” and “Team Work”) the difference is also statistically significant at 0.000
in all cases as shown in Table 1. This implies that when having to justify the given
answer during the “Individual” stage the experimental section student had to think
more the comprehension of the text than the typical student of the control section. This
further work resulted in better answers.

On the other hand, during the “Anonymous”, stage the justification text helped the
students understand more accurately the selection of answers from their groupmates,
with whom they had not talked yet. Finally, during the “Team Work” stage the col-
laborative work with their groupmates, from whom they already knew their justifica-
tions enriched even more their own decision when selecting the right answer.

We also analyzed the quality of the justification given by the students of the
experimental section; that is, the degree to which they related the arguments written in
relation to whether it covers all the dimensions required for the selection of their
answers, whether correct or incorrect. For this analysis, we rated the quality of the
justifications to support the selected answers in all 6 sessions, and in all the stages
“Individual”, “Anonymous” and “Team Work” of the experimental section.

The justification was rated in one of three categories (see Table 2): (a) Insufficient:
It fails to cover any of the dimensions or elements of the response or choice made, or
simply, there was no evidence of coherence between the central idea and the given
answer. (b) Partially Sufficient: It covers some elements or dimensions of the response
or choice made. It is on the right track, but it does not give an adequate justification
involving the given answer. (c) Sufficient: The given justification is good enough to
justify the selected answers. They are in total coherence and can give relevant argu-
ments for their selection.
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Table 1. Description of the results, comparison between answers without and with
justifications.

Descriptive statistics

Justifications Answers Frequency Valid percentage

Without justifications (Control section) Incorrect 781 45.2
Correct 946 54.8
Total 1,727 100.0

With justifications (Experimental section) Incorrect 597 32.7
Correct 1,226 67.3
Total 1,823 100.0

Comparative statistics

Contrast statistics Value for the correct answers figure

U of Mann-Whitney 2755577.000
W of Wilcoxon 8722362.000

Z −8.763
Sig. asintot. (bilateral) .000
Comparison of correct answers between control and experimental grouped by phases

Phase Contrast statistics Correct answers

“Individual” U of Mann-Whitney 418677.000

W of Wilcoxon 1389598.000
Z −7.248
Sig. asymptote (bilateral) .000

“Anonymous” U of Mann-Whitney 206804.000
W of Wilcoxon 452154.000

Z −5.360
Sig. asymptote (bilateral) .000

“Team Work” U of Mann-Whitney 255944.500

W of Wilcoxon 1182785.500
Z −3.541

Sig. asymptote (bilateral) .000

Table 2. Classification of quality of the justifications written by the students of the experimental
section in all stages. It is important to note that the number of comments will not match the total
of justified answers, because only non-repeated justifications are taken into account, since several
were re-used and others were new in subsequent stages such as the “Anonymous” and “Team
Work”

Session #comments Insufficient Partially sufficient Sufficient

1 592 93% 4% 3%
2 397 89% 6% 5%
3 433 88% 9% 3%
4 405 90% 7% 3%
5 449 83% 13% 4%
6 265 86% 10% 4%
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Given the results shown in Table 2, we can conclude that the justifications written
by the students do not sustain (or are insufficient) for building an argument justifying
the decision made when selecting an option. However, it seems the intent of doing it
positively influenced the selection made.

5 Conclusions

The results of the experiment confirmed that the learning activity supported by Red-
CoMulApp presented in this paper effectively supports the improvement of the stu-
dents’ reading comprehension. Its design was based on converting a summative
evaluation learning activity into a formative one using a mechanism which is easy to
implement and use.

We can infer that students’ performance is positively influenced by their comments
production, regardless of their quality. It seems that the cognitive effort of trying to
make a statement makes the students choose better answers than those who do not have
to produce comments. Will they spend more time thinking on the answers? Will they
use upper level cognitive processes? Nevertheless, we did not observe a correlation
between the cognitive process of generating short texts and the quality of these texts.
The existing positive correlation is between the cognitive process and the text gener-
ation process.

It is interesting to observe answers such as “I believe…”, or “I think…”, or “In my
opinion…”. These statements seem to validate the widespread existence of the post
truth; i.e., the validity of just saying something or based on “my opinion” as a foun-
dation for decisions. The new pedagogic scenario should take into account this post
truth belief in which “my opinion” really matters and creates a reality [26].

Another observation is that the apparent widespread availability of “emojis” is
introducing a new way of communication, which is not understandable by the tradi-
tional analysis of text production.

Thanks to the new technologies, especially mobile devices, people are writing
many more characters today than in the past. We can imagine the number of characters
a person daily writes for communicating through Whatsapp, Facebook and other social
network applications is large by observing them in everyday life. However, we cannot
guarantee that people are writing better than in the past. Results obtained in this work
tend to show the contrary. Perhaps, a new communication paradigm is emerging, which
is worth to study.
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