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Abstract

Collaborative learning (CL) processes are not always effective and inadequate design of CL scenarios is one of the main
causes of its failure. Designing CL scenarios is a complex task, since it involves countless requirements and constraints
that affect the learning process. A previous study showed that educators, in general, perform an inappropriate design of CL
scenarios—failing to specify essential parameters and processes, mainly regarding the guidance of the learners’ actions and
the evaluation of their learning. This indicates the need to provide educators with proper support and guidance. This study
is particularly interested in providing a computational infrastructure to support and guide educators throughout the design
process. The proposed infrastructure was evaluated through a case study with a sample of professors at a university in real
situations of group work design in their face-to-face undergraduate courses. The results showed that, for this sample of edu-
cators, the infrastructure was able to expose them to relevant design parameters, supporting them in their specification and
helping them to understand these parameters. Therefore, the infrastructure shows potential to prevent CL scenarios from
being inappropriately and inefficiently structured.

Keywords Collaborative learning - Learning scenarios - Learning design tools

Introduction

Learning processes are not always effective [1], even when
collaborative learning (CL) strategies are used [2]. This
means that knowledge and skills development/acquisition
goals are not always achieved. It is a fact that there is an
increasing interest in providing learners with collaborative
learning scenarios that help them to acquire and develop
their knowledge/skills [3]. However, the simple action of
putting individuals working together does not ensure effec-
tive learning [3]. Educators are expected to create scenarios
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that not only keep learners actively involved in working to
develop their knowledge, but which are challenging, moti-
vating and adapted to them. Studies stressing the potential
of CL scenarios show that the chance of having meaningful
and lasting learning diminishes considerably when they are
not appropriately designed [4]. In fact, the inadequate design
of CL scenarios is one of the main causes of unsuccessful
group learning [5, 6].

Designing CL scenarios is a complex task, since it
involves countless requirements and constraints [7]. Well-
designed CL scenarios must be structured based on learn-
ers’ learning characteristics and needs, and considering the
necessity to guide learners’ actions and interactions. Moreo-
ver, they must be structured in a way that enables educators
to perform monitoring, analysis and evaluation of the learn-
ing process accurately [8—10]. However, educators often and
mistakenly understand CL as any activity in which learners
work in groups. Therefore, in most cases, they simply ask
learners to work in groups, without any suitable preparation
[11]. As a result, CL scenarios are improperly and ineffec-
tively structured [11, 12]. In a broader sense, the difficulty
is to transform all aforementioned issues into elements
that structure a scenario. This is a particularly challenging
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process for—but not limited to—novice educators, since, in
most cases, they do not have all necessary knowledge and
expertise [13]. In fact, many educators do not feel prepared
to design such scenarios [14, 15]. Chikh [16] corroborates
it by mentioning that many of the intrinsic concepts of the
process are unknown by many educators.

In this sense, this study deals with the problem of design-
ing CL scenarios without careful planning. We argue that, in
general, educators do not perform the design of CL scenarios
taking into account the specification of important param-
eters (learning objectives, tasks sequencing and assignment,
monitoring, evaluation, etc.). This premise was the object of
a previous study [17] in which we observed its occurrence in
a sample of educators. Thus, it is crucial to provide educa-
tors with proper and useful guidance and support. The goal
of this study is to provide an infrastructure able to guide and
support educators throughout the process of designing CL
scenarios, exposing them to relevant design parameters and
supporting them in their specification. The study was carried
out under the case study methodology, with a qualitative and
exploratory approach. It was based on the hypothesis that
this infrastructure provides educators with proper support
and guidance when designing CL scenarios, helping them
to understand the relevant design parameters and to specify
them. Both the proposed infrastructure and the case study
to evaluate it were described in a previous paper [19]. This
study aims to discuss them in more detail, in addition to
presenting relevant new results.

CL Scenarios Design: Related Approaches

Many approaches have been proposed in order to support
educators in structuring CL scenarios. Collaborative scripts
[21], collaborative patterns [11, 22] and instructional design
models [23] are some of them. In summary, collaborative
scripts correspond to a set of instructions related to how
members of a group work should interact, collaborate and
solve a specific problem. Thus, they are scenarios that organ-
ize activities and actions inherent to the learning process.
Collaborative patterns aim to document techniques to organ-
ize the sequence of activities included in CL scenarios. Once
structured as patterns, the techniques can be repeatedly used.
Instructional models are defined as a set of activities (previ-
ously sequenced) to be followed by educators for the design
of CL scenarios. In addition to these approaches, there is a
set of computational tools developed with the purpose of
supporting educators throughout the design process.
Despite several approaches, all of them have limita-
tions—regarding the support and guidance provided to
educators and their flexibility. In relation to collaborative
scripts, there is no reference model for their specification,
and there is also a lack of guidance on how educators should
specify the script elements. Existing proposals are limited
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to presenting their parameters. Regarding collaborative
patterns, their instructions and activities are predefined—
therefore, imposing a limitation in relation to their flexibil-
ity (being structured according to the educator’s intentions
and needs). Furthermore, there are a considerable number
of patterns (with specific proposals), imposing on educa-
tors the need to know several of them in order to be able
to choose those that best suit one’s needs. In relation to
the design models, it is observed that they do not include
specific instructions (they present general guidelines, not
defining how the activities should be carried out). Regarding
computational tools, despite their diversity, there are also
limitations. In fact, in general, they do not provide any guid-
ance to the educators (i.e.: how the design process should be
carried out), and they are also restricted to specific models,
limiting their flexibility. In [24], an analysis of several of
these tools was performed.

The limitations presented by current approaches/tools
reinforce the need to provide an infrastructure capable of
properly supporting/guiding educators in the design of CL
scenarios.

Methodology

In this section, the methodology adopted in this study is
described: the background, the infrastructure to support the
design of CL scenarios, and the case study carried out to
evaluate it.

CL Scenarios Design: An Analysis

The literature is clear about the responsibility of educators to
provide learners with an effective learning experience [18]
and the consequences of carelessness in planning CL pro-
cesses. In fact, it is hard to imagine that a CL situation can
be effective in its purpose if educators fail to provide learn-
ers with adequately structured scenarios. Thus, we directed
efforts in a previous study [17] towards investigating how
educators of higher education carry out designing of group
work activities while teaching face-to-face undergraduate
courses.

Initially, as a result of a literature review, we identified the
most relevant elements to the design process. From them, a
set of 12 design principles (recommendations with the pur-
pose of guiding educators on how to specify these elements)
was defined. From these design principles, we proposed an
analysis framework: an instrument to analyze the design of
group work scenarios implemented by educators. Basically,
this framework enables verifying—for each design principle
and according to the way the educator performs the design—
whether the design does not meet, partially meets or fully
meets the principle. The result of the analysis is a score that
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represents the level of adherence of the educator’s design to
each design principle.

Table 1 presents the design principles, with a brief
description of them.

Table 2 presents a piece of the analysis framework.

As presented in Table 2, for each design principle, three
alternatives were specified (a, b and c)—for each one, a valu-
ation score was defined: 0 (does not meet the principle), 0.5
(partially meets the principle) and 1 (fully meets the princi-
ple). Thus, according to the way the educator performs the
design related to each principle, he/she gets a score. Con-
sidering all the principles, the educator can achieve a total
score between 0 and 12.

Using this analysis framework, we carried out a case
study in order to analyze the level of adherence to the 12
design principles of the (group work) design often performed
by (a sample of) educators. Personal and semi-structured
interviews were conducted with 30 professors from the com-
puter science department of a Brazilian public university.
Of these 30 professors, 27 had a doctor's degree and 3 had
a master's degree. Regarding teaching experience in higher
education (in years), 6 professors had less than 5 years, 7 had
between 5 and 10, 13 had between 11 and 20, 2 had between
21 and 30, and 2 had more than 31 years. On average, the

Table 1 Design principles

sample had 13 years of teaching experience. The sample
was selected based on an intentional and non-probabilistic
approach. As previously mentioned, we restricted this study
to face-to-face computing higher education domain. This
restriction was necessary due to the specificities of different
knowledge areas, which naturally guide the teaching activity.
As limitations of the study, we highlight the restricted scope,
the strategy adopted for the selection of the sample and the
number of participants. In addition, considering the data col-
lection protocol, self-reported data by the participants may
contain sources of bias.

The interview was divided into five phases—each one
related to an aspect of the group work design domain. The
objective of phase “a” was to investigate if the educators use
group work practices when teaching undergraduate courses.
Phase “b” aimed to obtain information about group forma-
tion strategy in CL scenarios proposed by them. Phase “c”
aimed to analyze how these educators structure and specify
the tasks of the group work (e.g., how granular they are
specified, if their learning objectives are defined and if they
are monitored during their development). In phase “d”, the
idea was to analyze how educators perform the evaluation
of learners. Finally, phase “e” had the objective of verifying
the understanding of the educators regarding the concept

Design principles

Description

1—Learning objective (work)

2—ILearning objective (learner)
3—group formation

4—Activity Specification

S5—activity suitability

6—activity division
7—collaboration

8—monitoring (work development)

9—monitoring (learning process)

10—activity guidance

11—support material

12—Ilearning evaluation

Its specification is recommended at the level of work activities, so that the learners are given the opportu-
nity to better manage their achievement. Moreover, it is possible for the educator to carry out evaluation
and monitoring processes in a more precise way and to have a clearer perception about the specific
purposes of these activities and the concepts to be explored

Its specification for the learners (individually) is recommended, so that it enables the educator to monitor
and evaluate the learning of each learner in a more precise way

The active participation of the educator is recommended in order to avoid inappropriate composition of
groups

It is recommended that they are defined with a high level of granularity (i.e., more specific activities) to
facilitate the specification of their parameters (objectives, deadlines, etc.) and to enable educators to
perform evaluation and monitoring processes more accurately

It is recommended that they are designed considering the learners’ characteristics (instructional needs,
level of knowledge, etc.) individually

The active participation of the educator is recommended in order to prevent the process from occur-
ring improperly (i.e., students being responsible only for activities they consider easier for them) or
unequally (i.e., few members being responsible for most tasks)

It is recommended that it is fostered and also guided by the educator

It is recommended that it is carried out at the activity level — thus, making it possible to obtain more
precise information that is essential to the management of the process

It is recommended that it is done through careful observation. It is necessary to previously define goals,
criteria and points of analysis. In addition, it should be done at the level of the students, so that the
teacher is clear about the individual evolution of each student throughout the instructional process

It is recommended that the educator supports and guides learners in the accomplishment of the work
activities

It is recommended to provide materials that assist students in the development of each task

It is recommended that it is carried out at the student level (individually) and throughout the work devel-
opment
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Table 2 Piece of the analysis framework

8 — Monitoring (work development)

a The educator does not monitor the development of the activities 0

b The educator monitors the development of the activities through abstract elements; the monitoring 0.5
process is carried out at the level of the work, its phases or activities (individually)

The educator monitors the development of the activities through formal elements; the monitoring
process is carried out at the level of the work

c The educator monitors the development of the activities through formal elements; the monitoring 1
process is carried out at the level of the work phases or its activities (individually)

9 — Monitoring (learning)

a The educator does not monitor the learning process 0

b The educator monitors the learning process through abstract elements; the monitoring process is car- 0.5
ried out at the level of the class, groups or learners (individually)

The educator monitors the learning process through formal elements; the monitoring process is car-
ried out at the level of the class or groups

c The educator monitors the learning process through formal elements; the monitoring process is car- 1
ried out at the level of the learners (individually)

12 — Learning evaluation

a The educator evaluates learners’ learning through abstract elements; the educator evaluates the class, 0
group or learners (individually); the process occurs only at the end of the work development

b The educator evaluates learners’ learning through formal elements; the educator evaluates the class, 0.5
group or learners (individually); the process occurs during the work development

c The educator evaluates learners’ learning through formal elements; the educator evaluates the learn- 1
ers (individually); the process occurs during the work development

of collaboration and how they stimulate it within the group
work scenarios. Through the analysis of the educators’
answers, and using the analysis framework, the results of the
case study are as presented in Table 3, in descending order
regarding the level of adherence. The educators’ level of
adherence was defined based on their total score. The clas-
sification grades were: Null (0), Insufficient (0 < score <4),
Regular (4 < score <8), Good (8 < score < 12) and Excellent
(12).

Of the sample of 30 educators, 22 make use of group
work practices while teaching undergraduate courses, 5 have
already used it (but no longer use it), and 3 have never used
it. For these 3, the interview ended after phase “a”—since
our focus was on educators who make use of group work
practices. Of those 5 educators, only 3 (marked in red in
Table 3) decided to participate in the rest of the interview.
For the other 2 educators, the interview ended after phase
“a”. Thus, the results presented in Table 3 refer only to those
25 educators.

These results show that, of the 25 educators, 21, 3 and 1
implement a design whose adherence level is, respectively,
insufficient, regular and null. The results expose a set of
deficiencies regarding the design of group work scenarios
implemented by these 25 educators. In fact, they do not spec-
ify several of the important elements of the design process.
We found that many educators do not specify such elements
because they are not aware of them or simply because they
do not know how to do it properly. Therefore, these results
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reinforce the necessity of providing educators with proper
support and guidance when designing CL scenarios, helping
them to both understand and specify the design elements.

CL Scenarios Design Infrastructure

Considering that the proposal of this study is to guide and
support educators to appropriately design CL scenarios, the
solution consists of a design infrastructure—which is com-
posed of (a) a design metamodel and (b) a computational
tool. The first one refers to a conceptual structure that con-
ceptualizes the domain of CL scenarios design, and it is
based on the 12 design principles mentioned in Sect. 2.1.
The second one consists of a computational tool to sup-
port educators throughout the design process. Basically,
the design workflow consists of specifying the elements/
parameters of the metamodel, according to the educator's
instructional intentions, generating a particular CL scenario
that expresses them.

Figure 1 presents the design metamodel.

The proposed design metamodel is composed of 14 con-
cepts. The basic structure of a project (group work) com-
prises the concepts Project, Section, Practice and Mod-
ule. A Project is composed of Modules (topics explored
in the project) and Sections. Learners/Groups perform
Practices (development of learning activities) distributed
through Sections. Practices can be sequenced and related
to each other by the educator through an activity structure.
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Tab!e 3 Adherence to the Design principles
design principles
1 2 3 4 5 6 7 8 9 10 11 12
P3 05 05 0 O 0 0 05 05 0 05 10 10 45 Regular
P6 1 05 0 1 0 0 05 0 0 0 05 1.0 45
PI3 05 05 0 05 05 O 05 05 05 05 05 O 4.5
P2 05 05 0 05 O 0 0 05 05 05 05 0 3.5 Insufficient
P4 05 05 0 O 0 0 05 05 0 05 1.0 O 35
P11 05 05 0 O 0 05 05 05 O 05 05 0 35
P5 05 05 0 05 O 0 0 05 0 05 05 0 3
P17 05 05 0 05 O 0 0 05 05 05 O 0 3
P1 05 05 0 O 0 0 0 05 0 05 05 0 2.5
P9 05 05 0 O 05 0 0 0 05 0 05 0 25
P12 0 0 0 05 0 0 05 05 0 0 1.0 0 25
P15 05 05 0 05 O 0 05 05 0 0 0 0 25
P16 05 05 0 05 O 0 0 05 0 0 05 0 2.5
P20 05 05 0 05 O 0 0 05 0 05 0 0 2.5
P14 05 05 0 O 0 0 0 0 05 0 05 0 2
P21 05 05 0 O 0 0 0 05 0 05 0 0 2
PI8 05 05 0 O 0 0 05 0 0 0 0 0 1.5
P24 0 05 0 O 0 0 0 05 0 05 0 0 1.5
P7 0 0 0 0 0 0 0 05 0 05 0 0 1
P8 0 0 0 0 0 0 0 05 0 0 0 05 1
P10 O 0 0 0 0 0 0 05 0 05 0 0 1
P19 O 0 0 0 05 0 05 0 0 0 0 0 1
P23 0 0 0 1 0 0 0 0 0 0 0 0 1
P25 05 O 0 0 0 0 0 0 0 0 0 0 0.5
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 Null
Fig.1 Design metamodel
Role » v
ontain A conta
RS o ) g e
s performed for erf ! lated
Structure
Activity e " ——
\ 4 L / v
Learning Monitoring Evaluation Support
Activity Activity o Activity ‘ Activity o
Contingency

Learners can play roles in the Project. Learning objects
can be used to support the development of Practices. Mon-
itoring activities can be specified to monitor Practices or
Sections. Evaluation Activities can be used to assess Prac-
tices or Sections. Educators can assist the development of
Practices or Sections through a support activity. Contin-
gency activities correspond to actions to be performed as

-

nvolve Activity nvolve

a result of a specific condition identified by the educator
through a monitoring or evaluation activity.

All the concepts comprise parameters that enable the
educator to specify a particular aspect of group work design
domain, according to the design principles. The learning
objective (Project) principle, for instance, could be met
through the specification of the parameters in the metamodel
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concepts Project, Section and learning activity. These con-
cepts enable the educator to define, for instance, the general
objective of the work, the objective of its sections and the
objectives of each learning activity. In addition, it is possi-
ble, through the Project concept, to specify parameters such
as identifier, description, and prerequisites.

The computational tool aims to provide support for the
use of the design metamodel, guiding educators with regard
to the analysis and specification of its elements. The devel-
opment of the tool was carried out to support educators in
specifying the 12 design principles. The tool provides a set
of functionalities, grouped in six categories: Create (to cre-
ate/register elements in a project; e.g., “create learning activ-
ity”), Edit (to complement/modify information of elements
registered in the project; e.g., “edit practice”), Visualize (to
visualize information of elements registered in a project or
relationships between elements; e.g., “visualize learners
assigned to practice”), Include (class of actions that enables
the educator to relate elements; e.g., “include learning object
in the section”), Assign (relate elements of a project; e.g.,
“assign role to learner”), Delete (class of actions that enables
the educator to delete elements of the project or “discon-
nect” related elements; e.g., “delete monitoring activity of
the section”). The development of the tool was carried out
based on the Object Oriented Programming paradigm and
PHP programming language. It was structured as a mono-
lithic Web application, using a multilayer architecture.

Figure 2 presents one of the tool’s screens.

Fig.2 Project specification
screen

-

MENU DE ADMINISTRAGAO H

# Home
£ Instrugdes Iniciais

& Projeto

MENU DE PLANEJAMENTO
PROJETO: TRABALHO DE
IMPLEMENTAGAO |
B Médulo
& Segéo
2 Pritica

= Aluno

| W i

6 Projeto

In Fig. 2, marking A highlights the administration menu,
which enables, for example, to access the educator’s pro-
jects. Marking B highlights the design menu, which enables
the educator to carry out a planning process. Marking C
shows the form for registering the basic information about a
project. Marking “D highlights the information and guide-
lines for specifying each of the form fields. The tool contains
several processes related to specifying the various design
parameters. It controls all these processes, performing all
the necessary analyses. Thus, the educators are only respon-
sible for decision-making and also for registering, through
the forms, information regarding all aspects of the project.

Design Infrastructure Evaluation

The evaluation aimed to analyze the CL scenario design
process carried out by educators in their face-to-face under-
graduate courses (in the computer science domain). The pur-
pose was not to evaluate if the design supports educators in
conducting the learning process or if it promotes learners’
learning. Actually, the goal was twofold: (a) to analyze the
educators’ perception about the guidance and support pro-
vided by the infrastructure and (b) to analyze the level of
adherence of the design implemented by them, through its
use, to the 12 design principles. Although it is relevant to
analyze the effectiveness of the design in supporting educa-
tors in conducting learning processes, as well as in fostering

Y Edmar v

Dados do projeto

Identificador:

Descrigéo:

Data de inicio:

Data de término:

Objetivo:

Pré-requisito:

 Cancelar m

& Grupo

(£ Atividade de Aprendizagem
[ objeto de Aprendizagem :
&% Estrutura de Atividade

A Pendéncias

(# Descrigdo

« Identificador: Titulo/denominagdo que possibilita identificar o projeto

+ Descrigao: Possibilita descrever o projeto

+ Data de inicio: Possibilita a definigao da data de inicio da realizagéo do projeto pelos alunos
* Data de término: Poss
+ Objetivo: Possibilita a descrigéo dos objetivos gerais do projeto

+ Pré-requisito: Possibilita a descrigao dos pré-requisitos necessérios para o desenvolvimento do projeto pelos alunos

ilita a definigéo da data de entrega do projeto pelos alunos
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the development of learners’ learning, these are issues to be
addressed in future works.

As mentioned in Sect. 1, this study adopted the case
study research methodology, with a qualitative and explora-
tory approach [20]. Our hypothesis was that the proposed
infrastructure provides educators with support and guidance
when designing CL scenarios, helping them to both under-
stand the important design parameters and to specify them.
The case study was carried out throughout one semester in
a university, with educators in real situations of group work
design. The approach of multiple case studies was adopted,
with multiple units of analysis defined for them. The choice
was appropriate since it makes it possible to carry out a
comparative analysis of the cases, enabling a broad view
of the studied phenomenon. The definition of the cases, as
well as of the units of analysis (educators), was based on the
results from our previous study [17]—discussed in Sect. 2.1.

The definition of the cases was based on the following
three criteria: (a) interest in using group work practices, (b)
use of group work practices and (c) the level of adherence
of the design to the design principles. As a result, four cases
were defined—as presented in Fig. 3. Particularly, the case
study did not consider the group of educators, who, in our
previous study, reported not using group work practices or
not having any interest in this learning approach.

The selection of the units of analysis was based on the
scores (level of adherence to the design principles) presented
in Table 3, and also on the educator’s interest and availability
to participate in the study. For cases 2 and 4, our interest was
to select the educators with the lowest and highest levels,
respectively. For case 3, the interest was to select educators
with different levels. Three units of analysis were selected
for each case; this was based on Yin [20]—according to him,
in multiple case study projects, it is necessary to have at least
two units in each case. Table 4 presents the selected units.
On average, this sample had 11 years of teaching experience

Case 1
Educators who do not use group work practice, but have already
used it

Case 2
Educators whose designs were not adherent to the design principles
(when compared to the results of other educators)

Case 3
Educators whose designs were moderately adherent
(when compared to the results of other educators)

Case 4
Educators whose designs were adherent to the design principles
(when compared to the results of other educators)

Fig.3 Cases of the case study

Table 4 Units of analysis of the

Cases Selected Adher-
case study educators ence
level
1 P23 1
P24 1.5
P25 0.5
2 P18 1.5
P19 1
P22 0
3 P14 2
P16 2.5
P20 2.5
4 P2 35
P6 4.5
P17 3

in computing higher education, with 11 educators having a
doctor’s degree and 1 having a master’s degree.

The data collection protocol is presented in Fig. 4.

This data collection protocol comprises three phases: pre-
liminary phase, principal phase and final phase, with specific
phases in each one. In the first one, the cases and the units of
analysis of the case study were defined. The principal phase
comprised the phases of design, analysis and interview. In
the design phase, the educators carried out, through the pro-
posed infrastructure, the design of a group work practice.
All educators had approximately 6 weeks to complete the
design. The case study started at the beginning of the aca-
demic semester of a university. At the end of this phase, the
researchers performed an analysis of the design carried out
by each educator to evaluate its adherence to the 12 design
principles. The same analysis framework specified in our
previous study was adopted—thus, with the educators get-
ting, for each design principle, a score 0, 0.5 or 1 depending
on whether their design does not meet, partially meets or
fully meets the principle.

The interview phase consisted of personal and semi-struc-
tured interviews with each educator. The goal was to analyze
the educators’ perception about the use of the infrastructure.
Specifically, we aimed to analyze if the infrastructure guided
and supported them throughout the design process and also
if it helped them in understanding the design principles (both
in terms of their specification and the relevance of carry-
ing out a design that contemplates them). The final phase
comprised the analysis phases of the case study: general,
literal replication and theoretical replication. The first one
intended to analyze each educator individually. The literal
replication intended to compare, for each case, the educators
to each other, based on the results of the general analysis—
thus, making it possible to obtain the conclusions for each
studied case. The theoretical replication analysis intended to

SN Computer Science
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Fig.4 Data collection protocol
of the case study

Results of Previous
Study

Cases Definition
(1,2,3and4)

Preliminary
Phase

Design Process
(educators)

Principal
Phase
—pd

r<

Phase

Final

compare the cases to each other, based on the results of the
literal analysis—thus, making it possible to obtain a broad
view of the phenomenon studied. These analysis phases were
performed according to Yin [20].

Results and Discussion

As previously mentioned, the case study intended to analyze
(a) the level of adherence of the design carried out by the
educators (through the proposed design infrastructure) to
the 12 design principles, and (b) their perception regard-
ing the guidance and support provided by the infrastructure.
Regarding item “a”, the design often carried out by the edu-
cator (Table 3) was compared with that carried out through
the infrastructure. Table 5 presents, for each case and each
educator, the level of adherence obtained without using the
infrastructure (WI) and using it (UI).

These results show that all educators, of cases 1, 2, 3
and 4, achieved a higher level of adherence—when compar-
ing the scores related to the design without using the infra-
structure and using it. Therefore, the infrastructure was able
to support all educators in carrying out a CL design more
adherent to the design principles. Besides, for all cases, a
significant improvement in terms of adherence to the design
principle was observed, when comparing the scores of the
educators without using the infrastructure and using it. For

—»

General Analysis
(for each unit of analysis)

Units of Analysis
Definition

Design Analysis

(researcher) Interview

Literal Replication Analysis
(between units of the case)

Theoretical Replication Analysis

>
(between the cases)

case 1, the sum of the scores of educators P23, P24 and
P25 increased from 3 to 17. For cases 2, 3 and 4, this total
score—to their respective educators—increased from 2.5 to
18.5, from 7 to 19.5 and from 10.5 to 19.5, respectively.
These results show that the infrastructure had a greater
impact in cases 2 and 1, and less impact in cases 4 and 3,
respectively, cases with the lowest and the greatest level of
adherence without the infrastructure. Therefore, in the cases
in which the educators presented more expressive difficulties
in terms of design (without the infrastructure), the infra-
structure provided greater support capability in helping them
to carry out a design more adherent to the design principles.
On the other hand, the lower this difficulty for educators
(analyzing the cases, as a whole), the lower was the support
capability provided to them by the infrastructure.

When analyzing the scores using the infrastructure, it is
possible to notice that there was no significant difference
between most educators. The results, therefore, show that
the infrastructure was able to uniform the level of adherence
between them—this means that the educators with more sig-
nificant difficulties in carrying out a design adherent to the
principles were able to achieve a similar level to those with
less difficulty.

Regarding item “b”, as previously mentioned, the purpose
was to analyze the support and guidance provided by the
infrastructure and if it helped the educators in understanding
the specification of the design principles and the relevance

Table 5 Adherence level

. . Case 1 Case 2 Case 3 Case 4
comparison analysis
P23 P24 P25 P18 P19 P22 P14 P16 P20 P2 P6 P17
WI 1 1.5 0.5 1 0 2 2.5 2.5 35 4.5 3
Ul 5 8 4 5 5.5 5.5 7.5 6.5 7 6 6.5
Total score (per educator)
WI 3 7 10.5
Total score per case
(sum of teachers' grades — per case)
Ul 17 18.5 19.5 19.5

Total score per case

(sum of teachers' grades — per case)
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of carrying out a design that contemplates them. The results
were obtained from the interviews carried out in the inter-
view phase (Fig. 4). Figure 5 presents some of the issues
investigated through the interview.

Regarding question 1, all educators emphasized the
relevant contribution of the infrastructure. Some of them
stated that they had never thought of carrying out a design
considering all the design principles. Other educators men-
tioned considering some of the principles, but in an intuitive/
abstract way and not formally specified as it is proposed
by the infrastructure. In this context, they affirmed that the
infrastructure helped them in designing the group work
scenario and in the process of thinking about it. Regarding
question 2, all educators mentioned the significant support
and guidance provided by the infrastructure, emphasizing
that the processes were well linked, described and also
explained. Some of them affirmed that the infrastructure
guided them on which parameters should be specified and
how. Other educators mentioned the learning provided by
the infrastructure, in the sense that it encourages thinking
about the scenario in a more effective way.

Regarding question 3, all educators answered positively,
emphasizing that the principles are important for both learn-
ers (helping them throughout the learning process) and edu-
cators (helping them to conduct the learning process). Some
of them affirmed they thought they were doing a proper
design, but realized they had to think about elements they
usually do not. For question 4, all educators also answered
positively. They mentioned that, after using the infrastruc-
ture, they had another view of how to design group work sce-
narios. Regarding question 5 (only for the educators of case
1), the three educators affirmed that the infrastructure, to
some degree, encourages the use of CL practices. According
to them, it provides proper support and guidance throughout
the process—significantly reducing the complexity involved.

Question 1
How much the infrastructure supported the educator in thinking the
design

Question 2
How much the infrastructure supported and guided the educator in
specifying the design principles

Question 3
How much the infrastructure supported the educator's reflection
about the relevance of the design principles to the design process

Question 4
If the infrastructure changed the educators' perception of how to
design group work scenarios

Question 5
(Only for educators of Case 1): If the infrastructure encourages the
educator to use work group practices

Fig.5 Investigated issues

In addition, it impels the educator to think about various
aspects of design. Of the three educators, two mentioned that
it naturally provides a more laborious process—according to
them, a possible point of discouragement.

In addition to the previously mentioned questions, the
interview also aimed to verify the educators’ perception
regarding each design principle. When evaluating a design
principle as positive (+), the educator considers that think-
ing about it was interesting, that it was relevant to the design
process and that the infrastructure helped him/her in its
analysis. When evaluating a design principle as negative
(-), the educator considers it confusing/complex (the edu-
cator did not understand it) or even harmful to the learning
process. When evaluating a design principle as indifferent
(=), the educator considers that it is not interesting (i.e., it
is not aligned with the way he/she usually designs group
works), or it does not have significant advantages (e.g., it is
already considered when designing group work scenarios).
Table 6 presents the educators’ perception regarding all the
12 design principles.

These results showed that all design principles were
positively evaluated. Only three principles were negatively
evaluated for one educator. According to him, it was com-
plex to think about some design principles (in his opinion,
perhaps because of lack of practice, i.e., he is not used to
thinking about them). The principles 3 and 6 were most
rated as indifferent. In the interviews, both of them were
frequently mentioned as a strategy not aligned with the way
the educators usually design their group work scenarios. The
educators, therefore, affirmed they prefer to leave both the
formation of groups and the division of work activities under
the learners’ responsibility. Particularly, this result highlights
some educators’ resistance to change some aspects of their
perception of how to design group work scenarios. However,
even for these educators, the design principles are relevant.

In this study, the proposed solution was to provide an
infrastructure able to support and guide the educators
throughout the design of group work scenarios. Particularly,
it was intended (a) to make explicit to these educators rel-
evant design parameters and (b) to help them in their specifi-
cation, consequently, improving the level of adherence to the
design principles and helping the educators in understanding
them. The infrastructure, as shown through the results, sup-
ported and guided the educators in carrying out a design
more adherent to the design principles and also helped them
in understanding these principles.

Conclusions

Careful planning is essential for the effectiveness of CL sce-
narios. However, the design of such scenarios is a complex
task, and many of the important parameters inherent to the
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Table 6 Educators’ perception

Design principles
regarding the design principles enp P

1 2 3
1 P23+ + =
P24+ + +
P25+ - +
2 PI8  + + +
P19+ = =
P2+ + =
3 Pl4 4+ = +
Pl6  + + +
P20+ + +
4 P2 + + =
P6 + =
P17+ + =

4 5 6 7 8 9 10 11 12
+ + + + + + + + +
+ + + + + + + + +
+ - = + - + + +
+ + = + + + + + +
= = = = + + = = +
+ + + = + + + + +
+ = = + + = = + +
+ + + + + + + + +
+ + + + + + + +
+ + = + + + = +
= = + + = =
+ = + + + + + +

process are not taken into account and/or specified by the
educators. Consequently, they are usually inappropriately
and inefficiently structured, making it difficult for the learn-
ers to achieve the learning objectives. In this context, it is
crucial to provide educators with proper support and guid-
ance, exposing them to parameters and processes that should
be accounted for in the CL scenarios’ design process.

Our previous study highlighted a set of deficiencies
regarding the design of group work scenarios carried out
by a set of educators, showing that many of them do not
specify important parameters because they are not aware
of them or simply because they do not know how to do it
properly. Based on these results, this study proposed a com-
putational infrastructure able to guide and support educators
throughout the process of designing CL scenarios. It was
carried out under the case study methodology, with a sample
of educators in real situations of group work design. As a
hypothesis, it was assumed that the infrastructure provides
these educators with support and guidance when designing
CL scenarios, exposing them to relevant design parameters,
supporting them in their specification and helping them to
understand these parameters.

The results showed that, unlike current approaches and
tools, the infrastructure proposed in this study provides both
flexibility and support/guidance to educators. In fact, it not
only helps educators in specifying relevant elements inher-
ent to the CL scenarios’ design process (covering different
aspects of collaborative practice), but also helps them to
assimilate these elements. Furthermore, the educators are
totally free to decide how and which elements should be
specified—thus, they could structure a CL scenario accord-
ing to their needs and intentions. As future works, our inten-
tion is to investigate the impact of the proposed design infra-
structure on learners’ learning. We also aim to carry out
computational improvements on it, as well as the conceptual
structure that supports it.
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