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Abstract. Having as an objective to support teaching and learning in introduc-
tory programming courses, a didactical framework is proposed for the design of
learning activities which may cover both the comprehension and the application
level of the learning goals. The framework and the corresponding learning envi-
ronment engage students actively in the learning process and promote learning
through exploration and collaboration. Furthermore, in order to support the
elaboration of collaborative activities, a synchronous text-based communication
tool is proposed which supports mechanisms for adaptation and personalization
of the communication as well as for students’ self-regulation so that they have a
fruitful communication/collaboration.
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1 Introduction

In the context of introductory programming courses, the students are expected to ac-
quire knowledge about the main programming concepts/constructs and cultivate basic
skills concerning the development of simple programs. The so-called traditional
teaching approach, which is usually followed in introductory programming courses,
bases the instruction mainly on the sequential presentation of the generic program-
ming concepts/constructs using a specific programming language [1], [16] and a set of
activities/tasks mainly related to number processing [4]. This approach is considered
one of the main reasons for the difficulties that students encounter in programming
[16].

Modern learning theories give emphasis on students’ active involvement in teach-
ing and learning process and stress the significant value of the exploratory and col-
laborative learning [21]. The exploratory approaches enable students to develop
exploratory skills and to construct the expected knowledge. These approaches are
considered particularly useful in subject matters, such as Informatics, that concern the
understanding of the functional characteristics of various concepts/constructs and the
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development of skills in problem solving. Regarding students’ communication during
collaboration, the structuring and regulatory approaches contribute to the develop-
ment of tools that support and guide students in the development of communication
skills and in having a fruitful collaboration [2], [13].

In this context, the research focuses on the exploitation of characteristics from ex-
ploratory and collaborative learning and on the development of web-based learning
environments that contribute to the knowledge construction in programming and
promote the synchronous communication of students. In particular, towards the direc-
tion of supporting teaching and learning in introductory programming courses, a di-
dactical framework for the design of learning activities, referred to as ECLiP (Ex-
ploratory + Collaborative Learning in Programming) is proposed. The framework and
the corresponding web-based learning environment, referred to as e-ECLiP, exploit
characteristics from exploratory and collaborative learning and support students’ ac-
tive involvement and the cultivation of programming skills. In order to support the
elaboration of collaborative activities, a synchronous text-based communication tool
was developed. The so-called ACT tool (Adaptive Communication Tool) takes ad-
vantage from the structuring and regulatory approaches proposed in literature, pro-
poses mechanisms for adaptation and personalization of the communication and sup-
ports students’ self-regulation so that they have a fruitful communica-
tion/collaboration.

The paper is organized as follows. In Section 2, a description of the didactical
framework ECLiP and the web-based learning environment e-ECLIiP is provided.
Following, in section 3, the ACT tool is presented. The paper ends, in section 4, with
the main points of the research and its contribution in the specific research area.

2  The didactical framework ECLiP and the web-based learning
environment e-ECLiP

A lot of research effort is devoted to the improvement of the educational setting con-
cerning teaching and learning in introductory programming courses. Innovative teach-
ing approaches are proposed and evaluated in real-classroom environments. Each one
of them exploits characteristics from contemporary theories of learning such as col-
laborative learning (e.g. the approach of “pair-programming” [22]), exploratory learn-
ing (e.g. the “Black-Box” method [12], the “Explorations” [17]), etc. and focuses on
the achievement of learning goals of a specific level (e.g. the “Black-Box” method
focuses on the initial assimilation of basic programming concepts).

Towards the direction of defining and proposing an integrated framework for the
design of learning activities in introductory programming which may cover both the
comprehension and the application level of the learning goals, engage students ac-
tively in the learning process and promote learning through exploration and collabora-
tion, the ECLiP didactical framework has been designed. ECLiP proposes a three-step
process for the design of an integrated set of learning activities [10]:

. Acquiring knowledge: Learning is more effective if students participate in
learning activities that are perceived to be meaningful and the new knowledge is
constructed when students require the acquisition of the knowledge [7], [18], [20].



Therefore, it is important to set up conditions that (i) are likeable/meaningful to
students, and/or (ii) are related to a goal that is challenging, and/or (iii) give stu-
dents the opportunity to express their beliefs/opinions, and/or (iv) elicit their prior
knowledge and reveal any misconceptions. In introductory programming courses,
it is essential to engage students in learning activities concerning simple authentic
problems that are close to their experience and show the usefulness of the pro-
gramming process beyond the specific course (e.g. instead of asking students to
solve numeric problems, the engagement in problems that make them to think of
“mapping” an “every-day” process to a “programming” process, may stimulate
them to become curious and seek for new knowledge).

i Constructing knowledge through Exploration+Collaboration: Knowledge
construction is supported through observation, exploration and communication
with others [7], [20]. The learning activities should guide students towards the ac-
tivation and revision of their existing mental model [3]. Students’ engagement in
guided learning activities and the provision of help through suitably designed
questions and additional scaffolding tasks, enable them to understand the func-
tional characteristics of the programming constructs and revise appropriately their
mental model in case of preconceived misconceptions. Moreover, students’ in-
volvement in collaborative activities enhances learning since they have the chance
to externalize/negotiate on their thoughts/ideas, to argue on their actions or on
their points of view and to articulate their reasoning.

i Applying-Refining knowledge: The processes of reflection and application
support knowledge refinement and contribute to its retention, future retrieval and
use [7], [20]. Reflection in programming may be achieved (i) by asking students
to check their thinking, and/or reason their decisions, and/or (ii) by engaging stu-
dents in collaborative activities in which they examine and discuss their ideas with
others and/or evaluate their peers’ statements/solutions. The learning activities
concerning the application of knowledge, may ask students to (i) develop/modify
a simple program, and/or (ii) check the correctness of a program and modify it ac-
cording to the problem definition, and/or (iii) act as evaluators of their peers’
work.

The collaboration may take place at different stages of the learning activity, de-
pending on the learning goal/outcomes and the underlying content. The collaboration
may have the form of groups where students act (i) equivalently by discussing and
exchanging ideas or (ii) according to specific roles, such as the roles of “Driver” and
“Observer” in case of “pair-programming” [22].

ECLiP was modeled and implemented in the context of the SCALE environment
(Supporting Collaboration and Adaptation in a Learning Environment) (available at
http://hermes.di.uoa.gr:8080/scale) that we developed. SCALE aims to integrate
learning and assessment by offering capabilities for individualized and collaborative
learning as well as assessment [11]. Figure 1 presents the main screen of the e-ECLiP
environment. The four activities focus on the “while” loop and have been designed
following the principles of the ECLIP framework: (i) the 1* one “Designing the solu-
tion ...” corresponds to the first step of the framework and asks students to collabo-
rate in pairs and play the role of program designers in order to design the solution of a
given problem, (ii) the 2" and the 3™ activity correspond to the second step and aim to
encourage the active involvement of students in the learning process and to enable



them to explore, on their own, the functional characteristics of the “while” loop and
understand the role of the “update” statement; the two activities are alternative and
have been designed following different exploratory approaches (i.e. Black-Box and
Explorations), and (iii) the 4™ activity corresponds to the third step and aims to enable
students in applying effectively the “while” loop without creating infinite loops.

The ECLiP framework and the e-ECLiP environment were evaluated in the context
of three complementary studies. The results showed that the activities designed fol-
lowing ECLiP have positive influence in learning outcomes. The comparison of the
ECLIP approach to the traditional teaching approach in classroom and to the use of a
programming environment in laboratory showed that the ECLiP approach has better
results in students’ performance both at the comprehension and application level. As
far as the teacher’s opinion is concerned, the activities motivate students, make them
to be more active and have better performance but the whole approach is character-
ized as effortful and time-consuming. The students had positive attitude and ex-
pressed their willingness to use the e-ECLiP environment in the context of various
concepts.

e-ECLP
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Fig. 1. A screen shot of the e-ECLiP environment

3 The ACT tool

In collaborative learning settings, especially in computer-supported environments,
there is no guarantee that the expected interactions that foster learning conditions will
occur. Students do not necessarily have the desired productive collabor-
ation/communication skills (e.g. provide explanations, ask questions) [13], [15], [19]
and have difficulties to develop metacognition on their own actions or to self-estimate
the appropriateness of their participation. Students need guidance and support to col-
laborate effectively and achieve the learning goals successfully. Collaboration can be
influenced anticipatively by structuring the collaborative process, aiming to favour the



emergence of productive interactions, or retroactively by regulating interactions [5].
These two approaches are complementary. Structuring collaboration aims at creating
the appropriate conditions before the interaction begins whereas regulating aims at
supporting the collaboration/communication during students’ interaction [13]. In the
context of text-based synchronous communication, the structuring of the collaborative
process is achieved following the structured dialogue [5] which is implemented
through the so-called sentence openers (e.g. ‘I disagree because...’, ‘I mean ...°,
‘OK’). Apart from the sentence openers, which are widely used in synchronous com-
munication tools, asynchronous communication tools mainly use communicative acts
in order to support the communication between students in a structured manner;
communicative acts allow students to make explicit the underlying goal of their con-
tribution to the dialogue by just selecting an indicative label such as Proposal,
Agreement. The available synchronous communication tools support only the struc-
tured dialogue form through sentence openers and provide a fixed set of sentence
openers. As far as the regulation approaches are concerned, current research efforts
focus on the design and implementation of interaction analysis (IA) indicators that
mainly concern the social dimension of the collaboration and the provided feedback is
given at one level i.e. awareness or metacognitive or guiding level [6]. ACT extends
this line of research by proposing and supporting the following features:
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Fig. 2. A screen shot of the ACT tool

Send to :

Implementation of the dialogue through alternative means: ACT supports both the
free and the structured form of dialogue; the structured dialogue is implemented either
through sentence openers or communicative acts (the term Scaffolding Sentence
Templates (SST) is used for reference both to sentence openers and communicative
acts). Each SST belongs to a specific discourse category (e.g. Proposal, Opinion,
Question, Reason, Clarification, Inference, Motivation, Social Comments) or to a
combination of the abovementioned discourse categories (e.g. Proposal and Reason).



Figure 2 depicts the main screen of the ACT tool; the group (consisting of the users
“par” and “nef”) communicates through sentence openers. The Message Composition
Area enables students to access the provided list of sentence openers (or communica-
tive acts) and construct their message by filling in the required arguments depending
on the sentence opener (or communicative act) template; the argument may be a text
field or a reference message.

Adapting the communication with respect to the collaborative learning setting:
Towards the direction of examining the open research question of whether communi-
cation means can be tailored to the topic of conversation [15] and supporting the most
appropriate communication means with respect to the underlying learning setting
[19], the ACT tool adopts the concept of adaptation and attempts to realize it in the
context of synchronous communication tools. Taking into account that the learning
task addresses specific learning outcomes that require the use of different skills [14],
adaptation is considered in terms of providing the appropriate communication means
to develop the desired skills with respect to the learning activity. Moreover, the adap-
tation attempts to guide students when the collaboration model followed in the con-
text of the activity implies specific roles to be undertaken by the group members. To
this end, the adaptation is realized at two levels (i) at the level of proposing the form
of dialogue and the SST type that are considered more appropriate with respect to the
underlying learning setting, and (ii) at the level of providing the most suitable set of
SST in case of structured dialogue. In summary [9], when the learning activity ad-
dresses learning outcomes of a specific level or implies specific roles to the group
members, then the structured form of dialogue is proposed in order to foster interac-
tion in the desired directions and support the provision of feedback/guidance through
the implemented regulation mechanism. In the context of learning activities that ask
students to discuss/exchange ideas on a specific topic, the free form is considered
more suitable. Regarding the type of SST, we propose the sentence openers for the
Comprehension, Application and Checking-Criticizing levels of cognitive skills as
they are more concrete and can be identified and assessed more easily. In the case of
the Creation level and when the model of collaboration implies different roles, the
communicative acts are considered more appropriate, since for higher order cognitive
skills, it suffices to guide/assess students in terms of their intention/action. The set of
sentence openers/communicative acts is adapted appropriately with respect to the ex-
pected learning outcomes and the collaboration model followed. More specifically, in
case the structured dialogue is selected, all group members have at their disposal the
same set of SST if they collaborate having the same duties. For example, in case the
activity addresses learning outcomes of the Comprehension level, then all members
may use sentence openers like “I propose”, “I agree” while in case the activity ad-
dresses learning outcomes of the Checking-Criticizing level, then all members have at
their disposal sentence openers like “I propose ... because ...”, “I agree ... because
...” urging them to justify their point of view. In case a model of collaboration with
roles is followed, the provided SST are different for the group members fulfilling the
corresponding roles appropriately. For example, in the case of the “Driver-Observer”
model, the “driver” uses communicative acts like “Proposal”, “Clarification-
Explanation”, “Justification” and the “observer” communicative acts like “Question”,
“Opinion”.



Personalizing the Communication: In the context of personalizing the communica-
tion, ACT enables students to negotiate on the form of dialogue and the SST type they
prefer to use [9]. Students can discuss during the login phase and decide in common
on the means they prefer to use for their communication. During their communica-
tion, students have the possibility to define their own SST in case the available ones
do not cover their needs. The students’ defined SST are part of their student model
and become available each time they use the ACT tool.

Framework for self-regulation: ACT proposes a framework for the diagnosis and
evaluation of the collaborative behavior of students both at the cognitive and social
level [8]. More specifically, a set of indicators have been designed and developed,
taking into account the expected learning outcomes and the model of collaboration
followed in the context of the activity. The supported indicators are:

@) the Participation Analysis Indicator: provides statistical information at
student and group level concerning the discourse categories of the scaffolding
sentence templates that the student/group has used,

(i1) the Cognitive Skills Indicator: gives an estimation of student’s behavior
with respect to the expected learning outcomes of the activity and the role that
s/he has undertaken,

(iii) the Initiating of the Discussion Indicator: concerns students’ attitude in in-
itiating/stimulating the discussion by making proposals or expressing an opin-
ion,

@iv) the Advancing of the Discussion Indicator: reflects students’ behavior in
advancing the discussion taking into account factors such as the degree of stu-
dents’ response to their interlocutor’ s messages and the degree of elaborating
on their personal opinions/statements, and

W) the Promotion of the Discussion Indicator: shows students’ collaboration
behavior in participating in a creative discussion.

The feedback is provided at awareness, metacognitive and guiding level in textual
and graphical form in order to cover the diverse students’ needs, abilities and prefer-
ences. The aim of the provided feedback is to inform students about their behaviour
and to guide them appropriately by explaining how the system has reached the spe-
cific estimation and by providing clues in improving their behavior. More specifi-
cally, at awareness level, the Participation Analysis Indicator is presented in graphical
form. At metacognitive level, the Cognitive Skills Indicator at student level, the Initi-
ating of the Discussion Indicator, the Advancing of the Discussion Indicator, the Ad-
vancing of the Discussion Indicator and the Promotion of the Discussion Indicator are
presented in textual form aiming to inform student about his behavior, to explain the
system estimation and to give hints for improvement. Also, at metacogntive level the
Cognitive Skills Indicator at group level is presented enabling student to compare
his/her behavior to his/her interlocutor’s behavior. A graphical form of the dialogue
tree, where the messages are presented according to their reference message, is used
for annotating those messages that each student had to answer but didn’t answer. Fi-
nally, at guiding level, the Personal Guide, gives guidelines both for the student under
consideration and for his/her interlocutors. The expert has the possibility to configure
the diagnosis process with respect to the learning activity under consideration (e.g.
s/he can define the weights of the discourse categories, the weights of the indicators,
the feedback messages).



Evaluation of ACT. In the framework of the formative evaluation of ACT, five
complementary studies were conducted at the Department of Informatics and Tele-
communication of the University of Athens in order to investigate issues concerning
the adaptation, the personalization and the self-regulation frameworks. The results
revealed from the analysis of the log files where students’ actions are recorded, the
students’ dialogues, the student models and the questionnaires that students answered.
In particular, the results showed that the proposed dialogue form, SST type and the
provided set of SST cover students’ communication needs. However, their preference
of the SST type is inclined to the communicative acts as they state that this type en-
ables them to start their phrase as they wish and just make a selection in order to char-
acterize their message. The capability of personalizing the communication satisfied
students and they considered useful both the capability of selecting the desired com-
munication means as well as the capability of enriching the provided SST set. Also,
students used both sentence openers and communicative acts adequately conveying in
their written message the underlying intention of the SST used. Comparing the use of
sentence openers versus communicative acts, it seems that the underlying type of SST
does not influence the coherence of the dialogue. In both cases, the students tried to
keep on task and elaborate on their interlocutor’s messages. On the contrary, the use
of the free form of dialogue seems to influence negatively the coherence and the
readability of the resulted dialogues. As far as the framework for self-regulation is
concerned, students seem to take into account the provided feedback and try to follow
the guidance given in order to improve their behavior. Their answers to specific ques-
tions as well as the analysis of the log files and dialogues indicate two attitude pat-
terns as far as the provided feedback is concerned: one category of students prefer the
feedback given in graphical form whilst the second category prefer the textual form of
feedback where analytical information and specific guidelines are given.

4 Conclusions

The research presented contributes to the fields of didactics of informatics, and espe-
cially of didactics of programming as well as of computer-supported collaborative
learning. The main contribution of the work lies in the provision of a framework and
in the development of a learning environment that support the construction of know-
ledge in programming concepts and in the support and promotion of students’ syn-
chronous collaboration/communication.

The ECLiP framework and the corresponding e-ECLiP environment establish a
learning setting that support teaching and learning in introductory programming
courses by engaging students actively in exploratory and collaborative learning activi-
ties which may cover both the comprehension and the application level of the learning
goals. ECLiP proposes a three-step process for the design of an integrated set of
learning activities: Acquiring Knowledge, Constructing Knowledge through Explor-
ation+Collaboration and Applying-Refining Knowledge.

The ACT tool promotes the cultivation of cognitive and communication skills and
guides students appropriately during their collaboration/communication in terms of (i)



adapting the communication with respect to the collaborative learning setting: ACT
supports both the free and the structured form of dialogue; the structured dialogue is
implemented either through sentence openers or communicative acts. Depending on
the learning outcomes, addressed by the collaborative learning activity, and the model
of collaboration followed by the group members, the tool proposes the most suitable
form of dialogue and type of scaffolding sentence templates (i.e. sentence openers or
communicative acts) and provides the most meaningful and complete set of scaffold-
ing sentence templates adapted with respect to the collaborative learning setting, (ii)
enabling students to personalize the communication by selecting the form of dialogue
and the type of scaffolding sentence templates that they prefer to use and enrich the
provided set of sentence openers or communicative acts with their own ones in order
to cover their communication needs, and (iii) providing a framework for self-
regulation: ACT proposes a framework for the diagnosis and evaluation of the col-
laborative behavior of students both at the cognitive and social level and provides
feedback at awareness, metacognitive and guiding level.

The studies conducted, revealed encouraging and positive results for both envi-
ronments in serving their underlying objectives and in supporting the learning pro-
cess. Both environments could be enhanced with adaptive capabilities taking into ac-
count the interaction behaviour of students and their preferences and could be used
within the daily educational practice.
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