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Abstract. The present dissertation examines the didactization of cases,
specifically through digital learning environmerithe review of existing digi-
tal case-based learning environments indicatech¢leel for the development of
an environment that enables the creation of legradtivities of different types
based on one or more than one cases. Towardsihishe design of the learn-
ing environment CASTLE (CASes for Teaching and Irhiag) is proposed. In-
novative characteristics of CASTLE concern: theidsion of cases and activi-
ties that are handled as different entities, theege design that can be speci-
fied for teaching different subject matters and slpport of interaction be-
tween users. A prototype of CASTLE for teachinggPanming has been cre-
ated and is described, along with a proposed teenplaProgramming cases
which is supported by experimental evidence. Hmathe evaluation of
CASTLE prototype and an investigation for the sfeaion of CASTLE in
Didactics are presented.

Keywords. Cases, Problems, Learning Activities, Educaticgw@narios, Di-
dactics of Programming

1 Introduction

One of the most salient goals of modern educasothé development of problem
solving skills [1-2]. Cases which are context-rjmloblem descriptions are essential
ingredients of learning environments aiming at éingbstudents to deal with prob-
lems. Context information included in cases hetpslents understand the meaning-
fulness of dealing with the problems and thereforeeases their motivation for en-
gagement in the problem solving process [3-4].

In bibliography there is neither a unique defimitifor the term case nor a consen-
sus for case content or structure [5-7]. This is tiuthe fact that cases are being used
in a great variety of learning activities, someadifich demand only the problem de-
scription and others necessitate that this degmnifte accompanied by one or more
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solutions [8]. Jonassen [9] characterizes casébudlsling blocks of problem-based
learning environments” and summarizes seven diffeveays of case utilization in
teaching: 1) cases as problems to solve, 2) casewrked examples, 3) case studies,
4) cases as analogues [10], 5) cases as prioriespes [11-13], 6) cases as multiple
perspectives [7], 7) cases as simulations. Theeafentioned applications of cases
differ in terms of: a) the structuredness of thebfems (well structured or ill struc-
tured) [1], b) the number of different cases thatlzeing involved (one or more than
one case) and c) how the case is being used ian agample to be studied or as a
problem to be solved. Within the wide range ofatiéint learning activities that can be
designed based on cases there have been incluiieétdescadequate for both novices
and experts on a subject matter. Moreover, the Baoig that case authoring is a
rather demanding task, the need to maximize caleation through the creation of
more than one learning activities based on oneisssmphasized.

In the last decades a large number of digital tased learning environments have
been developed, covering a variety of learningesthjnatters. The extended review
performed, and analytically described in the disd¢iem, focused on the structure and
content of cases as well as on the types of deivitased on the cases in the exam-
ined learning environments.

Considerable differences have been noticed inghgth of the cases included in
the reviewed environments. Cases in the form af/gtcoblems in learning environ-
ments for Mathematics [14] or Physics [15] are eathort (a couple of paragraphs),
while cases describing design problems in Architexf16] or Computer Engineering
[17,18] are quite long (multiple pages, collectiafsfiles connected by analytical
narratives of the problem situation and the satupioocess). Moreover, besides the
problem description, a case may contain or nodeeription of its solution process
given by an expert.

As far as the case-based learning activities aneetoed, each learning environ-
ment usually contains one single type of activiilyparticular, there are environments
where students are asked to solve the case proffi&@hsothers where students can
study cases already solved by experts [16] andothieere students have to partici-
pate in group discussions based on one case [a0§nother group of environments
students working on a case are engaged in a seseéractivities, which is always
the same for all cases included in the environrftit Finally, only a small number
of environments support activities asking for congams between cases [22].

Furthermore, few learning environments allow cagharing [23]. In the majority
of the environments the case collection is crebtetheir developers and no author-
ing functionalities are available for the final ts€instructors or learners). Finally,
none of the reviewed case-based environments haoiel software functionalities
that would allow the exchange of comments on thmiag material between users.

To sum up, the review of existing case-based dilgiganing environments has in-
dicated that the creation of distinct learning\atitis based on one case remains an
open research issue. The development of such migaenvironment is of critical
importance as there are case-based activities atéefpr both novices and advanced
learners in a subject matter. Moreover, case amifpds an exacting task. Thus, a
learning environment that supports case authorindy Gase reuse in distinct case-



based activities may consist a powerful tool far thstructor by enabling him/her to
create learning activities adapted to the educatioeeds of his/her students.

Towards this end the present dissertation propsedesign of the learning envi-
ronment CASTLE (CASes for Teaching and LEarning)iclv aims to support teach-
ing and learning through cases. The design of CASiElgeneric and can be adapted
to the specific needs of a learning subject makbeyugh the specification of the de-
sign of cases and case-based learning activitiethd dissertation experimental evi-
dence is presented concerning: the developmenpuoftatype of CASTLE for teach-
ing Programming, the evaluation of this prototygenbvice and expert Programming
teachers who used the environment as authors,raim/@stigation for the specifica-
tion of CASTLE in Didactics.

2 The design principles of CASTLE

The main requirement for the design of CASTLE wasstipport the authoring of
cases as well as the authoring and elaboratioiiffefeht types of learning activities
based on cases. Within the different types of sy the same case may play a role
ranging from being an already solved problem offdarebe studied as an example, to
being presented as a novel problem to be solvdter@gpes of activities may involve
two or more cases. Such an activity asks student®impare the solutions of two
isomorphic case problems (different story, sameqatare)[24] in order to identify
structural similarities, or to study a solved casé engage in solving an isomorphic
one. This fundamental requirement is being met ASTLE by handling cases and
case-based learning activities as distinct entitteish are interrelated between them.

Three different user roles are being supported ASTLE: teacher, learner and
administrator. In CASTLE a teacher can: author £as®l case-based activities; or-
ganize learning activities in collections; creatguences of learning activities in or-
der to form educational scenarios; assign theseasics to learners and follow their
elaboration. Learners engage in the elaboratioedaotational scenarios individually
or in groups. Learners are also allowed to authees themselves. Administrators in
CASTLE are responsible for the management of useoumts, subject matters and
learning material in the form of cases, activiaesl scenarios.

Additionally, CASTLE supports the interaction beamethe groups of teachers and
learners thus supporting the formation of commasitin other words, CASTLE has
social software functionalities [25]. For exampdecase author, after publicizing a
case in CASTLE, can receive both verbal commentthercase and an arithmetical
grade from 1 to 5 by other users, teachers anddesr The received comments and
feedback can facilitate the optimization of therihdrag material as authors have the
possibility to commit improvements. Every casewmed by its author in the sense
that only its author can make changes on a caseraatke an updated version of it.
However, no ownership is required on a case inrormereate a learning activity
based on it. This means that there are interachietvgeen users during the creation of
the learning material.



Furthermore, data from user interaction is coliédie CASTLE while students
elaborate educational scenarios. This data is asedn input to the open learner
model [26, 27] of CASTLE and enables the provisibpersonalized feedback to the
learners.

The generic design of CASTLE presented here negtisef specification in order
to meet the special demands of each learning sulbjatter. This procedure takes
place through the selection of case content andtstie as well as the types of case-
based learning activities adequate for a givenestibpatter. In the following para-
graph the specification process leading to theopype of CASTLE for Programming
teaching and learning is described.

3  Specification process of CASTLE in Programming

3.1 Specification of case structure

In order to specify the case structure for the etthjnatter of Programming, a review
of the relevant literature was conducted [28]. Tdifferent Programmingase study
structures have been found in bibliography: Stmecuproposed by Linn and Clancy
[29] and Structure B proposed by Spooner and S&bolf80] (see Table 1). These
structures have both similarities and differencéenvcompared. For example, both
structures propose that a case should containrtitepn descriptionRrogramming
problem statement in Structure AMotivation, Background in Structure B), an expla-
nation for the problem solutiorSglution process description in Structure A Algo-
rithm development and New Programming concepts in Structure B), the code of the
program produced to solve the proble@ode listing in Structure A,Solution pro-
gram in Structure B) and questions on the solutiftudy & Test questions in Struc-
ture A,Discussion & Further study in Structure B).

Table 1. Programming Case study structures

Structure A Structure B
Programming Problem statement Motivation

Solution process description Background

Code listing Algorithm development

New Programming concepts
Solution program

Study questions Discussion
Test questions Further study

In CASTLE, Cases and case-basekttivities are considered different entities and are
handled independently. In ti&ase study structures described above, there are parts
that correspond to th@ase entity of CASTLE and parts that correspond toAbtvi-



ties (e.gSudy & Test questions in Structure A andiscussion & Further study in
Structure B). The comparison between the two airestshows that differences re-
side in theCase part of theCase studies and, more specifically, in the parts referring
to the explanation of the problem solution. In jgaitar, Structure A proposes an ex-
planation of the critical decisions reached by gpeet programmer while writing the
solution program. On the contrary, Structure B ssggja gradual introduction of the
solution, starting with the description of the aiton development and proceeding
with the new programming concepts required in ttogam code.

In order to select the structure of Cases in th&TA prototype for Programming
teaching, the two structures have been comparedbirmpirical studies.

First empirical study.
The first empirical study aimed to compare the stvactures in terms of their effi-
ciency and their acceptance by the learners.

In particular, the research questions were:

— does the structure of a programming case affecaHildy of learners to develop
programs for resolving similar problems?

— does the structure of a programming case affedinteerequired to study it?

— what are the opinions of the learners about thectstre and the usefulness of
cases?

Participants.

102 first-year students participated in the stullyey had enrolled to the course
“Introduction to Informatics and Telecommunicatidreg the Department of Infor-
matics and Telecommunications of the National aagdlistrian University of Ath-
ens. The students formed two groups of 51 memizets &roup 1 and Group 2.

Procedure.
The empirical study consisted of the following pss

— Phase APre-test (30 min): the students of both groups worked @iagramming
problem and were asked to develop a program irr dodeplve it.

— Phase BCase study (60 min): the students of Group 1 worked on a Gasdy
structured according to Structure A and the stuislehGroup 2 worked on a Case
study structured according to Structure B. The gasblem for both groups was
the same.

— Phase CPogt-test (30 min): the students of both groups worked omablpm iso-
morphic to the problem of the pre-test phase. Aghiase A, their task was to de-
velop a program.

— Phase DFilling the questionnaire (15 min). All students were asked to fill in a
questionnaire on their opinions on the Case stadigaed to them in phase B.

Students were also asked to write down in thejpaese sheet the actual time they
had spent on the completion of phases A, B and C.



Results.

The programs developed by the students duringriz¢est and post-test phases have
been evaluated independently according to critetaby two experienced Program-
ming teachers who assigned a five-point scale gi@&de for each criterion. The total
grade of each program has been calculated as the wadue of the distinct criteria
grades. Disagreements between evaluators wereedsbirough discussion.

Pre-test performance between the two groups has ¢tmmpared using an inde-
pendent samples t-test. No significant differenees iound in the t-test performed
(t(100)= 0,107, p=0,915) (mean pre-test scores (@reR, 5620, Group2=2,5375).

Subsequently, repeated General Linear Model (GLMasuares analysis of vari-
ance on students’ performances in pre- and pastvieth Case (pre-test vs. post-test)
as the within-subjects factor, and Case struc@reypl vs. Group2) as the between-
subjects factor has been conducted. The corresppmaliltivariate tests revealed that
the Case factor contributes to the improvemenheffost—test performance of both
groups’. The “Case x Case structure” interacti@idgd no significant effects (mean
post-test scores Groupl=2,995, Group2=2,743). rébdts of the repeated measures
analysis are presentedTiable 2.

Table 2. Multivariate tests for time factor and for thedrdction Case x Case structure

Factor F(1) p
Case 11.68 0.001
Case x Case structure 1.48 0.226

As can be seen in Table 2, no evidence was foupposting the assumption that
Case structure may affect the ability of studeotslévelop programs that resolve
similar (to the case) problems.

Data concerning the other two research questioesals® been analyzed. In spe-
cific, this data concerned: a) the time studen&nsptudying the Case in Phase B, b)
the students’ opinions on the structure and usefdrof Case. The data analysis
showed that: a) there was a significant differemcehe time students of the two
groups spent studying the Case, with studentseofattoup 1 spending less time than
those of Group 2, b) there was a significant déffere of opinions of students of the
two groups about the redundancy of the informationtained in the Cases, with
students of the Group 2 claiming more often thatesparts of the Case they worked
on should be omitted.

Second empirical study

The second empirical study focused on the caseanghprocess aiming at the inves-
tigation of the difficulties pre-service Computaiéce teachers face while acting as
case authors. In this framework, the proposed s@eetures (Structure A and Struc-
ture B) have also been compared. Significant diffees have been noticed in the
frequency pre-service teachers select Structurend\ Structure B templates, with
Structure A being preferred by the majority of awth Moreover, significantly less



problems in the case structure have been obseovedses structured according to
Structure A than those structured according tocire B.

Case template in CASTLE Programming prototype.

Evidence from both empirical studies described alitas been considered in order to
design the Case template for CASTLE Programming¢gpprpe. Namely, the selected
template followed the Structure A outline contagithe partsProblem where the
case problem is describefplution where the solution program code is listed and
Explanation where the most important decisions in the devetpnof the solution
program are commented.

3.2  Specification of case-based activities

Next, the specification of CASTLE Programming ptgpe proceeded with the selec-
tion of the case-based activities types. |deaghertypes of activities were found in
the Didactics of Programming bibliography, incluglithe Programming case studies
structure proposals described above as well atabigarning environments special-
ized in Programming instruction.

Some of the selected types of activities engageées to respond to questions af-
ter studying an entire case and others demonsirdgesome of the case parts and
require the completion of the case by the learrfévs.example, irperturbation ac-
tivities, the entire case template (including tleetproblem, solution andexplana-
tion) is presented to learners. Learners have to shalproposed solution and expla-
nation thoroughly and solve a new problem themselVle new problem is created
by the alteration of the case problem conditions.ti® contrary, irexplanation ac-
tivities only theproblem and solution parts of the case are being presented to the
learners who have to complete the explanation tharhselves. In another set of ac-
tivities, two or more cases are involved. For eximm comparison activities stu-
dents have to study two entire cases and find &fitids and differences in their solu-
tions.

3.3 CASTLE Programming prototype outline

CASTLE layout.

The main screen of CASTLE is divided into threeaar¢he concept tree (Figure 1,
A), the information frame (Figure 1, B) and theg@etation tabs (Figure 1, C). Cases
appear as leaves in the concept tree, appendediimeoncept they refer to. Once a
user clicks on the name of a given case, the gafgéds into a new presentation tab.
Simultaneously, a list of all activities based btistcase appears in the information
frame. A user may select an activity from theilisorder to view it in a new presenta-
tion tab.



Case management.

Case authoring in CASTLE is a two-step activitythe first step the author fills in
the case name, the problem description, the prolgenstraints (if any), the main
concept and (optionally) the group of cases coimgiisomorphic problems. In the
second step the problem solution (code listinggtiogr with the explanation of criti-
cal decisions are completed. This enables the sgoni of multiple solutions to a
given problem description. Every solution is diddato parts which are labeled ac-
cording to their function. Explanation is listeddse the solution, following the same
labels.
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Fig. 1CASTLE Snapshot where A. the concept tree, B.nf@rination frame & C. the
presentation tabs

Activity management.

CASTLE facilitates the case activity authoring Ippeopriately presenting and hiding
parts of a case according to the selected actigity. An activity author should com-
plete the following steps in order to create aivigt

1. Name the activity

2. Select the activity type out of the list of actied included in CASTLE

3. Select the case (or the cases) the activity iscbaise

4. Write the activity question

5. Provide information about: the estimated difficuiéyel (1 to 5) and the required
elaboration time (in minutes).

An activity author may base his/her activities ases previously authored by
him/herself, but also on cases authored by otlietise adequate case is not already
included in CASTLE, the author should first cretite case and then proceed with the
creation of the activity.



Comment exchange functionalities

CASTLE users may exchange comments on the caseadindies included in
CASTLE. This commenting mechanism provides authatis feedback on the learn-
ing material they have created thus enabling thiemake improvements. In specific,
a case author may receive both verbal comments andherical evaluation in a five-
point scale (1 to 5). Activities authors, in adalitito the verbal and numerical evalua-
tion, receive feedback concerning the estimatiootb&r users on the activity diffi-
culty level (1 to 5) and the required elaboratiomet

Other functionalities.

CASTLE supports the creation eflucational scenarios, which are sequences of
learning activities. In order to help teachers trdheir scenarios, CASTLE provides
them the opportunity to organize sets of activitiesollections. Moreover, a teacher
is able to monitor and support the elaborationagharios by his/her students who
work with CASTLE.

3.4 CASTLE Programming prototype evaluation

The prototype of CASTLE for Programming has beeaduand evaluated by a
group of 66 pre-service programming teachers agibap of 17 expert programming
teachers. Pre-service teachers were four-yearrgsidé the Department of Informat-
ics and Telecommunications of the National and ldiginan University of Athens
who had enrolled to the course “Introduction toomnfatics and Telecommunica-
tions”. Expert teachers were in-service teachertnfafrmatics with many years of
teaching experience in secondary education. Teadhed to work with CASTLE
prototype in order to create cases and case-baaenirig activities. Next, they were
asked to submit comments on cases and case-baseéhdpactivities authored by
their peers. At the same time, they had to filamevaluation questionnaire contain-
ing both Likert-scale and open-ended questions.aftadysis of the teachers’ answers
in the questionnaires revealed that both groupteathers had expressed positive
opinions on CASTLE. In specific, teachers agreet @ASTLE manages to handle
successfully cases and activities as distinct iestisupporting users adequately in
finding activities based on a given case. Moreotgachers of both groups found the
comment exchange functionalities of CASTLE reakgful, recognizing how impor-
tant it is not only to receive but also to subnuincnents themselves. Few significant
differences on the opinions of the two groups oflshts have been observed. For
example, pre-service teachers responded that CASS htore adequate for beginner
learners in Programming than it is for more advdriearners. Expert teachers do not
share this opinion as they consider CASTLE equadlgful for learners of all levels.
Suggestions for the next versions of CASTLE hawm ddeen collected from the
evaluation of the prototype. Evaluators indicateat help information should be up-
graded. Finally, interesting ideas for layout imgnments have been reported and will
be taken into consideration.



4 Specification process of CASTLE in Didactics

The specification of CASTLE in Didactics has alset investigated in the frame-
work of this dissertation. Many examples of caskzation in teacher education have
been reported in the last years. An empirical sivdy conducted to examine whether
the way a case is being studied (through an ohdiasning environment or in class)
affects the ability of teachers to design learractvities [31]. No significant differ-
ences have been reported. The examination of heerltased activities of Didactics
can be implemented through a digital learning emvintent provided evidence that
CASTLE design is adequate for this subject madenell.

5 Conclusions

The review of relevant bibliography indicated theed and usefulness of a learning
environment that enables the authoring of learmictiyities of different types based
on one case, as this remains an open issue irothain of digital case-based learning
environments. There is a large variety of learrasgvities that may be created on a
given case, including activities both for novicesldor advanced learners. Addition-
ally, case authoring is a demanding task. Theds fstcess the importance of case
reuse in different types of activities.

In the framework of the present dissertation thehigectural design of the web-
based case-based learning environment CASTLE (CABd®aching and LEarning)
is presented. CASTLE handles cases and case-beaednl activities as distinct
entities. An author may create his/her own cas@3ASTLE or find interesting cases
created by others and use them to create diffesgms learning activities. Some
types of learning activities in CASTLE may referté@m or more cases (e.g. compari-
son activities). Additionally, CASTLE enables theation and elaboration of educa-
tional scenarios that are formed as sequencesseflised learning activities. Fi-
nally, comment exchange on cases, learning aetvilind educational scenarios is
supported, enabling authors to constantly imprbedr tearning material.

The specification of the generic design of CASThEwo subject matters has been
also examined. Programming and Didactics have bekstted as representative sub-
ject matters that contain mainly well-structuredi alrstructured problems respec-
tively. The investigation showed that CASTLE mayspecified in both subject mat-
ters. In Programming, the investigation went furthed a prototype of CASTLE for
Programming teaching has been developed. The Pnogireg case template used in
CASTLE prototype has been selected after the exymtial comparison of two tem-
plates found in bibliography and is proposed. BnalASTLE prototype has been
evaluated by pre-service and expert teachers. @ailps of teachers expressed over-
all satisfaction with CASTLE, found that it succeed support users to find the learn-
ing activities based on a given case and recoghizémportance of receiving and
submitting comments on the learning material.
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