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Abstract: In this paper we present a case study with Tedidactical Extension for
Instruction/Learning Based on Computer model anéwatuation framework to overall the
assessment of the Quantitative Evaluation Frame@@B&) approach which has been applied in
an operational teaching environment for the last/sars.

During this period we have evaluated the differdne®gveen educational software systems that
were developed using the Techno-Didactical Extenfio Instruction/Learning Based on
Computer (X-TEC) model and educational softwaréesys using other models such as object
oriented analysis and design or even structuretysisand design methods.

In this research project we conduct experimenth gibups of students and teachers in Multimedia
Information Systems classes of Oporto Polytechniexamine the influence of training in an
instructional system design approach on theinattitto re-use this approach and on their
performances in design, using this approach

Introduction

The Techno-Didactical Extension for Instruction 8&®n Computer (X-TEC) model proposed by Paula
Escudeiro (Escudeiro Paula & Bidarra José 200§pésially designed to support the evaluation, withie entire e-
learning life-cycle.

Effective evaluation needs led us to include aiguitkmework in the X_TEC model which allows
tracking quantitatively the quality of the educatibsystem under development at any stage of thelaiment life
cycle.

Ultimately the function of evaluation is to supptite enhancement of quality and help managing.risks

There are many reasons to assess systems whigflacted in different types of evaluation schemes
(Oliver 2000): Formative evaluation: provides infation that allows revisions and improvements tonaele;
Summative (experimental) evaluation: is concernit judgment of courses” outcomes against a standiner
than improvement; llluminative evaluation: is ateahative form of summative evaluation and is coned with
identifying and exploring the factors in the suscefa course that are important to participamtiedrative
evaluation: joins together elements from summadive illuminative evaluation; evaluation for qualitgsurance
(additive evaluation): this can be used both faugimg conformance and for identifying good pragtic

In order to maximize the effectiveness of the eatiun in enhancing the quality of the e-learningtegns
we focus the development of the educational sofveara particular purpose of evaluation which &leation for
action (Harland 1996; Finch 1986). This type ofleation reflects an “engineering” approach to eatadn. Its
purpose is to provide information that is needethke particular decisions (Patton 1997).

The QEF (Quantitative Evaluation Framework) framedwevaluates the educational software quality,
developed with X-TEC based on the standard ofeefe ISO 9126 (Scalet et al, 2000). 1ISO 9126 is an
international standard for the evaluation of sofeva’he objective of this standard is to provideaaework for the
evaluation of software quality. This standard doetsprovide requirements for software, but it defira quality
model which is applicable to every kind of software

In this work we apply QEF to X-TEC model to evakigtte systems developed with X-TEC model.



Case Study Results

We selected the QEF approach for this evaluatidngblight the strengths and limitations of the KT
model. We adapted the approach in a way wheresthenéal criteria are assessed in a pre-evaluptiase which
will cover the general usage requirements. Theiregquents were chosen and validated by the teaormdier to
evaluate the educational software developed bgtidents in a class, Multimedia Information Systeimshe
Porto Polytechnic. Some of those requirementsZoes the student use the educational software utithaving to
read the manuals exhaustively? An on-line systest®to help the user to cross the difficulties® Educational
software is easily integrated with other educati@maironments? Has it a rigorous scenario desigithvincludes
titte, menus, video, sound, photos, metaphor, ¢alales? Is the information well structured andsidedequately
distinguish the objectives, context, results, mudilia resources..., Has it no orthographic errArehere no
tendentious or negative messages and no racialigion discrimination? Was the system developeith wi
originality? Does it allow activities to keep theriosity and the interest of the students for trematic of its
content, without provoking anxiety? Does it alloasg memorization, interpretation, syntheses and
experimentation?

At the beginning of the evaluation, we selectedattors, table 1, and evaluated these accorditigeto
use/not use of X-TEC model in the learning envirentto support the development of the educatioofvare and
the factors are: easy of use; versatility; audigaigjuality; technical and static elements; contiésrguiality;
navigation and interaction; originality and useadffanced technology; pedagogical aspects; didhctisaurces;
didactical resources; stimulates the initiative aalf learning; cognitive effort of the activities.

Id Factors
F1 Easy of use
F2 Versatility ®
F3 Audiovisual quality ®
F4 Technical elements - - Functionality
F5 Content quality - - ® 00
F6 Navigation and interaction ? ol c %Y @ e
F7 Novelty and use of advancec = - o ' M )
technology ® Adaptability ®
F8 Pedagogical aspects ® o0 o
F9 Didactical resources ® e
F10 Stimulates the initiative and | _
self learning -
F11 Cognitive facilitation in ®
Table 1 . Educational Software Factors Fig 1. Redahip between dimensions/factors/requirements

The dimensions were previously established: Funatity; Adaptability and Efficiency.

For each dimension we have a group of factors anddch factor we have a group of requirements
identified by the teacher to evaluate the educatisaftware developed by their students, as seég

The requirements were classified in factors acogytlh theirs characteristics and according withtétde
above ex. Factor 1 (F1): two requirements (R1RRY Factor 2: four requirements (R3, R4, R5 an8)REactor 5
(F5): five requirements (R8, R9, R10, R11, R12)...

Dimension Factors Requirements
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Does the student use the educational software utitho
having to read the manuals exhaustively?

An on-line system exists to help the user to cthes
difficulties?

Is the information well structured and does it adsgly
distinguish the objectives, context, results, mogilia
resources...

Are the contempt’s validated. Has it no orthographi
errors?

Does the alert message have been checked? Arenthere
tendentious or negative messages and no racialigion
discrimination?

Are the contents related with situations and proislef
student’s interest?

Do the examples, simulations and graphs existén th
system?

The educational software is easily integrated witrer
educational environments?

Does it allow the parameterization? (level, nunifarsers
on line, language...)

Does it includes an evaluation system, during the
development process?
Does it allow new techniques and learning effodiuion?

Does it allow activities to keep the curiosity ahd interest
of the students for the thematic of its contentheuirt
provoking anxiety?

Has it different activities types, concerning wiie
knowledge, that allow different forms of using gstem?

Does it have the students tutoring actions, guiding
activities, help when they need and reinforcements?

Does it allow students decisions concerning wightdsks
to carry through, to choose the study module ajdrgp
study subjects?

Does it allow easy memorization, interpretatiomtbgses
and experimentation?

Is there no excess of information?

Has it a rigorous scenario design which includis, ti
menus, video, sound, photos, metaphor, color rules?

Does the educational software have a good program
structure that allows to access efficiently to ¢batents
and activities?

Is the speed of communication between the prograin a
the user (animation, presentation of contents,imgaaf
data...) adequate?

Is the program execution efficient and have no atanal
errors?

Is the navigation system transparent, allowinguber to



control actions?

F7 Originality and use R17 @ Was the system developed with originality?
of advanced
technology

Table 2. Classification of Dimensions/Factors/Regmuients for the evaluation of educational software
developed by the students in their classes.

The graphic bellow shows the results of the edanatisoftware developed by the students clasdified
requirements/factors/dimensions according to tablehis evaluation matrix was used since 2000 206.
According to QEF approach, these values are medselaively to a hypothetical ideal system whasguirement
quality is presumed to be 100%.

. @ With structured analysis
Educational Software and design/0O support

% Measure Evaluation 2000 M With X-TEC suppo

100,00%

80,00%

60,00% -+

40,00% - i | it

20,00% -+ H H H I

0,00% T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23

Requirement ID

Graphic 1. Students Educational Software Evaluatic®000

The graphic 1 shows that, in the year 2000, thaestis development of educational software suppdryed
X-TEC model had better evaluation results for eacfuirement than when they were using structurediais and
design methodologies or object oriented methodebtp support the development. This graphic shewsrs
requirements with a % requirement fulfilment ab8@86 according to its initial specifications, anbithé others
requirements with a higher % of requirement fuléimh when they use the X-TEC model to their develepm

In the year 2001, the students developed the eidnehtoftware in the same way as in the year 2000.
They made the first educational software systerh sfituctured analysis conceptual model or objeented
analysis and design methodologies to support thieldpment.

The second educational software system developwassupported by X-TEC model. As in the year
before the evaluation results were much better wisémg this conceptual model. We notice the % megouénts
fulfillment has grown to 10 requirements near 80%.

In the years 2002, 2003, 2004, 2005 the studedtisational software development were already based
X-TEC model.

In order to get a measure of quality on educatisnéilvare systems, according QEF, we have to ffalfil
matrix which represents the requirements ideaksystable 3.

In this study the requirements identified by thecteer, in the Multimedia Information’s Systems slas
were applied on QEF to obtain the teacher’s idgstesn. As we can see in the matrix below all thipiiements, in
the ideal system, as been fulfilled with a weight®, that means all the requirements has a maxinaelerance for
the dimension they belong.
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Table 3: Matrix of educational software requirensefiudfilment in ideal system and real system

We are now analyzing the evaluation of educatisnétivare developed by the students, in the yea®200
without using the X-TEC model.

According to QEF the performance of a dimensioobiined through, the factors of each dimensiod, an
it is calculated by the following formula:

1
—— X
>opr, > (pr, xpc,)

Factorn=m m

We have now to calculate the contribution of thetdain the dimension. This contribution indicatiee
relevance of the factor to the dimension.

Dimension:Functionality

Drunetionairy = 1/20 * (10*68.3+10*42.5) + 1/50 * (10*59.17+108%10*55.83+10*42.92)

S— _
—

F1; F5

Deynctionairy = 55.4 + 69.2

Dimension:Adaptability

D pdaptaniiy=1/24*(10*42 5+10*52.5+10%49.17+10%45.4)+1/10 * (D) + 1/20 * (10%73.75+10%66.67) + 1/10 *
(10¥72.92) + 1/10 * (10*63.33)



N— -
—

DAdaptablMty = 3604+60+7021+7292+6333 F2; F8; F9; F10; F11

Dimension:Efficiency

Defigency 1/10 * (10#52.9) + 1/10%(10*67.5) + 1/40*(10*59.410*55+10%55.83+10*42.92) + 1/10%(10*54.28)

S— -
—

F3; F4, F6; F7

Defricieney = 52.92+67.5+53.23+54.58

The next step is to obtain the global deviationc{EElean distance between our system coordinateshendeal system, whose
coordinates are (1, 1, 1)). The global deviatioobtined by this formula:

DF = 55.4 [ + 69.2 *[JE

N

Indicates the relevance of the factor
DE = to the dimension Functionality

DA=36.0410F+60{f+70.21if¢+72.92 1 +63.33 1

N

Indicates the relevance of the factor to the dirmemAdaptability

DE:52.92%€1‘7.A5§+53.‘@+54.58@E
N

Indicates the relevance of the factor to the dinmemE&fficiency

D

DE=57.1
The system quality is computed by:

D =+ ((1-52.3/100) A2 + (160.5/100) A2 + (157.1/100) ~2)

D=0.69
Q=1-0.691 (3)
Q = 60%

We say that system quality, in the year 2000, 6@ which means that the system was able to perform
60% of its initial specifications.

Then we have to calculate the educational softwgseems (ESS) quality for the years 2000 (usingeX-T
model), 2001(not using/using X-TEC model), 20024gsK-TEC model), 2003(using X-TEC model) and 2004{(2
version of X-TEC model) using the same procesraing to the requirements specified in each ygahb
teacher. The graphic bellow shows the results.
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Graphic 2. Educational software quality since 2066l 2006

As we can observe the development of educatiorfalame systems using X-TEC model in the
Multimedia Information Systems class has increasgieely the quality of a given system.

According to these experimental results, the 2ndiga of X-TEC model reflects a higher performan€e
the specifications in the development of educatisnftware systems.

Conclusion

The design anévaluation of learning environment will soon becameessential tasks in the polytechnics
institutions. This will support the ongoing tramaits in higher education. In what is called “nearténg” there is a
new trend visible in which the focus is less fix@dknowledge transmission and more on teacherpastipf
learning process.

The design and construction of the learning taske based on conceptual models, such as X-TEC
model and QEF framework, specially designed to supdffective evaluation as a solid base for awnete
curriculum.

Our work related in this paper, leads us to belitnat using X-TEC to support the design and devalnmt
of learning systems improves the quality of thalffiproduct. The final product quality was evaluatgth QEF.
This quality evaluation framework seems reliabld ean be used to evaluate a system quality evolitaugh its
lifecycle.
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