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Decision aiding tool for university subjects. D.A.T.U.S.

Orfelio G. Ledn and Hilda Gambara
Universidad Auténoma de Madrid

In the first part we present atool (D.A.T.U.S) to help studentsto put in order the optional subjectsthey
wish to take when not all subjects can be chosen. Conflicting interests, such as affinity with tastes vs.
easiness to pass, or teacher vs. places available, as well as the number of alternatives, mean that the
task is complex and help isrequired. D.A.T.U.S. provides the student with a set of criteriafrom which
to choose those that best fit his or her case and a set of scales for evaluating the subjects. Taking into
account the importance the decision maker attributes to the chosen criteria, the tool will provide afi-
nal value that will put the subjectsin order. The second part of the study is devoted to assessing the va-
lidity (face, content and convergent) of D.A.T.U.S. With the participation of 98 final-year undergra-
duates, we obtained convergent validity values around .89. (Key words: Decision Aid, University
Counseling, Validity Decision Aid, Applied Decision Analysis).

Herramienta para la eleccion de asignaturas optativas universitarias. D.A.T.U.S. Presentamos, en la
primera parte, la construccion de una herramienta (D.A.T.U.S.) que sirve de ayuda a los estudiantes
cuando tienen que matricular sus asignaturas optativas. La existencia de intereses contrapuestos (atrac-
tivo vs. facilidad de aprobar, profesor vs plazas disponibles) asi como la cantidad de materias posibles,
justifican que la tarea es complgjay que la ayuda es pertinente. D.A.T.U.S. proporciona a estudiante
un conjunto de criterios para que escoja aquellos que prefiera, asi como escalas para vaorar las mate-
rias. Teniendo en cuenta la importancia que cada usuario concede a los criterios, la herramienta pro-
porciona una valoracion final que ordena las asignaturas. La segunda parte se dedica a evaluar lavali-
dez del instrumento (aparente, de contenido y convergente). Con la participacion de 98 estudiantes de
Gltimo afio, obtuvimos valores de validez convergente de arededor de .89. (Palabras clave: Ayudas a
ladecision, Asesoria universitaria, Validez de la ayuda a la decision, Andlisis de decision aplicado).

First issue

The decision context. The context that produces the need to de-
velop an aid to decision making is the choice of optional subjectsin
the university curriculum. Since the reform of undergraduate pro-
grams, students in Spanish universities have been allowed to choose
the subjects they study at certain points in their degree course, asis
the case in the mgjority of countries. The choice of subjectsis guid-
ed by the interests of the decision makers, which include the intrin-
sic appea of the subject, its applicability to the labor market, the
prestige of the teaching staff and, finaly, the level of difficulty for
passing the subject in question. These values may be mediated by is-
sues such as the availability of places on the course, timetabling or
exam date compatibility. Many students complain that the choice is
made difficult by conflicting factors: the teacher they like does not
teach at the times they are scheduled to attend class, some subjects
apped but are not their specialty, subjects that may be advantageous
in terms of the labor market are difficult to pass, and after all that
they only discover whether places are available when they ask for
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matriculation, so that they often have to quickly choose new sub-
jects. This situation has been observed over several years and in a
variety of ingtitutions. Students, directly or through their associa-
tions, have requested some type of counseling. One possible action
isto counsdl them so that they make their criteria explicit, put them
in order, obtain the necessary information on severa subjects and
make their choice at homein good time. From decision making field
we know that when atask is perceived as difficult, decision makers
choose simple strategies that conduct to poor decisions (Iglesias, de
la Fuente and Martin, 2000); also, difficulty can derive in an emo-
tional conflict (Regueiro and Ledn, 2003). On the other hand, we
know that it is possible to teach how to make decisions (Gambara
and Ledn, 2002). From de literature, we see that decision aidsin the
academic field have concentrated on choice of career, and their cri-
teria are not directly applicable to this context (Katz, 1980; Wooler
and Lewis, 1982). Another possible action isto provide them with a
tool that guides them in the decision process, that gives them clues,
that hel ps them make judgments and that integrates their opinionsin
afina vaue that permits them to put the subjects in order. Making
such an action possible congtitutes the central objective of thiswork;
the second objectiveisto provide evidence of the validity of thetool.

Second issue

The construction of the instrument (Objective 1). Our aim isto
develop atool to aid the ordering of optional university subjects
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prior to application. We have called thistool D.A.T.U.S.: Decision
Aiding Tool for University Subjects. The aid will comprise four
modules: a menu of criteria—«objectives», in the terminology of
decisions— for choosing subjects; a set of scales —«attributes»—
for judging the subjects; aweighting model for the objectives; and
an aggregation model for all the values.

The result will be a decision analysis with a pre-configured
structure, in which decision makers are provided with maximum
help for making their decision with maximum independence. The
usefulness of this approach has been pointed out by Keller and Ho
(1988) in areview of studies on the use of generic problem struc-
tures and the role of computer aids for the structuring of the prob-
lem. Also, hierarchies of objectives as decision aids has had prac-
tical applicationsin several fields as marketing and oil exploration
strategies (Dyer and Larsen, 1984).

The details of D.A.T.U.S. will be shown in the development of
the first two modules. The objectives and attributes should ade-
quately reflect the students’ interests. In order to comply with this
agroup of students from different degree courses will respond to a
guestionnaire (Keeney, 1992) in order to dlicit the values that guide
them in the choice of subjects. On the basis of this material we will
create a super-tree that include all the objectives, integrated in the
form of fundamental objectives as main branches and specific ob-
jectives as secondary branches. This tree will be created following
the specifications of Keeney (1992): a combined hierarchy of ob-
jectives should include dl the individual objectives, taking into ac-
count that those that are essentially similar should be aggregated.
An example of an aggregated structure could be found in the as-
sessment of the impact of mining activity on avirgin area (Grego-
ry and Keeney, 1994). The purpose of offering the objectives a-
ready made explicit is that decision makers, on seeing the set, use
those with which they identify, leaving out the rest. The reasons for
presenting the pre-configured structure is that eliciting the funda-
mental objectives and expanding the specific ones, are time-con-
suming activities that are difficult to carry out without help; if the
objectives are presented aready organized, the student will not
need to consult anyone. The process will be quick , and good mea-
surement conditions will be assured. Subjects should be assessed
according to level of fulfillment of the specific objectives. The de-
cision maker may opt for an intuitive evaluation on a scale (0-10)
or may use an ad hoc attribute provided in the tool, and which will
analyze details of the corresponding specific objective. Weighting
of the objectives will be carried out with a direct technique, that is,
asking the decision maker to compare the different importance of
each objective in relation to the essential objective of the decision.
The model of aggregation of values will be that most commonly
used in decision anadysis: the simple additive model (von Winter-
feldt and Edwards, 1986). This model aggregates in an additive
way subjects’ evaluations weighted according to the weights of the
objectives. The final value shall indicate an average for each sub-
ject, according to the level of achievement of the objectives made
explicit by the decision maker.

Third issue

The validity of the tool (Objective 2). The validity of
D.A.T.U.S. will be assessed in terms of the following aspects. First
aspect: face validity (Objective 2.1). Does D.A.T.U.S. provide the
ordering of agroup of subjects taking into account the interests of
the decison maker? In the decision maker’s opinion, does

D.A.T.U.S. fulfil the function of helping the decision? Second as-
pect: content validity (Objective 2.2). Does D.A.T.U.S. take into
account the tastes and interests of decision makers? Isall the rele-
vant data for making the decision contained? Are the fundamental
objectives shown by D.A.T.U.S. considered as such by the deci-
sion makers? Third aspect: convergent validity (Objective 2.3). Do
the values of the optional subjects provided by D.A.T.U.S. corre-
late with the students' reported satisfaction?

As convergent vaidity constitutes the main part of this section
we briefly discuss this issue. What do we know about the conver-
gent validity of decision aids? Studies of validity of the rating
process in decisions involving multiple objectives (Multiattribute
Utility Theory, MAUT) are reviewed in Fisher (1977) and von
Winterfeldt and Edwards (1986, pp. 362-369). On comparing
holistic judgments and judgements with MAUT —convergent va-
lidity— von Winterfeldt and Edwards' summary of the reviewed
works reports values of around .80. Subsequently, Morera and
Budescu (1998), in astudy of convergent validity, found, using the
SMARTS technique (Edwards, 1977), an average value of .624,
and using the AHP technique (Saaty, 1980), an average value of
448. However, these validity studies were carried out mainly in
laboratory contexts, in which, normally, all participants respond to
the same set of options presented by the researcher and all use the
same set of attributes. This uniformity is aimed at controlling ex-
traneous variables and increasing the internal validity of the re-
search, but it reduces its external validity. Moreover, we are aware
of how decision-makers change their behavior as a result of even
the smallest modifications in the task (Payne, Bettman and John-
son, 1993). Would we expect the same convergent validity values
when the elements of task are not the same for al subjects? (Ob-
jective 2.3).

In summary, the aim of this work is to address the following
objectives: Objective 1. Elaboration of D.A.T.U.S. (Study 1). Ob-
jective 2: Evaluation of the validity of D.A.T.U.S. Objective 2.1:
Face vaidity (Study 2). Objective 2.2: Content validity (Study
2).0Objective 2.3: Convergent validity (Study 2).

STUDY 1
Method

Participants

Sixty final-year undergraduates from different degree courses
who had to choose optional subjects in the psychology faculty. At
random, thirty collaborated on phase one and two, and the rest on
phase three. Mean age was approximately 23 years. Around 70%
were males. All participated voluntarily.

Materials

The questionnaire for eliciting objectives designed by Keeney
(1992), trandated into Spanish and adapted to this context.

Procedure

There were three phases: one, generation of the super-tree; two,
preparation of the attributes corresponding to the specific objec-
tives; and three, test of the degree of understanding of the instruc-
tions.
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Phase one: we proceeded to form the structure of objectives, on
the basis of the responses to the questionnaire. The final form was
(see Table 1): A first fundamental objective, decomposed in four
specific ones; asecond fundamental objective, decomposed in five
specific ones; and a third fundamental objective, decomposed in
two specific ones. The objectives were written in such a way that
they could be suitable for any subject and any degree course, and
could be used by decision makers themselves.

Phase two: taking the responses to the questionnaire, now our
task wasthe inverse of phase one: we needed that each specific ob-
jective was made operative in an attribute with a series of observ-
able and scalable facets, so that allowed us to evaluate how each
subject fulfilled that objective. Thisform of evaluation involves a
degree of effort and alevel of meticulousness that not all students
are prepared to invest, and we therefore decided to include and op-
tion that allowed a global and intuitive evaluation by means of a
scale (0-10) (In Spain all students are familiar with the 0-10 scale,
asit is used for academic grades.)

Phase three: it began with agroup of ten new participants. They
were given the super-tree and asked to apply it to three subjects
they knew well. They were told to ask about anything they did not
understand. All participants' questions were recorded. On the ba-
sis of their doubts and questions we made the necessary modifica-
tions, generating a second draft super-tree. With this new struc-
ture, a new group of ten students was requested to do the same as
the first group. Once again, we recorded problems or doubts and
proposals for modifying the way the objectives were written. In-
corporating these, we drew up the third version, which was tested
with a further ten participants. On this occasion only one question
was asked, and we therefore considered complete the process of
drawing up the instructions and objectives with their attributes.

Results

Below we reproduce the super-tree of objectives and attributes
of D.A.T.U.S.

A. Good training

A.l. Through programs whose content was: Novel with re-
spect to content of major subjects (not at all= 0) (medi-
um= 0.5) (very= 1); Applicable to world of work (not at
al= 0) (medium= 0.5) (very=1). Up-to-date: current ref-
erences (not at al=0) (medium= 0.5) (very=1).

A.2. Through adequate participation of students in the learn-
ing process. Regular work set by the teacher (no= 0)
(yes= 1); Students look for additional information to
share with colleagues (no= 0) (yes= 1).

A.3. Through maximum congruence of the subject with the re-
quired profile: Clearly congruent with the required pro-
file/s (no= 0) (some degree= 0.5) (yes = 1).

A4. By facilitating incorporation into world of work: Infor-
mation available from world of work demonstrating that
course content is necessary (no= 0) (yes= 1).

B. Learning in most satisfactory way possible
B.1. Good teacher: Knows material well (no= 0) (yes= 1);

Teaches with «feeling» (no= 0) (yes= 1); Makes effort to
be understood (no= 0) (yes= 1); Establishes relationships

between content and real world (no= 0) (yes= 1); Allows
discussion of his/her approach (no= 0) (yes= 1); Fulfils
formal obligations (no= 0) (yes= 1); Provides additional
information (no= 0) (yes= 1); Not merely teacher but im-
passioned expert (no= 0) (yes= 1).

B.2. Organization of teaching oriented to quality: Ideal number
of students for the subject (no= 0) (yes= 1); Adequate re-
sources. board, books, OHP, videos, dides, computer (no=
0) (yes= 1); Sufficient number of credits awarded (no= 0)
(yes= 1); Content different from other options (no=0) (yes=
1); Links made to other subjects (no= 0) (yes= 1); Required
level of previous knowledge made explicit (no=0) (yes= 1).

B.3. Useful practicals: Well planned (no= 0) (yes= 1); Learn
something (no= 0) (yes= 1); Time required reasonable
(no=0) (yes= 1); Assessed (no=0) (yes=1).

B.4. Fair assessment: Requirements in accordance with depth of
material taught (no=0) (yes= 1); Requirementsin accordance
with amount of material taught (no= 0) (yes= 1); Sufficient
time (no= 0) (yes= 1); Questions easy to understand (no= 0)
(yes= 1); Form of exam suited to materid (no=0) (yes= 1).

B.5. Something learned: Students that took the course gave
their opinion: (Waste of time= 0); (Intermediate position=
0.5); (Really learned something= 1).

C. Finish degree within reasonable period

C.lL Compatibility of option with other activities: Com-
patibility of timetable with other subjects (incompat-
ible= 0) (partial= 0.5) (total= 1); Compatibility of
timetable with activities outside university (incom-
patible= 0) (partial= 0.5) (total= 1).

Ccz2 Easy to pass: Low level of requirement (no= 0) (medi-
um= 0.5) (yes= 1); Materid intrindgcally easy (no= 0)
(medium= 1) (yes= 2); Requireslittletime (reading, prac-
ticas, obligatory attendance) (no= 0) (yes= 1); Exam not
programmed close to othersin time (no= 0) (yes= 1).

(The complete application of DATUS also included a weight-
ing of the objectives and aggregation of thevaluesin afinal score.)

STUDY 2
Method
Participants

One hundred final-year psychology students participated vol-
untarily in the study (two failed to complete the procedures). They
had studied at least five optional subjects. Their ages ranged from
21 to 24 years, and approximately 75% were women. Confiden-
tiality of the data was assured, and participants were offered the
possibility of discussing the resultsin private after the study.

Procedure

The design in this study was a correlational one. One measure
was the evaluation of the subjects with D.A.T.U.S. (D). The other
was a global evaluation of satisfaction (S) with the subjects. The
degree of covariation between the results of D and Swas measured.
D values were normalized to a 0-10 scale. Satisfaction (S) was
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measured on a subjective 0-10 scale. Measurements were recorded
of: (a) Direct convergent validity by means of the Pearson correla
tion between D and S, for each participant; (b) Choice agreement,
as defined in Buede and Maxwell (1995), by means of percentage
of agreements for the alternative placed first by D and by scale S,
for each participant; and (c) percentage of agreementsfor the alter-
native placed last by D and by the scale S, for each participant.
The 100 students were randomly assigned to two types of
weight elicitation technique: 49 to SMARTS and 49 to GRAPA
(Ledn, 1997). We used to types of techniques to avoid that scores
on validity were not confounded with the weighting procedure. In
turn, in order to control the possible effect of the order, each group
was divided at random into two subgroups to carry out the task in
the orders S-D and D-S. The D was obtained in the following way:

Phase 1. Generation of the structure. (a) All students were pro-
vided with the super-tree of objectives of D.A.T.U.S. They were
asked to select the objectives that fitted their interests and values,
and to cross out the rest.

Phase 2: Rating of the alternatives. (8) They were asked to ratefive
elective courses aready completed, and for which they had different
degrees of preference. This phase was carried out in a collective way,
though without permitting discussion among the participants; (b) They
were asked to rate the satisfaction they obtained from having studied
the subjects along the objectives sdlected by themselves on phase 1.

Phase 3: Elicitation of weights. (a) Participants were called one-
by-one on subsequent days in order to assign weights to the objec-
tives, in accordance with the technique to which they had been as-
signed (SMARTS or GRAPA). This stage was carried out according
to the instructions of an expert. Its duration was approximately 50
minutes for the SMARTS technique and 30 minutes for GRAPA.

Phase 4: Aggregation of values. With the weights obtained in
Phase 3 and the values of the alternatives from Phase 2, the results
of the D were obtained by means of the simple additive model, for
all participants.

Phase 5: Questionnaire on D.A.T.U.S. Once the results ob-
tained with D.A.T.U.S. were known, participants responded in
writing to three questions on the tool. The purpose of this was to
complete the data on validity.

Results

Face validity: «Appropriate for the purposes at hand», Cone and
Foster, (1993, p. 157). @) The D values obtained with D.A.T.U.S.
ordered all the optional subjectsfor all participants. b) To Question
1 of the final questionnaire, «Do you think this tool helps to clari-
fy preferences between the subjects?», 95/98 participants replied in
the affirmative. To Question 2, «Do you think thistoal is useful for
people who are ranking subjects prior to choosing which ones to
take?», 97/98 replied in the affirmative.

Content validity: «It containsthe type of material appropriateto
the variable being assessed», Cone and Foster, (1993, p. 157). a)
To Question 3, «<Do you think your criteria for differentiating be-
tween the subjects are reflected in this tool ?», 97/98 participants
replied in the affirmative. b) The complete structure of objectives
was followed by 37 of the 98 participants. The remaining 61 deci-
sion-makers generated structures of different sizes; the degree of
use they made of each specific objective is shown in Table 1. All
decision-makers used the three global objectives proposed, and all
used the specific objective B.5 «l really learned something.»

Convergent validity. «It relates to other ways of assessing the
same behavior», Cone and Foster, (1993, p. 157). Previoudly to the
main measurement of the validity, with a 2x2 ANOVA (order x
weighting technique), we analyzed: (a) Whether there was an order
effect, D-S vs. S-D (dependent variable: Fisher r-to-z transforma-
tion, for each decision-maker). We obtained an F(1, 94)= .093. We
could therefore group the values without considering the order in
which they were given; (b) Whether there were differencesin valid-
ity associated with the SMARTS and GRAPA techniques. We ob-
tained an F(1, 94)= .01. We could therefore group the values with-
out considering the weight €licitation technique (there was no
interaction between order and technique, F(1, 94)=.084). Thus, the
results can aso be referred to asasingle set of 98 decision analyses.

Table 2 shows the results in the four conditions, order (2) x
technique (2) and in the three dependent variables: (a) the values
of the Pearson correlations between D and S; (b) agreement on the
first-placed alternative: percentage of cases in which an optional
subject has been placed first by D and by S; (c) agreement on the
last-placed alternative: percentage of cases in which an optional
subject has been placed last by D and by S.

Table1
Level of use of the proposed super-tree

Global objective Specific objective % of utilization

A. What is taught 100 %
Al. contents 93.88%
A2. participation 74.49%
A3. congruence 85.71%
A4, applicability 5 %

B. How it is taught 100 %
B1. teacher’s ability 98.98%
B2. organization 82.65%
B3. practicals 83.67%
B4. fair assessment 71.43%
B5. learning 100 %

C. How difficult it is 100 %
C1. compatibility 65.31%
C2.easiness 74.49%

Table 2

Measurement of validity: correlation and agreement of first and last ranked
subjects obtained by D and by S (N= 98)

Order Technique  (a) Measurement (SD) (b) Agreements () Agreements
of correlations first alternative  last alternative
SDA SMARTS 779 (211 68 % 84 %
GRAPA 755 (.405) 58.3% 83.3%
Total 770 (.326) 63.3% 83.7%
DA-S SMARTS 735 (.395) 64 % 7% %
GRAPA 754 (.376) 66.7% 70.8%
Total 746 (.380) 65.3% 73.5%
Total SMARTS 761 (.323) 66 % 80 %
GRAPA 754 (.384) 62.5% 7 %
Total 758 (.352) 64.3% 78.6%

Note: D is value obtained through D.A.T.U.S,; Sis valuein satisfaction.
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The convergent validity (cal culated as the mean correlation be-
tween D and S) for the group of 98 participants was .758. Degree
of agreement for the first alternative was 64.3%, and for the last
aternative, 78.6%. (If agreement were calculated for thefirst three
alternatives —as a group— the value will rise to 87.3%).

Discussion

D.A.T.U.S. isatool that actualy helps to rank university sub-
jects (face validity); the main core of D.A.T.U.S is a super-tree of
values that suitably represents those of students (content validity).
When we have al the relevant information for using the decision-
making tool D.A.T.U.S., we can aspire to attaining very high con-
vergent validity (around .90).

It can be stated that Objective 1 has been fulfilled, in that a spe-
cific aid for the selection of university subjects has been devel oped.
Its use assumes that the decision maker has academic experience
for selecting a set of objectives from among those shown to him/her
by D.A.T.U.S. It also assumes that the user looks for the informa-
tion necessary for ng the degree of attractiveness of the sub-
jects. Both the instructions and the way the objectives are written
have been seen to be comprehensible for the intended type of user.

With regard to the second objective, in addition to the expect-
ed apparent validity, good levels of content and convergent valid-
ity were found. It should be borne in mind that the three funda-
mental objectives proposed in D.A.T.U.S. were chosen by 100%
of participants, and that 97/98 were of the opinion that their crite-
ria were well reflected in the objectives selected. There were
doubts as to whether the convergent validity would be low due to
the fact that each decision maker had his or her own set of alter-
natives and hierarchy of values. The central values obtained were
0.88-0.89; these values were similar to those of the higher per-
forming studies among those reviewed by von Winterfeldt and Ed-
wards (1986). This validity study avoids the danger, pointed out
by Morera and Budescu (1998), of using small samples, since it

employed 98 participants. When choice agreement is evaluated by
the percentage in which thefirst-ranked option from D.A.T.U.S. is
also the first-ranked in satisfaction, there is agreement in 64.3% of
cases. |n the data from our sample decision makers identify best
the lowest-ranked alternative: there is 78.6% agreement on the
worst option. This apparently low percentage of agreement on the
first-ranked option can be explained in part by the fact of partici-
pants having chosen severa aternatives simultaneously. Accord-
ing to Svenson (1992), post-decisional ambiguity is based on the
degree of differentiation and consolidation prior to the decision.
On choosing several aternatives, this differentiation isless neces-
sary, and post-decisional consolidation will also be less necessary,
which would explain why the first alternative does not dominate
the others so clearly. We can also find an ad hoc explanation of re-
sponse to the task we have worked with: most of the alternatives
satisfy their decision-makers, and the differences between them
are therefore not very large; however, when an aternative fails to
pleasg, it is rated in a clearly different, and more negative way.

In summary, from the data presented here it is deduced that, if
the student has adequate information, we can be optimistic with
regard to the utility of D.A.T.U.S. when s/he wishes to put in or-
der a set of subjects (.88 to .89 validity). The problem of ordering
a set of subjects taking into account conflicting interestsis a fair-
ly complex task for which university students require some type of
aid. D.A.T.U.Sisatool that provides such aid, making a decision
analysis on a structure of objectives that decision makers adjust to
their individual cases.
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