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Abstract

This paper seeks to develop a methodology that witliscover, specify and measure students’ abilitiesnd skills in

creating concept maps. Because competencies are #&y factor in higher education, the paper analysethe role of
concept maps as a tool to diagnose and improve imfoation analysis, synthesis, organisation and repgentation skills
and competencies. We propose a methodology that dies these skills to be evaluated by observing, dgsing and

measuring the stages involved in creating a concepbtap: identification of the main and secondary sul@cts; subject
codification by concepts; grading of concepts; andepresentation of the concepts and their relationgps with labels. A
case study using action-research methodology teste usefulness of the methodology on a group of warsity students
of Library and Information Science. The method propased provides information on the strengths and wealasses of
the students’ skills analysed, thus enabling theitraining to be improved by means of specific actiosn

Keywords: Concept maps; Information organisatiofigimation literacy; Competencies; Skills.

1. Introduction

Information literacy (IL) entails learning the dkjl competencies, knowledge and values to accessand
communicate information in any of its forms, in erdo produce competent students and professitrzéted in
the routines of identifying, organising, evaluatiagd recording information sources appropriatelgt aith the
knowledge to process and produce their own infaonafloday, IL is inextricably associated with infoation
practices and critical thinking in the informatiamd communication technology environment [1]. Theent
emergent importance of IL to the learning procesegflected in numerous publications [2-9].

Webber and Johnston [10] define information litgras “the adoption of appropriate information bebar
to identify, through whatever channel or mediunipimation well fitted to information needs, leaditmg wise
and ethical use of information in society”. Infortioa literacy forms the basis for lifelong learnifityl]. It is
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common to all disciplines, learning environmentd &vels of education. It enables learners to mastetent and
extend their investigations, become more self-tiebicand assume greater control over their owmiegr In the
last few years, the following associations of lifmas have published the most important IL stanslaiskd in the
design of tools and surveys for competency measamem

AASL & SCONUL [13] ACRL — ALA [14] @ ANZIIL & CAUL
AECT [12] [15]
Efficient 3. The studen 6. The ability 4. The 4. The
management and who is information to organise, apply information literate information literate
use of literate uses and communicate student, individually person manages
information information information to: or as a member of ainformation
accurately and others in ways group, uses collected or
creatively. appropriate to the information generated.
situation effectively to 5 The
7. The ability accomplish a specific jytqrmation literate
to synthesise andPUrPose. person applies
build upon existing prior and new
information, information to
contributing to the construct new
creation of new concepts or create
knowledge new
understandings

Table 1. Extracts from IL standards referring tfi@ént information management

the American Association of School Librarians amel Association for Educational Communications and
Technology [12];

« the Society of College, National and University dabes [13];

« the Association of College and Research LibragSRL) and the American Library Association (ALA)4IL
« the Australian and New Zealand Institute for Infatran Literacy (ANZIIL) and Council of

Australian University Librarians (CAUL) [15].Mostf dhese standards refer to the domain of competenci
related to the new ways of organising and représgrinformation and propose observable indicatard a
outcomes.

For example, Standard 4 of the ACRL [14] IL stamidamentions the importance of tools for organising
content such as schemas, diagrams, concept maps: ififormation literate student applies new andrpri
information to the planning and creation of a gattir product or performance”. Our professional addcational
experience in this field confirms that mastery lidde content organisation tools contributes tdngistudents’
levels of maturity, and provides teachers with infation on the student’s capacity to organise,asgmt and
structure content by establishing internal linksaeen content and conferring coherence.

2.  Concept maps

The hierarchical ranking and sequencing of conceptmn integrating reticular space known as a “epihc
map” appears to be closer to the way we representahcontent than the linear, sequential accessalyof oral
or written language. Various designations, whilé sy\monymous, have been applied to the idea ottmeept
map: cognitive maps, proposed by Tolman [16] andetstood as ‘a graphical representation of theareker’s
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mental representation of a set of discursive remtasions expressed by a subject based on his rooviae
cognitive representations with regard to a speaifigect’ [17]; mind maps, proposed by Buzan [18dan
conceived as the graphical representation of aestibjreticular and creative thought from a centmic;
semantic networks, proposed by Jonassen et alafid®tonceptual maps, a term conceived by Novalkaardup
of graduates from Cornell University [20], as thethod that visually represents events, conceptddeas, and
explains the relations between them. It is considasimultaneously as a learning strategy, a metthodpture the
most significant aspect of a topic, and a resowitie which to represent a set of conceptual meaninguded in
a structure of propositions. Jonassen et al. [19) atate that the concept map is the visual reptaton of
connected thoughts based on a given idea or tipian be used in the educational context to ‘Hefgners to
analyze and organize what they know or what theylearning’.

Concept maps represent an important componentmwitieé frame of heuristic and meaningful learning
theory [21-24], focused on the learner’'s autonomiigsovery and the lasting appropriation of consegmtd
propositions that favour the structuring of thoughtl its communication.

Concept maps are composed of networks of ‘noded’rpresent concepts, and ‘links’ that accuradely
meaningfully represent relations between these siotileese links are labelled with terms chosen ¢ntify the
relation between the nodes. Concepts are arramgi@i@riarchical order from the most general andusigke at the
top, to the most specific at the bottom [25]. Hoargvmaps do not follow a set structure, and variypss of
internal organization exist: hierarchical, for deglwith primary and secondary concepts; spidegrdias, in
which the term representing the main topic liethatcentre of the figure, with other terms arrangsslind it in
the form of a web; sequential; and cyclical, whitve information is arranged in a circular form. éducational
tools, conceptual maps share the philosophy of tgpial narration and may incorporate links to timedia

2.1. componentsin the form of hyperlinks. Design of concept maps

Creating a concept map calls for creativity in migang the structure of previously selected congseptd in
connecting them by marks to indicate the type tHtien between them [26]. To design the map, sttdamre
advised to follow a method comprising the stagebrmd below [26-27]:

* Identify the important terms or concepts that yoantvto include on your map, through a student-
generated list of concepts on a particular caseystdaving read the text, you should be capable of
selecting the important concepts required to angleiquestion: what is the main topic? Use cirttes
enclose only one important term or concept fromtdipgc.

* Arrange concepts in a pattern that best repregbeténformation using a hierarchical structure. You
should decide the hierarchical order of the corebptplacing the most inclusive at the beginninghef
list. Sub-concepts should then be selected anaglbhelow each general concept. Not all students wil
coincide in their selection, as their previous kiemge and point of view will differ. You should iew
your list, adding more concepts if necessary.

® Use straight lines with arrows to link terms thet aelated. Each concept is defined by its relatmn
other concepts within the topic. This stage isipaldrly delicate as links are not always clear god
may be faced with alternatives about which you théie to make a decision

* Use labelling words along the lines to designageréfationship between two connected terms.

e Edit the map by reviewing and checking your work.

The skill involved in designing a concept map addRie to the efficiency of the student’s activerihgag
process, since the relations between meaning®itetti are more clearly revealed in a two-dimeralistructure
than in a linear structure that can sometimes aribese connections.
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2.2. Use of concept maps

Concept maps have been frequently used in thesdifences, but have also been applied in otherpliises
such as political science, statistics, business,Many studies have been conducted worldwide owcem maps.
Novak [26, 28]) proposes the concept map as a lusedl for science education and as a facilitativel in
schools and corporations. Hsu and Hsieh [29] studis effects in nursing education; Franca et &@D][
investigated its use in nutrition education; Robg81] in statistics education; Brandt et al. [32]chemistry;
Briscoe and LaMaster [33] and Kinchin [34] in bigioinstruction; Tumen and Tas,pinar [35] use cohecegps
in language teaching; Sherratt and Schlabach [88éfierence and information services; Markha ef3] as a
research and evaluation tool, concluding that thethod affects student success positively. Cheal.€e38]
demonstrated the importance of concept maps andftbeible applications in e-learning of a subjetimain,
bearing in mind that ‘the graphical representatibidomain knowledge can reduce the problems ofrinédion
overload and learning disorientation for learnerbtébucq and Noél [39] also provide evidence ofirthe
effectiveness, noting that NASA use concept magpsagport for preserving their knowledge.

In the area f education, concept maps can be wseal Wide range of aims arfdnctions. The following are
particularly noteworthy [27,40]

* |Instructional tool: to organise course content;ptepare specific lessons and to present material to
students. In addition, they encourage text cregpimtesses [41] and information reduction processes
[42], both of which help to build a coherent sturetof knowledge [40].

e Student learning tool: to learn course materiakatee and organise class notes and to integraterialat
across different courses. Concept maps can enauhese skills by enhancing the acquisition and
retention of macro-level ideas. Thus, learners eotrate on the most relevant macro-structure
information from their learning topic [42]. In adidin, concept maps contribute to the development of
information skills, particularly those dealing withe organisation, representation and synthesis of
information. Concept mapping fosters learning andewstanding: as a follow-up strategy in learning
from text it fulfils important functions of elabdian, reduction, coherence and metacognition. Cgince
maps foster elaboration processes, can enhancactpgsition and retention of macro-level ideas,
encourage the building of a coherent structurenofikedge and support metacognitive processes [39].

* Assessment tool: to evaluate student learning @ndssess changes and growth in the students'
conceptual understanding as a result of instruattmeived in the course; to give student and iogbru
feedback, to evaluate aspects related to the cdmapseon of concepts, misconceptions requiring great
clarification and the pertinence of relations betweoncepts.

As well as a pedagogical tool for organising knalgie and thereby favouring meaningful learning, eptc
maps are also an instrument for evaluating stutdbsaming and improving educational protocols. piesthese
advantages, students run into difficulties becaheg do not receive adequate training and instadit how to
graphically represent and visualise information.

3.  Aim

From our teaching experience on courses relatédfdomation analysis and representation, we carfilcon
that concept maps provide an excellent tool tohteamprehension, synthesis and representationfafmation.
However, we have noted that students’ previousitigiis inadequate in certain areas:

* |nsufficient skills to understand and interpretgrie visualisation of information. Instruction apype to
jump from the linear to the visual culture with@atequate preparation.

* Limited knowledge about concept maps and theiruise$s as a learning technique. Most new students
do not study this topic in secondary education.
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* Lack of awareness about the value of maps as tootkevelop students’ information literacy; as key
organisers of relevant information, maps providedpportunity to acquire abilities and skills.

¢ Difficulties in both capturing and extracting theim concepts, and in mapping them graphically.

¢ Difficulties in tracing the links between concepeme are omitted and others incorrect.

Given the importance of the ability to organisealgse and synthesise information in higher edunatmd
the usefulness of concept maps to organise infeomathe aim of this paper is to examine how sttsl@noduce
and use the concept map, both as a tool to organideepresent relevant information, and as a sintgml for
learning. Likewise, from the information competawiperspective, the study aims to discover, speaify
measure the abilities and skills that studentsiosthe process of creating concept maps. By anajybiow
students perform each stage involved in this pose can identify their strengths and weaknessexsa a set
of information skills:

* Comprehension and interpretation of texts, percktiieough the way in which students capture thenmai
idea and the structure of the text.

* Analysis and synthesis of the information, evalddig analysing how students detect the most impbrta
paragraphs or sentences, their ability to trandla¢éen into concepts, and how they select the most
important and the secondary concepts to establigérarchical structure.

* Representation of information, revealed in the tey organise concepts graphically by specifying ho
they are related to each other.

4. Material and methods

Content analysis methodology is used to observeeamtuate the skills and abilities students applyhie
process of creating a concept map of a scientificle. By assessing the various processes anéstagolved in
the creation of a concept map we can also evatbatstudents’ information skills and abilities.

The scientific literature reports that concept me@s be evaluated from a range of perspectivesrkipg
on the aspects to be evaluated: the creation oheept map in itself, students’ knowledge on ad@s revealed
in the map, or through a text summary. Trébucq Hoél [38] outline various methods to carry out thes
evaluations on a different basis:

* analysis of the validity of the relations betweemaepts, according to whether they are correcbgrby
systematising and quantifying the results [25].

* analysis of occurrences; frequency with which cpteeccur is taken as a reference [44]

e content analysis of the relations between concéjptis. method has been used by Trébucq and Noél [39]
amongst others.

* semantic field analysis to evaluate the subjecttesdnof the maps. This method has been used by
Trébucq and Noél [39] amongst others.

e analysis of the frequencies of nodes and labeliat ron-labelled links, cross links etc., based hmn t
work of Hilbert and Renkl [40].

For the purposes of this study, the action reseaethodology used by Pinto et al. [44] to evaluliteument
abstracts was adapted to evaluate concept maggatiier the data we designed a template in whialests were
asked to record the way they carried out each statle process of creating a concept map of adertA series
of parameters and guidelines were establishedatuate and measure each stage and each procassesaal
value was established for each possible resul]lfithe results of the evaluations were analyzed.
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4.1. The template

The template designed to gather the data was b@aserhe used to study document abstracts [45]. # wa
adapted to the stages involved in creating the egnmaps and shortened for practical purposeseStsidvere
asked to complete the following six sections oftéraplate:

* Student details: name and course.

e Text evaluation: level of familiarity with the suut and difficulty of terminology. This information
reveals students’ perceptions of the complexitytted topic and allows us to analyse its possible
influence on processing the information.

« Comprehension and interpretation of the text: ifieation of the general topic and structure of thgt.
Identifying the main topic of the text is key tcs icomprehension, since it is the first filter in
distinguishing between truly important and superisi information, and acts as a connecting hub for
other ideas and concepts.

* Recognition of the text structure enables studenidentify the type of documents they are dealirii,
which will help them greatly in subsequent selettiorganisational, and construction tasks.

< Analysis and synthesis: underlining the most immatrsentences, selection and hierarchical ordering
key concepts.

» Selecting the most important sentences allows stade recognise the parts of the text that contzost
information, thus reducing the text that needseavbrked on.

e The representation of a text through keywords risvib& student’'s comprehension and analysis—and to
a certain extent, synthesis and expression—capasili

* The hierarchical structuring of concepts from thesmto the least important establishes levels of
importance and dependence among the concepts.

e Creation of the map: selection of the main concéptbe used as the central node on the map;
identification of other significant concepts; detéming the type of relation between concepts bymeea
of arrows and labels. These three steps guidettiieists and ensure that all of them follow the same
procedure to create their maps.

» Difficulties and usefulness of the map: finallyudents were asked to note down the difficulties/ the
encountered in preparing the map, and their peiarepof its usefulness.

4.2. Case studies

Two groups of Library and Information Science studdrom the University of Granada (Spain) tookt frar
the study, one group of first year undergradua®s gtudents) from the Document Abstract and Indgxin
Techniques course, and the second group of fired yedergraduates (34 students) from the Sciemificument
Abstract course. Although these are compulsory cofgects taught in the classroom, electronic ethutal
resources play an important part in the coursesetiiesources include the portals Ciberabstr§¢fg, e-COMS
[46, 47] and Alfin-EEE$& Both groups were given similar instruction in cept map preparation. Each group
carried out the exercise, which lasted two hourseparate classrooms (May 2008).

The selected text was entitled Lucha biologica eoids langostas: nuevas armas en una guerra nelena
(Biological control of locusts: New weapons for @demies) published on 31 July 2006 by the FAO ¢Fad

2 Available at http://www.mariapinto.es/ciberabstsa
3 Available at http://www.mariapinto.es/e-coms
4 Available at http://www.mariapinto.es/alfineees

Journal of Information Science, XX (X) 2009, pp1®-DOI: 10.1177/0165551506nnnnnn 6
© The Author(s), 2009, Reprints and Permissiong:ttww.sagepub.co.uk/journalsPermissions.nav



Maria Pinto ; Anne-Vinciane Doucet ; Andrés Fernand

ez-Ramos

Agriculture Organization of the United NationsYhis text was chosen because it is short, bitihgund easily
understood, and on a subject unrelated to libraignse to avoid giving an unfair advantage to tinalfyear

group.

The authors of this study identified the esserstiaitences and concepts by comparing their own gsiocis,
and defined the text structure and its main tofipre-test was carried out on a randomly selectse drom each
group. As a result of the pre-test, certain scafesthe main topic were specified.

The authors reached a consensus on a set of szatesasure the results in order to evaluate theltes:

Stage Skills measured Evaluation criteriory Case Score
Correct answer: Correct identification 1
Identification of | Text combination of the Partial identificati 05
the main topic | comprehension | terms “plague” artial ldentification i
in the text and interpretation| “locust” and “control” : -
P (or synonym) Not identified 0
Correct identification 1
Identification of | Text I?}?:(;Z(ljtczgiwer: Most parts correctly identified 0.75
the text comprehension '
. : Development, ]
structure and |nterpretat|0n Conclusions Some parts omitted 05
Not identified 0
Thoroughness (number of correctly
i i derlined sentences/number of Between 0
Underlining of . Of the 65 sentences in YN _ and 1
the most Analysis and the text 16 were important sentences in the text)
. synthesis of the identified as i
important information identified as important accuracy (number of correctly Between 0
sentences and 7 as acceptable | ynderlined sentences/number of
: and 1
underlined sentences)
Thoroughness (number of correctl
X 1 Between O
) A total of 9 essential | underlined sentences/number of d1
- Analysis and - important sentences in the text) an
Extraction of : and 9 important P
K i synthesis of the i
ey concepts | . Jsormation concepts were Accuracy (number of correctly Between 0
identified underlined sentences/number of
) and 1
underlined sentences)
The hierarchical Adequate 1
. . Synthesis of the | ordering of concepts )
H|era_rch|cal information was scored accordin Borderline 0.5
ordering of key . heir i
concepts Representation of| to their importance:
the information and their relation with| Poor 0
each other
Selection of the | Synthesis of the Correct answer: Three concepts present 1
5 Available at http://www.fao.org/newsroom/es/fa@096/1000345/index.html
7
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most important | information construction of the
the information suitably relating the
terms “plague” One concept present 0.5
“locust” and “control”
No concept present 0
: Logical and coherent | Correct 1
Relation . .
Representation of| association between .
between : . Partially correct 0.5
the information concepts was
concepts
evaluated Incorrect 0
_ _ Correct 1
Synthesis of Logical and coherent
Labelling of information labelling between .
. . Partially correct 0.5
relations Representation of| concepts was
the information evaluated
Incorrect 0
All the concepts were logically 1
related with labels.
One incorrect element (missing
labels, unsuitable relations or 0.75
An overall evaluation | "éPeated concepts)
Creation of the | Representation of| was made taking into| Ty incorrect elements (missing
concept map the information | account links, labels, | |apels and incorrect relation between 0.5
relations and concepts concepts)
Many missing concepts, labels or 0.95
relations '
Most elements omitted 0

Table 2. Scales to measure the results

5. Results

The text proved suitable for the purposes of thielystsince first year and final year students wegaally
unfamiliar with the topic and shared the same diffies with the terminology: very unfamiliar withe topic of
the article (2.05 and 2.03 on a five-point scadspectively) and few difficulties with the termiogly (2.24 and
2.18, respectively).

The results of the case study are reported for ehte stages in the concept map creation protegsther
with the evaluation of the end result of the precdise concept map. It should be noted that in stases not all
the students completed all the sections; the nuimbeaises is therefore given for each stage.
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5.1. Text comprehension

There was a notable difference in the two groupshgrehension of the text; although both groupstitied
the main topic in a similar way, the final yeardstats showed greater skill in identifying the tstxticture.

Identification of the main topic obtained average scores of 0.77 among first yeaests and 0.79 among
final year students. Results for the two groupsthezefore similar and can be regarded as accepthbtween
25% and 29% of students fully identified the maipit and around 60% noted two of the three key epts; thus
partially identifying the main topic.

CASE (Evaluation) FIRST YEAR (N=20) FINAL YEAR (N\84)
1. All three terms (1) 5 (25%) 10 (29%)

2. Two terms (0.75) 12 (60%) 20 (59%)

3. One term (0.5) 3 (15%) 4 (12%)

Average evaluation 0.77 0.79

Table 3. Results for identification of the mainitop

A notable difference emerged between first year fara year students with respectitientification of the
text structure. Whereas final year students obtained an acceptailre (0.59), first year students were unable to
structure the text adequately: 57% structuredcibirectly and their average score was 0.29. Thygests that the
instruction received throughout the degree sucalgshcreases students’ capacity to identify tettuctures, a
skill that the first year students had apparentiyyet aquired.

CASE (Evaluation) FIRST YEAR (N=19) FINAL YEAR (N\84)
Correct (1) 2 (11%) 8 (27%)

Most parts correct (0.75) 2 (11%) 11 (36%)
Average (0.5) 4 (21%) 3 (10%)

Poor (0) 11 (57%) 8 (27%)

Average evaluation 0.29 0.59

Table 4. Results for identification of the texusture

5.2. Analysis and synthesis

The scores obtained in this section are fairly lsimicross the two groups, although slightly highetong
final year students. The absence of significarfedihces between the two groups may result fronfabethat
final year students receive no more instructioinfiormation analysis and synthesis than studentheaend of
their first year. The slightly higher scores ob&minby the final year students may be due to thedatgr
experience in reading texts.

Underlining the most important sentencesin the text was evaluated according to the cateof
thoroughness (number of correctly underlined sereivided by the number of important sentencekdrext)
and accuracy (number of correctly underlined sergerivided by the number of underlined sentendé&s3ults
for thoroughness were acceptable (63% in the yest group and 66% in the final year group), amnghtly less
acceptable in terms of accuracy (53% and 61%, otispdy), due to the large number of sentences dingel by
both groups: an average of 27 sentences (40.8¥%edbtal) by the first year students and 25 (38%heftotal) by
final year students. Final year students obtaitigtityy higher scores, but without major differesce
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Extraction of the key conceptswas also evaluated according to thoroughness ecwatacy. The terms the
students suggested were first standardised, sinseme cases different terms were proposed to tefiie same
concept; hence 145 terms were finally identifiezhfra total of 169. Results were again fairly simbatween the
two groups: for thoroughness, 65% in the first ygraup and 71% in the final year group; and foruaacy, 55%
in the first year group and 50% in the final yeaoup. A notable difference was appreciated in tamlmer of
terms selected, with average values of 14 (SD %)46ntences in the first year group and 19 (SD3%)an the
final year group.

Final year students obtained higher scores forotiginness and lower scores for accuracy than teeyiar
group; this result may be attributed to the faet tiney identified a substantially higher numbercofcepts than
the first year group.

The hierarchical ordering of key conceptswas assessed on a scale with three values: ade{Liat
borderline (0.5) and incorrect (0). Very similasuéis were obtained in the two groups, with aversgmes of
0.67 for the first year group and 0.72 for the ffiyear group.

It should be noted that the template does not pagbarticular schema to order the concepts. Jtisdeere
therefore free to choose, and on the whole, botlhigs used diagrams based on arrows or hierardistslof
terms.

In general, neither of the groups can be saidltp foaster information analysis and structuringlski

5.3. Creation of the concept map

The end result of the process, the concept mapywedl us to analyse two particularly important atpeas
well as the overall evaluation: the selection agpresentation of the main concept; and the wayhitlwlinks
and labels were used to relate the nodes on the map

Selection and representation of the main concepThe main concept, the control of locust plagsésuld
be represented by a combination of nodes and arsoves to clearly express the idea that locustsocaur as a
plague, and that people are striving to combateth@lagues. The students’ representation of thia idas
evaluated on a scale of four values, assigned dicgpto how correct and how complete their repregem was.

CASE (Evaluation) FIRST YEAR (N=20) FINAL YEAR (N43
Correct (1) 20% 32%

Partial (0.75) 50% 56%

Poor (0.5) 25% 12%

Incorrect (0) 5% 0%

Average evaluation 0.7 0.8

Table 5. Evaluation of main node choice

Although broadly speaking these results are satisfp, they reveal that both groups had difficutie
capturing and reflecting the main idea in its etyir as most of the students only provided a pgagijaresention
of the main concept.

Both groups used the term “locusts” widely, althougpt always as the main node; differences weratere
when the terms “plagues” and “control” were mengidrand related to the main node. First year stsdesed the
relation “locusts” + “plagues” more frequently, whkas in the final year group the combination “ldstst
“control” was recurrent, with “locusts” as the naaled “control” as the link.
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cause
are exterminated
Plagues with —_—

lllustration 1. First year. Label-node evaluation 1

eliminate e

lllustration 2. First year. Label-node evaluatiori76

elimination _—

Illustration 3. Finalist. Label-node evaluation 8.7

_ et \

control

N

Illustration 4. Finalist. Label-node evaluation 1

The way this section of the exercise was carrigdvatied greatly: verbs and nouns were used imatigji to
represent an idea or concept, and a wide ranggrufngms were given to refer to each element ofitaén
concept, for example combat, control, extermindgstroy, etc.

Analysis of the relation between nodes by means lifiks. Evaluation was based on whether the nodes on
the map were associated with each other using imidogical and coherent way.

CASE (Evaluation) FIRST YEAR (N=20) FINAL YEAR (N#3
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Correct (1) 60% 68%
Regular (0.5) 40% 32%
Incorrect (0) 0% 0%
Average evaluation 0.8 0.9

Table 6. Evaluation of the relation between congept

The results show that both groups were fairly ss&ftg in relating the concepts (nodes) togethed, am
significant differences are detected between the gwoups. This suggests that they are reasonalpighta of
establishing logical relations between a set oégigoncepts.

Analysis of labels.The labels on the links between nodes enable stside specify the relation between
various concepts, thus giving the map a comprelienseaning with the minimum of ambiguity. However
noted that the first year students were less awhtlee usefulness of labels, since they only lateB6% of the
links, compared to 94% labelled by the final yetdsnts. This discrepancy may stem from first y&adents’
failure to understand the relation between conceptsbecause they were unsure how to name the label
appropriately.

It is worth noting that when students did use lap#dey were reasonably successful in that they wble to
create logical and meaningful propositions, slightiore so in the case of final year students whi@iobd an
average score of 0.94, compared to that of 0.8mddeby the first year students.

CASE (Evaluation) FIRST YEAR (N=20) (N:;'l';'AL YEAR
Correct (1) 65% 82%

Regular (0.5) 30% 18%

Incorrect (0) 5% 0%

Average evaluation 0.8 0.9

Table 7. Evaluation of label use

5.4. Students’ comments

The students’ assessment of this technique as afuapresenting information is particularly useduice it
reveals their perception of their own informati@pabilities and skills and complements our evaburesti

Both groups reported the selection and organisaifoconcepts as the most difficult tasks in creatihe
concept map, together with the problems inheretiéncomprehension of texts on unfamiliar topidse Tact that
students are more accustomed to a linear rather s¢hgraphic way of working may largely explain thei
difficulties, since the switch from one to the atheo involves a significant change in the way mmfation is
organised and represented.

The students noted many uses of concept maps, sbmdich were very important. They represent a
powerful self-learning tool, particularly in virtband semi-classroom-based environments. Many stsd®so
pointed to their use as a tool to graphically sumgeainformation, creating settings for visual ldag based on
concept nodes rather than simple linear combingtidgrwords.
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5.5. Overall evaluation of the map

The overall evaluation of the map was acceptablgth groups, although higher among final year esttsl
This result was to be expected, since final yaadesits have presumably received more instructionpaissess a
more fully developed range of information skills.

CASE (Evaluatior) | FIRST  YEAR| | FINAL YEAR
Very good (1) 10% 32%

Correct (0.75) 35% 56%

Regular (0.5) 50% 12%

Poor (0) 5% 0.%

Average evaluation 0.6 0.8

Table 8. Overall evaluation of the concept maps

The various stages in the creation of the map tethed on the whole, final year students obtaineghér
scores than first year students. The greatestrdiftees emerged in the detection of the text strectuhich is
reflected in the end result, the concept map. Tifierdnce between the two groups can thereforecka $o lie in
the students’ skills in structuring information aittentifying the text structure. The methodologyedisn this
study has enabled us to determine precisely wheatrain differences were between the two groupegards
their information analysis and organisation sk#lad point us in the right direction to addresstthming of these
students in order to increase these skills.

PESTICIDES

It is a risk

Need for

'

NEW
BIOLOGICAL
WEAPONS

such as

A A A |

MUSCULO
PAN VERDE IGR ELOCUST2

lllustration 5. First year. Average map.
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Desert
locusts

biological
weapons

New biological
weapons

Growth _
regulators
develo
has
are acts
causes .

penetrates
effe
lac
Official
takes approval
Exoskeleteon
Vanous
days

Swarm
break up

lllustration 8. Finalist. Well constructed map.

5.6. Evaluation of information skills

Although the overall results for both groups at sthges in the concept map preparation procesean
considered good, certain differences between #gestemerge in relation to specific informationlski

Both groups demonstrated good text comprehensiils skhen detecting the main topic and capturing th
general idea; however, a number of shortcomingstiepéarly among first year students— were notecemwithe
students were required to examine the text morpldemake interpretations and identify the textisture. Many
students attempted to make the text “fit” the tgbiscientific article structure (introduction, ainmethodology,
results and conclusions), without taking into actaine type of text they had been given and coresityuits
structure. Students’ instruction in this area sHotlierefore be extended, with greater attentiord pai
understanding the nature of the text and its featurecognising the testructure, recognising the text sections
and the units they are comprised of and recognigiaghread of the argument and the relation battee text's
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component units. This can be done with exerciseslaatify different text types, organise markersalgze
sections or headings, and examine the typographyteft [48].

Acceptable results were obtained from the evalaatidinformation analysis and synthesis skillshaitgh there
was room for improvement. In general, studentsadetethe key aspects, but were not so skilful ebgaising
what was superfluous in the text: they tended tobate greater importance to superfluous eleméritsally,

scores of the various stages regarding conceptaregiion (main node choice, relation between caiscapd
label use) display more than acceptable resultghidtpoint, all students are competent enough.

6. Conclusions

Today we are witnessing a growing educational stufvards students’ autonomous learning and the
acquisition of both generic and specific skills azmimpetencies. Information competencies are corerge
competencies, particularly those related to thdyaisa organisation and representation of infororatiConcept
maps are an excellent methodological resourcehfese new learning models since on the one handféiveyr
the teaching and evaluation of information skiéled on the other, they help the student to undedsiaternalise
and connect concepts through a reflective andcatitearning process. Furthermore, they providexremely
useful tool for generating and communicating infation in today’s knowledge society.

Through the methodology proposed in this studycam detect the level of students’ information skiill text
comprehension, information analysis and synthasisiaformation representation by analysing the ephenap
creation process.

The tool proposed in this paper is flexible and baradapted to evaluate students’ learning sineeables us
to guide them in the process of creating a coneeap, and it provides a breakdown of their skillgd an
competencies, which in turn simplifies the detactid the level of generic competencies student lzaquired.
Furthermore, as it is a general tool it can beiadpb any type of text, and by focusing on theeginskills and
competencies common to all domains it can alsoppdiead to different spheres of knowledge. We cardfore
claim that it is a useful tool for any teacher wk@ommitted to training competencies, both genanid specific,
within his or her educational domain, in this cagth particular emphasis on the organisation ampiagentation
of information.
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APPENDIX

ez-Ramos

STUDENT DETAILS

Full name

Degree

Course

TEXT EVALUATION

How familiar are you with the Very

Fairly

A little

Very little

Not at all

topic the text deals with?

Did you find the terminology Very

Fairly

A little

Very little

Not at all

complicated?

COMPREHENSION AND INTERPRETATION OF THE TEXT

Identify the main topic (in a couple of words)

Identify the text structure (for example, in a
scientific text: introduction, aims, methodology,
results and conclusions)

Mark in the text

ANALYSIS AND SYNTHESIS

Underline the most important sentences

Mark inee

Identify key concepts from the most important
sentences (between 10 and 20 concepts)

Order the key concepts (from more to less
important) and relate them to each other

CREATION OF THE CONCEPT MAP

Select the most important concept

Relate the concepts to each other using arrows

Label the arrows with prepositions or propositio
that explain the relation between the concepts

ns

DIFFICULTIES AND USEFULNESS

What difficulties did you come across in creatihg toncept map?

What use do you think concept maps have as pgdwflearning experience?
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