A note on the calculation of the Garskof-Houstomelatedness coefficient
Una nota sobre el calculo del coeficiente de relaciones de Garskof-Houston
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Abstract

The Word Association Test is an educational tool that enables the teacher to ‘Idbkhe same starter is given again and a response is requested, it will
inside the students’ heads and see how the concepts are lodged in their cognit@@resent a more distant association. The process can be repeated several
structure and also to see the map of the connections between the concepts. In ordémes to give a string of associations, of decreasing strength, with the
map the structures, the relatedness coefficient must be calculated. Because a diff@rgmer. A new primer can now be chosen and the process repeated and so
way of calculating was found in the literature, in this paper the calculations a@n. If the primers are the key concepts in a particular area of study, an
performed according to the formula of Garskof & Houston. association map of how that study is laid down in the student’s mind can be

Key words:Word Association Test, cognitive structure, relatedness coefficient, ral{ﬁvealed' If two primers are associated with a very similar string, it is likely

order. at these two starter words are strongly associated with each other. If, on
the other hand, two primers share few associations, it is likely that these
two starters are only weakly associated with each other.

Resumen

La prueba de asociacion de palabras es una herramienta que facilita al docente ‘\\/I<\e/r|NDOWS INTO THE MIND

dentro de la cabeza de los estudiantes, y comprender cémo los conceptos se encuentrihe test affords a map of the cognitive structure of a particular area of
ubicados en la estructura cognitiva y asimismo ver el mapa de las relaciones entredtigdy, for example general chemistry. By a “structure” we mean an assem-
conceptos. Para elaborar el mapa de las estructuras, el coeficiente de relaciones délbge of identifiable elements and the relationships between those elements
ser calculado. Teniendo en cuenta que, hay varias formas de calcular, en este trafjtaveLson, 1972). “Cognitive structure” is an hypothetical construct re-
los célculos se realizaron con la féormula de Garskof y Houston. ferring to the organization (relationships) of concepts in memory
Palabras claveprueba de asociacion de palabras, estructura cognitiva, coeficiente (E?*AVELSON' 1974). To learn about the cognitive structure is important
relaciones, orden de rango. ecause we can understand to what extent does the structure in the student's
memory overlap with the subject structure, and in what measure it helps
the student in problem solving or in the development of higher order
cognitive skills.
INTRODUCTION In a study conducted on 85 freshman students enrolled for chemistry at
In their book,Probing UnderstandingWHiTe and GunsTone (1992)  the Faculty of Engineering in the now Polytechnic University of the Marche
present a variety of interesting methods for improving the understandi(@sroeLLini & Banar, 2000), ten key words from the main concepts of the
of science in our students and to probe the effectiveness of teachiGgneral Chemistry curriculum where chosen to act as stimuli for the test.
Between them, Word Association Testing is presented. This test is bagéése words werReaction (1), Equilibrium (2), Chemical bond (3), Rate
upon the idea that, if a person is given a primer (starter word) and askedreaction (4), pH (5), Oxidation-reduction (6), Molecule (7), Solution
under pressure to say the first word which comes to mind, the idea m@i Physical state of Matter(9), Atom (1@hey were written at the top of
strongly associated with the starter word will be revealed in the respong® page and ten times down the left side of the page so that subjects were
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encouraged to return to the stimulus word after each association, in ordeFew words are frequently associated to the key words: 68 students

to minimize the chain effect, in which each response, instead of the lassociated the words ‘electron’ to ‘atom’, ‘ionic’ and ‘covalent’ to ‘chemi-

word, becomes the stimulus for the next responsesB JoHnsTone &  cal bond’, ‘solid’ to ‘matter’, ‘acidic’ and ‘basic’ to ‘pH’. By lowering the

SutcuiFrg, 1999). fraction of students considered (42 students), other associations appear,
For each stimulus word, students were required to list up to ten worstsme “islands” slowly begin to come together and all precedent “islands”

which they considered to be associates with the stimulus word, withiecome richer (see figure 4).

thirty seconds and the time was controlled by the experimenter. This con-

straint is because research evidence suggests that a free association cannot o AMTROR MOLECUALE ~ GHENIG AL —
reveal weak direct associations Nkmara, 1992). For example, a stu- | AESOTION  mroes 1

dent response to the primer ‘Chemical bond’ was the following sequence
of associations: ‘covalent’, ‘ionic’, ‘polar’, ‘hydrogen’, ‘strength’, ‘simple’, EIRTIRLIR CRiins i tin] i
‘double’, ‘triple’, ‘coordinate’. MO -MECHATTHIH = (S shovmtl st
We can count the number of meaningful words as students’ responses

to each key word and this can be method for analysing the word asso€igture 4. The interconnect ness between key and response words for 50%
tion data (8aveLson, 1974). Using the procedure reported below, we cagf students.
calculate a relative index of the overlaps between the key words, the Relat-

edness Coefficient, and we can obtain the cognitive structure of a single |

MATTER — sl :--JlL-:

I . L L
student and the cognitive structure of the class. To show some indications, ~ #rom OIS | R -
of the relative strength of the associations, some cut-off points were cho-| *=] | frucms psiganiall [ 10 N o
sen: figure 1 reports the cognitive structure of the students at a cut-off point | ] ,"E = 5t ot
of 0.2. o MEADTION=— gastous | | ot
) N | m | it CHEPARAL :
REACTION  CHEMICAL BOMD — MOLECULE o T T s — ;
| | R T — tart — EOLIL IBRIUM r e
O IDATICK-AED LA TICH AT — | I Ik i
. RATE OF g R 1 B [ e
Figure 1. The cognitive structure of the students at a cut-off point T “'T_" N o W L-iogh*1
of 0.2. (GwroELLINI & BaHar, 2000, reported with the permission el B il -
from the editor) sy ]| Lpiokte

f_igure 5. The interconnect ness between key and response words
showed by 20% of students.

This relatively strong relatedness coefficient reflects a strong intercon-
nect ness between the keywords as revealed from the responses: the m
jority of students can associate the right words to the concepts ‘Reaction’
and ‘Oxidation-reduction’ and to the concepts ‘Chemical bond’, ‘Mol- .
ecule’ and ‘Atom’. Lowering the cut-off point at 0.1, a connection between Eventually, the whole picture emerges, at the weakest level of cut-off

the Equilibrium and Rate of reaction appears; still the words are sepad@it. It is necessary to mention that the whole network of the words at the
“islangs", as shown in figure 2: PP P @8(%[/:) level does not mean that 17 students out of 85 have this network

between the concepts. Some of the students may have some part of the
connections, but not necessarily all. From Figure 5, it also emerges that the
key word ‘Chemical bonding’ has the greatest number of associated words;
this can be an indication that students know this topic better than the other
topics.
Figure 2. The cognitive structure of the students at a cut-off point of 0.1, Because we can know the interconnect ness between the concepts for
every student, this method is useful for monitoring the acquired knowl-
dge of our students and affords to discover the semantic network in the
dent’s long-term memory. This test can be a probe for the teacher:
osing the appropriate key words he can monitor the understanding of
subject by the students, for every topic and the evolution during the
se. This test can be a tool for teachers to make their teaching more
ctive.
This test is valid for externalizing the structure of declarative knowl-
edge and has been used by several researchers in science of all kinds

RE&CTRIR EDUILERILR CHEMBCGL BOND — BOLECULE

1
BATE OF REASTION
DXIDANOR-AEDUCTION ATOM

The few isolated “islands” very slowly begin to come together as
reasonable interconnected network only at the weakest RC value of 0.
at this level, all the 10 primers are connected, as shown in Figure 3. A
value of 0.05 is far from 1; this means that the complete connectio
between these concepts in the mind of the students are quite weak, org
few students “see” this network in their mind.

SOLUTION — gH —, —————— MaTTER — | (JoHnson, 1965; BiavELSON, 1972; BiAvELSON, 1975; GESLIN & SHAVELSON,
"'TE;':::“:"_“'“mﬁ'i_‘l':"“m' 1975; THRrRo, 1978; BwHAR, JoHNSTONE & SutcLiFrg, 1999), and several
ronacur ] studies have been performed in chemistopdrone & MovniHAN, 1985;
. » GoRrobeTsky & Hoz 1985; GicHapuz & MaskiLL, 1987; GQussARskY &
Figure 3. The cognitive structure of the students at a cut-off GORODETSKY, 1988; MaskiLL & CacHAPuz, 1989: GcHaPuz & MASKILL,
point of 0.05. 1989; GrpELLINI & JoHNsTONE 2000).

What emerges from those maps is that the students are not likely to see
all the concepts represented by the ten key words, as linked together. THE CALCULATION OF THE RELATEDNESS
responses obtained to each primer can be analysed in several ways, usGWEFFICIENT
by deriving for each student a matrix representing the similarities betweena rajative index of the overlaps between pairs of primers can be ob-
the responses to each pair of primers. It is also possible to look for the, 4 using the Garskof and Houston’s formular&&or & HousTon,
relations between the students’ cognitive structures using the Waem's tef§ig3) The Relatedness Coefficient (RC) obtained can range from 0 (to-
nique (Waern, 1972). From the students’ response to every primer, @y ynrelated) to 1 (perfect relatedness; the same word) and measures the
frequency table can be obtained: the frequencies vary from 187 to 1 for Hitmpher of identical words given as responses to two key words and their
285 different words. For example, the word ‘ionic’ was associated 2 timgsyic order. The ranks of the words are the numbers beside them in Table 1.
to the primerl, 24 times tc2, 71 times {8, 54 times b, 7 times {06, 4 | 3 \yord association test, the degree of overlap between the response
times t07, 17 times tc8, 1 time to9 and 7 times td0. In a similar way, & ierarchies is a measure of the semantic proximity, or the “strength” of

count was made for every word. From the frequency table we consiggf s hetween concepts between the primers in memoegstD1962:
three different groups of students using three arbitrary lines of separatl%]éﬁ SHoBeN & SuiTH, 1973). '

68, 42 and 17, considering in this way 80%, 50% and 20% of students and|o\, we consider some examples of word association and we calculate
so, the corresponding “maps” of concepts can be obtainedofCint & o RC values
BaHARr, 2000) ’
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B2 : 1l Ll 5 Sal w3
| Hal #+ dad + Fa + Jw]
where: 54321] 1
+ Arepresents the rank order of occurrence of words under A which are il
shared in common witB and B represents the rank order of words ]

underB which are shared iA. __Instead, using the White and Gunstone ranking method, we have:
« A .Brepresents the sum of products of the rank order of every word in

A multiplied by the rank order of the same wordBin A . Rank A L Rank
«  AB represents the rank order of words in A multiplied by the rank_ASsociations an ssociations an

order of words in B, considering the longer of the two lists. reaction 5 oxidation-reduction 4
* n represents the number of words in the longer list. reactants 4 oxidant 3
+ P represents a fixed number greater than zero which may be deter- products 3 balancing 2

mined from the shape of the probability distribution of the responses. exothermic 2 reaction 1

P is usually set equal to 1 €N & SHavELSON, 1975); in this way all balancing 1

portions of the student’s responses distribution received equal weight

In this case the formula becomes: A=[51],B=[12]; RC = 0.13.

AL If the difference in the length between the two lists is greater, the differ-
B ence between the two methods of calculation is greater. For example, if a

LA-B] - 1§

. - ) student’s response to the primer ‘Reaction’ was the following sequence of
The denominator can be indicated2a® - 1. The formula can also be associations: ‘equilibrium’, ‘reactants’, ‘products’, ‘balancing’, ‘exother-

written the form: mic’, ‘limiting reactant’, ‘moles’, ‘molecules’, ‘atoms’. To the primer ‘Equi-
Sum of products of ranks= of common wuorgk librium’”: ‘reaction’. We have:
Ry ’ ' '
Zo=-1
Associations Rank Associations Rank
WHIiTE and GinsToNE (1992, p. 145) present an example of calculation of reaction 10 equilibrium 10
RC; using their example: equilibrium 9 reaction 9
reactants 8
Associations Rank Associations Rank produ(_:ts 7
balancing 6
BASEBALL 7 CRICKET 6 ”m‘?t’i‘r?thfég‘c't‘;m i
run 6 run 5 n?oles 3
bat 5 wicket 4 molecules 2
field 4 bowl 3
throw 3 field 2 atoms !
base 2 baseball 1 A =[10 9], B = [9 10]; RC = 0.46. B
bleachers 1 With the White and Gunstone ranking methéds [10 9],B = [1 2]; RC = 0.071.

In the above White and Gunstone example, using the Garskof and Hous-
From the calculation they obtain: RC = 0.32. They rank the wordsn method, we obtain RC = 0.45.
starting from the last word in the list; the usual way of forming ranks in
general. But, with verbal associative data, Garskof and Housters@ CONCLUSIONS o
& HousTon, 1963), basing on extensive psychological research, gave pri- The Word Association Test is an instrument that can be used by teachers
ority to words associated with a key word and to rank order starting frdi®r assessing student learning or for formative purposes in ordinary class-
the first word (primer). According to Garskof and Houston: “The procg©0oms. From the continuous word association hierarchies, the cognitive
dure of giving equal weight to the first associate is based upon the assusiipcture is usually inferred using Garskof and Houston's formula, that
tion that the importance of the first associate in a small hierarchy is at leakgws the calculation of the Relatedness Coefficient, which is assumed as
as great as the importance of the first associate in a larger hierarchy”groximity index and a measure of the overlap between two key words.
281). As a consequence, it is important that the calculations are performed in a
The different method of ranking the associated words brings to diffegorrect way in order to reveal the interconnectedness between the concepts
ent RC values: let us consider an example using primers from the dom@snthey are in the student's mind.
of General Chemistry. A student response to the primer ‘Reaction WasctR&KNOWLEDGEMENTS

followin n f iations: ‘r nts’, ‘pr Y hermi k . . .
ollowing sequence of associations: ‘reactants’, ‘products’, ‘exothermic’, I would like to thank Richard J. Shavelson, Stanford University, USA,

‘balancing’. To the primer ‘Oxidation-reduction’: ‘oxidant’, ‘balancing’ - . . h - s .
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