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Dimensionality and conceptual space in measures of cognitive structure: 
An analysis of ordered tree task responses
The analysis of changes in student teachers’ cognitive structure has 
been found to be an important means of studying the influence of 
teacher education programs.  Ordered tree tasks have been found to be a 
valid tool for identifying differences and changes in cognitive 
structure.  The analysis of ordered tree task responses can focus upon 
different facets of the participants’ responses.  This paper gives 
attention to the graphic nature and dimensions of the response as a 
means of analysing changes in cognitive structure.
The ordered tree technique has shown itself, across both the teaching 
and subject area domains, to be an instrument capable of identifying 
differences between groups of novices and experts (Roehler, Hermann & 
Reinken, 1989; Strahan, 1989) and within groups of subjects across 
courses (Beyerbach, 1988; Morine-Dershimer, 1989 & 1991).  Differences 
between subjects have been identified through the analysis of the 
declarative knowledge content (Beyerbach, 1988; Morine-Dershimer, 
1991), structure (Elbaz, Hoz, Tomer, Chayot, Mahler, & Yeheskel, 1986; 
Naveh-Benjamin, McKeachie, Lin & Tucker, 1986; Roehler, Hermann & 
Reinken, 1989; Strahan, 1989) and major orientations (Strahan, 1989) or 
meanings within subjects’ responses.
With the use of this technique the small number of subjects involved, 
the short term nature of the comparisons and the time consuming nature 
of the data analysis procedures have all been seen as limitations 



(Kagan, 1990).  The contribution of this measurement tool to the study 
of teacher development would be enhanced through its application to 
larger groups of subjects in both longitudinal and cross-sectional 
studies of development and with analysis procedures which are more cost 
effective in time and which respect the nature of craft knowledge 
(Leinhardt, 1990).
In the studies cited above, variations are found in the form of the 
ordered tree task employed.  Task differences occur in the degree of 
structuring in task instructions, the use of recall and/or selection 
techniques, and the inclusion or exclusion of propositional links 
and/or accompanying explanations.  Different forms of specification are 
found in the extent and type of directions for thinking through the 
response and the type of spatial arrangement expected of the subjects.  

High degrees of researcher intervention are found in studies (Strahan, 
1989) which direct subjects to categorise the concepts they associate 
with the topic and then illustrate them in a hierarchical spatial 
arrangement .  Other studies allow any form  of spatial arrangement 
from the subjects and are less directive in task requirements 
(Morine-Dershimer, 1989; 1991).
The studies (Morine-Dershimer, 1989; 1991) which require subjects to 
recall concepts they associate with the domain or topic have less 
researcher intervention than those studies (Strahan, 1989) that present 
a list of concepts from which the subjects can select the concepts they 
wish to incorporate within their ordered trees.  The respondents need 
to be able to recall or select concepts which are both known to them 
and salient to the topic or domain rather than be influenced by a list 
of concepts which reflect the researcher’s more than the participants’ 
domain knowledge.  In grounded theory studies, such as those concerned 
with the development of teachers’ craft knowledge, a lower degree of 
structuring in the task is more appropriate (Strauss, 1987).
Some ways of using ordered trees, such as explanations in individual 
interviews (Strahan, 1989), are well suited to research using case 
studies or small samples of subjects.  As research into teacher 
development requires longitudinal study of larger samples, however, 
individual interviews about the ordered tree response (Strahan, 1989) 
are not appropriate.  Further, interviews are not useful when the tree 
task is only one of several instruments completed at one sitting.  
Briefer written explanations of trees meet both these objections and 
may add to the validity of interpretation and analysis of large group 
data.
There is a continual tension in social science research between using 
measures which facilitate comparisons between the units of 
investigation and using measures which adequately reflect the 
perceptions, opinions or actions of participants. Questions arise 
regarding:
Should the belief-structure maps be constrained to be trees from a 
point - in which case comparisons between different structures can 
readily be made, but doubts will remain whether participants are 



reporting their belief-structures adequately or constraining them to 
fit a model imposed by the investigator? 
Should the maps be acceptable in either hierarchical or associative 
format, enabling participants to respond in the way which will more 
closely reflect their own thinking, but presenting problems in 
developing measures which enable comparisons of relevant concepts 
across the two kinds of structure?
In the study reported here, it was decided, with some trepidation, to 
make the second choice and attempt to develop appropriate measures 
across the two types of structure. Thus, in what follows, the term 
“ordered trees” is used to include both trees from a point in graph 
theory terms and conceptual structures whose graphs resemble banyans 
(See Figure 1 B & C below).
These different types, or polarities, may be related to analytic vs 
synthetic thinking modes, and a similar distinction occurs in database 
structures where the traditional hierarchical structure of files (with 
possible referencing of other sets of hierarchically organised data) 
may be contrasted with hypertext-type structures where associative 
links exist between nodes but no hierarchical organisation is assumed.
In terms of graph theory, ordered trees from a point have the advantage 
that they form a subset of acyclic digraphs in which the level of a 
node is uniquely determined. They have been used particularly in 
examining hierarchical structures of organisations, to which they are 
well suited. Characteristic of such trees is that breaking any link 
disconnects the tree; that is, every arc is a bridge, in 
graph-theoretic terms. This may not, however, be desirable in a 
concept-structure, in which some alternative paths between concepts may 

reflect a greater degree of ability to cope with changes in the 
structure; some tree-structures may be less flexible in this respect.
In the present study, therefore, the strict graph-theoretic distinction 
between trees and networks has not been entirely adhered to. For our 
purposes, Structure B (Fig 1.) resembles Structure A more than it 
resembles structure C. 

Figure 1   Tree and network structures in ordered tree task responses 
Measurement task
The ordered tree task was designed with minimal structure in order to 
access and identify qualitative and quantitative differences in 
expressions of teachers' declarative knowledge schema elements.  This 
was to allow subjects scope to express their own schemata with little 
direction from the researcher.  The minimal structure for the task was 
to minimise the likelihood of the researcher imposing a particular type 
of thinking upon participants.
In the final form of the task adopted for the study (Management tree 
Form A) the teachers were asked to develop a classroom management tree 
which represented the concepts they associated with classroom 
management.  There were three components to the task:
1 recall the concepts to be used.



2organise the concepts in the form of a tree.
3present a written explanation of the tree.
Two examples of the graphic component of the response (See Appendix) 
were included with the task.  Both examples incorporated a hierarchical 
pattern of relationships about the individual concepts.  To help 
identify the meaning and the craft logic underlying the responses, 
subjects were asked to provide a brief explanation of their tree.  No 
sample explanation was provided with the task.  A list of terms, which 
subjects could draw upon to add to their own list of concepts, was 
provided in two other forms of the task (Forms B & C), however, these 
forms were not used, except with Expert Managers, after the first year 
of the study.  It was found that subjects' responses to the less 
structured Management tree Form A provided data which were sensitive to 
differences between groups of subjects or with subjects across 
occasions.  Moreover the influence of the researcher presented list of 
terms on participants' expressions of their schemata was evident in the 
greater proportion of teaching/ learning terms in their responses.
Measures of structure
The grounded theory approach to the construction of a theory of teacher 
development in the management domain required that close coding and 
analysis of the data proceed concurrently with and be allowed to 
influence further data collection (Glaser & Strauss 1967).  The 
measurement and analysis were grounded in the data collection to ensure 
the construction of a comprehensive and dense theory derived from rich 
descriptions of the phenomenon being studied rather than from logical 
deductions based upon prior assumptions about development or its goals. 
 This procedure saw theory construction as the second level of data 
analysis and results which was dependent upon the establishment of 
valid categories as the first level of data analysis and results.
There was an obvious need for any measures that were developed or used 
to be applicable  across the different kinds of structure. Most 
measures which have been developed (e.g. Hamming Distance, Baker and 
Hubert’s (1977) G statistic) lack this property, and often require 
comparisons to be made only between graphs over a common set of nodes.
A series of quantitative and qualitative measures were developed for 
analysing structure as expressed in the ordered tree task responses.  
They included:
Quantitative measures
Differentiation is a measure of the degree to which the response 
emphasises the separateness of the different conceptual units in the 
response.

Integration is a measure of the degree to which the response emphasises 
the interrelatedness of the different conceptual units in the response.
Centrality is a proportional measure of proximity of the first 
occurrence of a category to the centre of the ordered tree response.
Qualitative measures
Logic is a measure of the logical relationships expressed within the 
structure and vocabulary of the response.



Graph type is the structure or patterning which is most pervasive in 
the graph response.
Quantitative measures
Integration and differentiation as measures of structure
Integration and differentiation were used as measures of quantitative 
differences in these graphic representations.  Such quantitative 
differences in these graphic dimensions are evident in the extent of 
differentiation and integration in each of the three graphic 
presentations (Figure 1)  with responses A and B being more 
differentiated and less integrated that response C.  Response B was 
marginally more integrated than response A.  Integration was seen as an 
expression of the mental process by which a set of semes is grouped 
together or synthesised by the abstraction of features deemed to be 
held in common.  Differentiation was seen as an expression of the 
mental process by which a seme at a superordinate level is linked, by 
the commonality of some feature(s), to two or more semes at a 
subordinate level.
The integration and differentiation measures were calculated on the 
basis of the links and nodes in the graph.  The graphs were interpreted 
as partial graphs (Berge, 1962) in which only the explicit links 
between connected semes were counted while the implicit links to other 
semes in the response were not considered.  Integration 1 is the number 
of integrating links divided by the number of nodes.  Differentiation 2 
is the number of differentiating links divided by the number of 
non-terminal nodes  The application of the measures required joint 
coding of initial and terminal nodes, and parallel links on trees which 
were more associative than hierarchical in nature. 
Categorical centrality 
Categorical centrality is a measure of category salience based upon 
both the closeness of the first occurrence of the category to the root 
node or beginning of the graph and the depth of the graph.  It assumes 
that differences in the levels at which categories first occur in 
participants' responses to the graphic component of the task represent 
differences in the salience of the category content in expressions of 
participants' schemata.  The measure also takes into account category 
depth so that category salience is related to the number of levels in 
the response.  Categorical centrality was adapted from a similar 
measure used by Morine-Dershimer (1991) whose measure recorded the 
level at which the category first occurred.  This latter measure of 
centrality allowed a comparison of the order in which categories occur 
within and across different responses but it was not suitable for more 
detailed analyses of category salience.

Figure 2   Category saliences
Centrality, as defined here, is a ratio scale measure 3 which varies 
from 1 to 0 depending upon whether the category is as central as 
possible or is not included on the tree.  For example the 
organisational category seme, rules, which occurred first at level one 
has a centrality measure of 1 while the relationships category seme, 
fair, which occurred first at level 2 in a two level response has a 



centrality measure of 0.5.  If the organisational seme had occurred at 
the first level in a response with a depth of five levels it would 
still have a centrality measure of 1, while the relationships seme 
occurring first at level two in another response with five levels would 
have a centrality measure of 0.4.  If there was no organisational or 

relationships semes in the response these categories would have had a 
centrality measure of 0.  In the analysis of the response data the 
centrality measures for each category were considered separately and 
also in relation to the total frequency of all semes in the graph.
Qualitative measures
Logic and graph type
Qualitative differences were identified in the ordered tree and 
questionnaire responses.  The minimal response constraints of the 
ordered tree task provided considerable scope for subjects to decide 
upon the form of their response to the task.  The qualitative 
differences in ordered tree responses (See Figure 7.1) required the use 
of a set of measures which portrayed differences in graph type, that is 
the patterning or form of representation and relationships in the 
graph, and in the logic of the response, that is the basis for the 
relationships between the semes.
The graph type categories reflected differences in representations 
ranging from a listing of semes rather than presenting relationships 
between them, through the association or interconnectedness of semes to 
the hierarchical or sequential ordering of relationships between semes. 
 The logic categories identified differences in the form of additive 
relationships emphasising what is involved in or contributes to 
classroom management, sequential relationships which indicate the order 
in which different semes are to be considered or implemented, and 
consequential relationships featuring consequences or causes in the 
management domain.

Application of the measures
Differences in declarative knowledge structure were identified with 
both cross-sectional and longitudinal data.  Analysis of 
cross-sectional data (from Year 1, 2, and 3 student teachers and expert 
classroom managers) using these quantitative and qualitative measures 
indicated a movement from an unclassifiable or null structure through 
associate to hierarchical structured responses.  The responses of Year 
1 student teachers reflected low levels and forms of structure as 
evidenced in a higher incidence of associative type trees and the use 
of additive logic.  There was a higher incidence of hierarchical graph 
type and consequential logic amongst the Year 2 and 3 than the Year 1 
student teachers.  The extent of the hierarchical type and 
consequential logic was highest amongst the expert managers.  The 
experts also showed a medium to high integration and differentiation 
within their extensive declarative knowledge base.  The levels of 
integration and differentiation varied across the cohorts of student 
teachers with Year 1 student teachers having a low level of 



integration, Year 2 having low to medium integration, and Year 3 having 
low to medium integration and medium to high differentiation.
Schema changes over time were identified through the use of these 
measures in analysing longitudinal data.  The analysis of these data 
showed when schema changes had occurred and the nature of the change.  
The measures were also appropriate identifying when the schema was in a 
period of transition.
Discussion
This application of graph-theoretic concepts to the analysis of ordered 
tree task responses has provided a set of quantitative and qualitative 
measures which identified structural differences in participants’ 
schema responses.  The measures were applicable across tree and network 
type responses in both cases and extensive phase data.
We hope to develop the use of graph-theoretic methods applied to the 
data  of this study to include investigation of the use of 
information-theory and communication theory concepts, and the relation 
of information-content and concept linkages to changes and developments 
in concept structure.
Mowshowitz’s (1968) statistic measuring the information-content of a 

graph may have promise, but unfortunately his statistic cannot be 
universally applied in the present context since, from the perspective 
of information theory, the focus of interest relates to the 
partitioning of the node-set. Thus, for example, the graph G1 (Figure 
4) contains more information (in that technical sense) than G2. The 
fact that G3 contains no information at all is, however, relevant; a 
graph in which every concept or seme is linked to every other one 
contains zero information, in an information-theoretic sense, and that 
fact may be reflected in the present data-set in the apparent 
difficulty which students who produced such structures have in 
discussing their beliefs about management. 

  G1G2G3

Figure 4: Information in graphs

An issue which seems characteristic of graph-theoretic models of 
concept structures is that it may be beneficial to treat the resulting 
graphs sometimes as digraphs and sometimes not. It seems evident that, 
although disconnected graphs may contain more information in the sense 
used in information theory, that definition of information will not 
necessarily provide a good measure of the useability of the mental 
structure represented: any concepts which are completely independent of 
other concepts will have difficulty in fitting into a coherent 
structure of belief. It seems likely that the reachability of a concept 
from another, or perhaps the number of links between concepts, may 
reflect significant characteristics of mental organisation; again, as 
is the case with the information-theoretic measure, the most effective 
structure may be one which is neither too connected nor too 



disconnected. A unilaterally connected digraph structure may be ideal.
Conclusion
The identification and construction of appropriate and valid measures 
for analysing cognitive structure are important issues in studies of 
people’s thinking.  This area is of increasing importance because of 
the attention being given to graphic type response tasks, such as 
ordered trees.  The extension of the analysis tools beyond the 
substantive content of the response allows a more comprehensive 
analysis suited to the development of  grounded theories about the 
phenomena being studied.
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Ordered tree task
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