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Abstract
This article explores the problem how Personal Professional Theories (PPTs) develop.
PPT development of nine junior accountants and nine novice teachers was monitored
by repeated measurements over a period of one-and—a-half year, from the last year of
vocational education until the second year of their professional careers. Concept maps
were used at three moments to test hypotheses derived from theories on expertise
development. It could be concluded that on average PPTs became more complex, the
PPTs of teachers also became richer, but the generality of PPTs did not significantly
increase. (Dis)appearance of concepts and changes in their importance were observed
and appeared dependent on the professional environment of the participants. The
findings indicate that PPT development is an important manifestation of expertise

development and the concept map method appears suited to reveal it.
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Introduction
A personal professional theory (PPT) is a personal knowledge base stored in the long-
term memory of a practitioner. It contains the semantic, procedural and practical
knowledge, together with norms, values, goals and self-knowledge, needed to do
one’s job as one sees fit, assimilated and accommodated into mental schemata
(Schaap, De Bruijn, Van der Schaaf, & Kirschner, 2009; Schaap, 2011).

The importance of the construct PPT originates in theories on expertise
development. According to van der Heijden (1998) these theories have undergone
three paradigm shifts: (1) from power based to knowledge based, (2) from focussing
on forming powerful routines to emphasizing flexibility, and (3) from innate to
resulting from extended and deliberate training and practice. The first shift claims that
understanding expertise is not “the identification of a few powerful techniques, but
rather the question how to represent large amounts of knowledge that permits their
effective use and interaction” (Goldstein and Papert (1977) as cited by van der
Heijden, 1998, p. 32). This is where a PPT fits in, as it serves its owner as an
individual frame of reference for professional actions (Schaap et al., 2009). It is also
relevant in regard to the second and third paradigm shifts, as flexibility and deliberate
practice require self-regulation and thus personal goals and self-knowledge (Bandura,
1991). That is why a PPT functions as a frame of reference for the acquisition and
interpretation of new professional knowledge and experiences over time within the
domain of expertise and when making a transfer across different domains (Schaap et
al., 2009).

The construction of one’s PPT starts in vocational education or at university
and continues during his/hers professional career (Schaap, de Bruijn, & van der

Schaaf, 2007). Although research on expertise development has a long tradition in
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cognitive psychology (Chi, Feltovich, & Glaser, 1981; de Groot, 1965; Vaatstra,
1996), it is not really clear how PPTs develop (Schaap, van der Schaaf, & de Bruijn,
2011). Research on the development of PPTs has to answer several interrelated
questions such as “What are the changes over time in PPTs?” and “What causes or
influences these changes?” Both questions are important because when we know how
PPTs develop, ways can be designed, developed and tested to stimulate their
development. This study focuses primarily on the first question: “What are the
changes over time in PPTs?” The second question is addressed in so far that based on
literature, a specific period was chosen in which PPT development could be expected.
It is therefore reasonable to assume that characteristics of this period will contribute to
the development.

To answer the first question, a method has to be available to represent PPTs
since they are mental constructs and not observable directly. Van den Bogaart,
Schaap, Hummel, and Kirschner (submitted b) developed and validated a method to
represent PPTs by means of replenished, annotated, open concept maps. The
production of such representations consists of three steps: 1) the construction of an
open annotated concept map, 2) a semi-structured interview on the concept map, and
3) insertion of the relevant data from the interview in the concept map. The nodes in
the maps denote concepts, the main semantic elements of professional theories. The
links denote relations between concepts. Relations clarify the meaning of concepts, as
do annotations. Annotations offer also the possibility to attach to concepts procedural
knowledge, goals, norms and values in which these concepts are used (van den
Bogaart et al., submitted b). This way the representations offer both a global overview

of PPTs and the possibility to highlight details.
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However, this method of representing PPTs has some limitations. First, the
representations offer a limited amount of information on PPTs. The construction of a
concept map takes no longer than two hours, after that fatigue occurs. This restricts
the number of concepts, relations and annotations. As a consequence, the
representations may lack detailed information on the structure of chunks of possibly
compiled or encapsulated knowledge (Schmidt & Boshuizen, 1993). In addition, the
concept map provides a momentary, static, and subjective image of a PPT. How its
content is actually used by its owner remains hidden. For instance it remains unclear
whether a primary concept in a map really is important for its owner in the sense that
it is often used (Buitink, 1998). With these limitations in mind the conclusion can be
drawn that concept maps might be suited to study the development of PPTs.

The foregoing led to the aim of the study: to research the development of
PPTs by means of their representations by replenished, open, annotated concept maps.
To achieve this aim, it is discussed in the theoretical section: (1) what are possibly
relevant PPT development indicators connected to changes in concept maps (and what
hypotheses can be formulated related to them), and (2) in what period development
might be observed to test the hypotheses. The theoretical analysis in the next section
will lead to four hypotheses and is illustrated with examples from two domains:
accountancy and teaching English as a foreign language. The domains are chosen
because they are opposites of each other from a certain point of view: accountancy is
a highly protocollised domain contrary to the less structured teaching domain with its
twofold knowledge base (subject- and teaching-knowledge) (van den Bogaart et al.,

submitted b).

Theoretical Background
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The derivation of hypotheses concerning PPT development indicators
The derivation consisted of three steps.

The first step was to characterise aspects of professional expertise
development which might be relevant in the development of PPTs. According to van
der Heijden (1998) expertise development can be characterised, domain
independently, by changes in five dimensions which can be found in more recent
literature too: (1) professional knowledge, the theoretical and practical knowledge
(Schaap, et al., 2011) necessary to execute professional tasks, (2) meta-knowledge,
which is important in goal setting, monitoring task execution and self-regulating
(Kereluik, Mishra, Fahnoe, & Terry, 2013), (3) skills, narrowly connected to
procedural knowledge (Baartman & de Bruijn, 2011), (4) flexibility, coming from the
need to adapt and innovate (Piore, 2002), and (5) social recognition, both by
colleagues in the same profession and by the purchasers of services the practitioner
provides (Dalton, Thompson, & Price, 1977; Moline, 1986). In these five dimensions
the cognitive, social and motivational aspects of expertise are combined. For instance,
“motivation to monitor one’s own achievements is crucial for the enlargement of
one’s knowledge and skills and for the acquisition of flexible expertise” (van der
Heijden, 1998, p. 61). The higher someone is rated along the five dimensions, the
higher the probability is of excellent performance and of being recognised as an
expert.

The second step entailed the formulation of suppositions on the development

of PPTs in the five dimensions. An overview of the suppositions is given in Table 1.
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In the third step these suppositions were transformed into four hypotheses
using suitable indicators.

The first hypothesis is about the complexity of PPT concept maps. This quality
can be validly operationalized as the degree the content of a concept map is
interconnected by relations (Sweller, 2006; van den Bogaart, Bilderbeek, Schaap,
Hummel, & Kirschner, 2016). The degree can be calculated as a percentage. By
definition a concept map is 100% complex if all its concepts are connected with at
least three other concepts. It can be expected from the description of the knowledge
dimension that at least in the beginning of a professional career the concept map of a
PPT might become more complex. The reason for this is that the practitioner becomes
aware of new connections and influences in his/her field of expertise. As argued in
Table 1, complexity might decrease because knowledge (including relations)
disappears from a representation because it is seldom used or becomes encapsulated.
However in both cases the effects on complexity might be weak. In case of
knowledge seldom used this might be the case, because it is likely that the
disappearing knowledge elements are not connected strongly in the concept map,
otherwise they could not disappear so easily. In case of the encapsulation of
knowledge the effect might be weak in the beginning of a professional career.

The second hypothesis is about the richness of PPT concept maps. This
quality has been operationalized as a combination of (1) the level of uniformity with
which the content of these maps is distributed over six domains of professional
knowledge: vocational field, organisations, professional environment, target groups,
technical-instrumental knowledge and self-knowledge and development, and (2) the

degree to which each domain is present to a sufficient extent. Again the level of
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richness can be calculated as a percentage, using a formula derived from ecology to
express species diversity in an ecosystem (van den Bogaart et al., 2016). From the
description of the two knowledge dimensions and the social dimension in Table 1 it
can be expected that PPT concept maps become richer. As self-knowledge,
organisational knowledge and domain knowledge increase, technical-instrumental
knowledge becomes self-evident and thus less prominent, while the importance of
target-group knowledge rises, the content of PPT concept maps becomes more
uniformly distributed over the six domains.

The third hypothesis about PPT development uses a new indicator to measure
changes in the level of generality of concepts in PPT concept maps that will be
operationalized in the method section. It is not clear from the suppositions in Table 1
how the level of generality might develop, as there are several opposite tendencies
that may influence it. On the one hand (important/primary) concepts might become
more general in time, due to compiling processes and the generation of flexible
applicable knowledge. On the other hand the appearance of new concepts might
diminish the average level of generality because they might be of a particular nature
as they refer to individual experiences. As it is not clear whether there is a dominant
tendency in a given stage of a professional career, the third hypothesis connected with
this indicator simply states that the average level of generality of concepts in a PPTs
concept map changes.

Finally, the description of PPT development in Table 1 implies that it might be
possible that professional knowledge disappears from PPTs because it is seldom used
in practice or that its content changes because the PPT owner changed some of his/her
professional views possibly due to influences of his/her professional environment,

new experiences and/or new knowledge he/she acquires (Clarce & Hollingsworth,
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2002). This is the fourth hypothesis. The disappearance of professional knowledge
from a PPT could be detectable from concept maps as the disappearance of concepts.
View changes could become visible as changes in a map’s structure, such as a change
in the order of concepts. If a primary concept develops into a sub-concept, this could
be interpreted as an indication that the concept becomes less important in a PPT
(Huyts, de Bruijn, & Schaap, 2011).

From Higher Vocational Education into the beginning of a professional career

There is evidence that PPTs develop slowly. Schaap et al. (2011) followed students of
senior secondary vocational education during 40 weeks without measuring significant
changes in their PPTs. In another study reported in Schaap’s dissertation (2011), an
effort was undertaken to stimulate the development of PPTs of students by means of
discussions with their teachers on critical situations. Again no substantial effects were
measured. The slow development could be explained by the fact that the content of a
PPT is stored in long-term memory, which takes time (Sweller, 2006). In addition, it
could also be that the nature of the curriculum does not provide a sufficiently strong
stimulus for the transformation processes described in the preceding section (Schaap,
2011; Schmidt & Boshuizen, 1993).

A powerful source for PPT development comes from the confrontation with
practice. For vocational students this starts with their periods of workplace learning
(i.e., apprenticeships) (Eraut, 2009). Although the transfer of knowledge between
school and workplace cannot be taken for granted, learning effects seem to be
significant (Schaap, Baartman, & de Bruijn, 2012). There is also evidence that PPTs
develop during the first years of a career. After completing vocational education and
thereby closing the pre-professional phase, one enters what is called the induction

phase (Vonk, 1995). Both for novice teachers and accountants research indicates
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strong effects on professional and personal development in this period culminating
ultimately in a decision to stay (retention) or to leave the profession (attrition) (Chan,
Monroe, Ng, & Tan, 2008; Helms-Lorentz & Maulana, 2015). The first (two) years of
the induction period are called the threshold-phase (Vonk, 1995). From the
perspective of PPT development this phase is particularly interesting because here the
perspective of the novice on the profession changes. The beginning teacher struggles
to accept his/her role and tries to cope with the new responsibilities. Identification
with pupils comes to an end, as well as the perspective on good teaching based on
experiences as a learner (Vonk, 1995). Junior accountants have to accept their role as
an intermediate between client and society. Their technical-analytical skills have to be
put at the service of business awareness, soft skills and knowledge of the ‘real world’
(Gracia, 2010; Kavanaugh & Drennan, 2008).

Research questions

The aforementioned led to four specific questions regarding the transition through the
threshold-phase:

(1) Do concept maps of PPTs get more complex? (2) Do PPT concept maps become
richer? (3) Does the average level of generality of their concepts change? (4) Do
PPTs’ concept maps manifest (dis)appearance of concepts or changes in their order?
The choice for two domains (teaching and accountancy) where these questions will be

answered, makes it possible to compare developments in both domains.

Method
A small group study with a repeated measurements design was conducted with a
group of nine junior accountants and a group of nine novice teachers. Both groups

were followed from April 2014 till October 2015. In this period each participants
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constructed and discussed three annotated concept maps of his/her PPT (i.e., April
2014, December 2014, October 2015). More frequent mapping did not seem
necessary considering the slow development of PPTs. Analysis of the concept maps
with respect to complexity, richness, generality, the (dis)appearance of concepts and
to changes in structure led to the answers on the four research questions.
Participants

At the start of the study (April 2014) all participants were students of accountancy or
teachers in training, in their last semester of their fourth and last year at a regional
university for higher vocational education in the Netherlands. Although the students
differed in the number of credits they had yet to obtain to graduate, in principle each
would graduate that summer. The study started with 23 students accountancy and 16
student teachers who had a foreign language as their subject, but when it came to the
second measurement in December 2014, only 9 accountancy participants that had
graduated remained: 3 male, 6 female, M, = 22 years, SD = 1 year, and also 9 novice
teachers that had recently graduated: 4 male, 5 female, M, = 23 years, SD = 2 years.
The rest had not finished their education yet, was not working in the profession they
were trained for, or could not participate for personal reasons. These same 18
participants also participated in the third and last measurement in October 2015. One
participant changed jobs just before the last measurement. Three participants changed
jobs immediately after the measurements were completed.

Instruments

The construction of the concept maps of the PPTs was executed in two steps. First,
each participant constructed a map supported by a module of the dedicated computer
program BrainWeaver® (van den Bogaart et al., 2016). The module allows drawing

open concept maps with focus “As an accountant/teacher I have professional
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knowledge of and judgements on ..”. The concepts and relations in the maps can be
explained by subjoining examples or clarifications. Then, to generate as much
information on the PPTs as possible, each map was discussed in a semi-structured
interview with its owner and the information from the interview was used to update
the map (van den Bogaart et al., submitted b).

In the second and third measurement the questions in the semi-structured
interview also referred to the differences with the preceding concept map and to the
learning process the interviewee had gone through since that last interview. The
degrees of complexity and richness of the concept maps, replenished with the
information from the interviews, were expressed as percentages and calculated by
trained assessors supported by the assessment module of BrainWeaver® (van den
Bogaart et al., 2016).

To compare two replenished concept maps with regard to their level of
generality, an adaptation of a method introduced in van den Bogaart et al. (submitted
a) was used. First both maps were pruned. This means that all relations between
concepts expressing that one concept is a part or an example of the other as well as
exemplary concepts are deleted from both maps. That a concept is a part or example
of another can be derived from relations such as ‘consists’ or ‘contains’. For example,
the concept “annual account” contains the concept “profit and loss account”.
Subsequently, exemplary concepts (‘“profit and loss account”) and their annotations
are inserted as annotations into the related, comprising concepts (“annual account™).
Then each pruned map was awarded with one point for every concept that is a
generalisation of one or more concepts in the other map. By definition, a concept is a
generalisation of another concept if and only if the extension of the second concept is

part of the extension of the first. In this definition the extension of a concept is the set
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of all knowledge-elements belonging to the concept. For example the concept
“classroom management” is a generalisation of the concepts “keeping order in the
classroom” and “keeping track of time” (van den Bogaart et al., submitted a).
Deciding if a concept is a generalisation of another proved reliable as tests showed
that trained assessors agreed on the awarding with grades (van den Bogaart et al.,
submitted a). Finally, the map with most points was considered more general as the
other.

Comparing all three maps of a participant pairwise made it possible to rank
them according to the level of generality. The most general map got ranking one, the
second got two and the least general map got ranking three. (If the rankings of two
maps were the same, the map with the highest number of points for generality ‘won’.)
Analysis
To analyse the concept maps in relation to the first three research questions, the
complexity and richness of each map was determined, as well as its generality
ranking. This led to three Hyp-hypotheses in each domain, assuming that the
complexity, richness and generality of the concept maps would stay the same. The
hypotheses on complexity and richness were tested by means of one-way repeated
measures ANOVA’s. The hypothesis on generality was tested by means of a
Friedman two-way ANOVA as the variable ranking number is of ordinal type.

To answer the fourth research question, the first and second concept maps
were searched for concepts that did not appear in respectively the second and third
concept map and for changing opinions. Such changes were detected on the basis of
two indicators: changing of a concept from primary to non-primary or the other way
around, and conflicting annotations in successive concept maps.

Procedure



THE DEVELOPMENT OF PERSONAL PROFESSIONAL THEORIES 15

In January 2014 the fourth year students Accountancy and Teaching with a foreign
language as their subject were told the goals and design of the study and were invited
to participate. Six students could not participate due to personal reasons. All
participating students received a thorough explanation of what a PPT was and how a
representation of it could be constructed by means of a concept map and an interview.
In the first measurement (April 2014), 39 concept maps were constructed and 39
interviews were held. As explained, these numbers reduced to 18 in the second
(December 2014) and third measurement (October 2015). The construction time of
the concept maps was between 45 and 75 minutes and did not differ between the three
measurements. The day after completing the concept map in BrainWeaver
participants received a PDF of their map and annotations. Within a week, a follow-up
interview was held to discuss the concept map. In the second and third interviews, the
differences with the preceding map and the learning experiences since the preceding
interview were also discussed in the interviews. The interviews took between 30 and
45 minutes and were carried out via telephone. (Two, final interviews were held face
to face, because the interviewees wanted to say good bye. The questions in these two
interviews were the same as in the telephone interviews and interaction was
minimized: the interviewee looked at his/her concept map and answered the
questions.) All participants expressed that participation in the study was sometimes
difficult due to heavy workload, but was enjoyable too and provided them with a
valuable opportunity to reflect on the development of their views on the profession.
In each domain, two staff members of the university who already assisted in
earlier studies (van den Bogaart et al., 2016; van den Bogaart et al., submitted b; van

den Bogaart et al., submitted a) cooperated in the determination of the values of the
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three indicators. Changes in the order of concepts accompanied with changes in label

(i-e., “social skills” changing into “soft skills””) were discussed with the assessors too.

Results
Table 2 displays the mean values and standard deviations for complexity, richness and
the mean generality ranking of the three replenished concept maps in each domain.

Table 2. The development of complexity, richness and generality

First concept map  Second concept map  Third concept map

M (SD) M (SD) M (SD)

Complexity 44 (13) 44 (14) 69 (10)

Accountants  Richness 56 (16) 65 (9) 70 (12)
Mean Generality Rank 1.8 2.2 2.0

Complexity 44 (17) 58 (15) 73 (9)

Teachers Richness 54 (8) 67 (18) 76 (14)
Mean Generality Rank 2.3 2.1 1.6

Shapiro-Wilk statistics indicated that in both domains the normality
assumption was supported for complexity and richness. The largest F,,, was 4.5,
demonstrating homogeneity of variances in all four cases, and Mauchly’s test
indicated sphericity. The ANOVA results show that in both domains the complexity
of the concept maps changed in time with substantial effect size:

Faccountanss(2,16) = 14,23, p<.001, 15, = .64 and Fleacners(2,16) = 11.55, p<.001,

1712, = .59. Pairwise comparisons revealed that the maps in third measurement were
significantly more complex then the maps in the first two measurements. For richness,
we see a similar increase for both groups, but only the results of the teachers were
significant: Fecountanis(2,16) = 3,23, p = .066, partial nz = .29 and

Freachers(2,16) = 5.61, p = .014, 1712, =.41. Additional information on richness can be
found in the distribution over the six domains of knowledge in the concept maps, as is

shown in Table 3.
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Finally, the Friedman two way ANOVA revealed no significant differences
between the levels of generality of the concept maps in the three measurements,
respectively: X7 accountants =-69, df = 2, p = .7 and X7 reachers = 4.0, df =2,
p=.14.

Table 3. The relative frequencies of the domains of knowledge

Accountants Teachers

First Second Third First Second Third
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Vocational Field Knowledge 12 (8) 11 (8) 8 (6) 4(4) 505 74)
Organisations 4(5) 9(12) 4(4) 9(7) 12 (10) 11 (6)

Professional environment 22 11 (4) 14 (7) 1(1) 9(5) 9 (6)
Target group 9(7) 12 (10) 9(5) 12 (8) 12 (5) 20 (6)
Technical-instrumental 58 (17) 43 (17) 47 (14) 62 (12) 48 (19) 38(11)
Self-knowledge 12 (8) 15(9) 18 (3) 13 (10) 15(9) 15(7)

Four typical replenished, pruned concept maps are depicted in Figures 1, 2, 3
and 4. Two maps (Figures 1 and 2) were constructed by a participating (student)
accountant in respectively the first and the third measurement. The other two (Figures
3 and 4) were constructed in the same measurements by a participating (student)
teacher. For the sake of clarity only the annotations of one concept are shown.

In regard to the fourth and last hypothesis, Table 4 shows the numbers of
primary concepts and for the second and third measurement the numbers of lower
order concepts that were primary in the preceding concept map. The primary concepts
in the second and third concept maps are itemized according to their status in the
preceding map. All numbers were calculated from pruned maps. To keep Table 4
concise, two numbers were not included but they can be calculated from the data in

the table: the total number of primary concepts in the second and third measurement

((a) + (b) + (c)), and the number of disappearing concepts in these measurements:

the number of primary concepts in the former measurement minus (a) and (d).
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Table 4. Numbers of primary concepts

Measurement ~ Order of concepts Origin Accountants ~ Teachers
First Primary 63 67
(a) Primary in 50 4
first measurement
Primary (b) Of lower order in 2 )
Second first measurement
(c) New 18 13
Of lower order (d) Primary in 8 11
first measurement
(a) Primary in 55 41
second measurement
Primary (b) Of lower order in 2 3
Third second measurement
(c) New 7 10
Of lower order (d) Primary in 8 10

second measurement

Characteristic new primary concepts appearing in the second or third
measurement of the accountants were: “knowledge of one’s office”, “cooperation
with colleagues and with clients”. “Advising clients” appeared in two maps as a
primary concept and disappeared from three maps. In four accountants’ maps the
concept “controlling” disappeared. In six maps “bookkeeping” developed from a
primary concept into a concept of lower order or disappeared. Characteristic new
teachers’ concepts from the second or third measurement were: “knowledge of one’s
own school” (e.g., cooperation with colleagues, culture of the school, importance of a
healthy working climate), “parents”, “the environment of the school” and
“mentoring”. “Differentiation” was a characteristic concept that disappeared from a
number of teachers’ concept maps (and sometimes reappeared again in the following).
In two cases “subject knowledge” (e.g., knowledge of the foreign language)
developed from a primary concept into a concept of lower order. Besides changes in

the order of concepts and the (dis)appearance of concepts no other signs of changing

opinions were found. In the interviews following the construction of the concept maps
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the order changes and (dis)appearances of concepts were discussed. This led to
explanations such as “In school I have learned that this concept was important, but I
have experienced that other concepts are more important” and “This concept has
disappeared from my map because I do not use it in every day practice”.

When asked about their development, all participants indicated that in their
view both the period between the first and the second measurement and the period
between the second and the third were periods in which there was strong professional
development. The accountants gave as the main sources of their development new
experiences with clients and cooperation with colleagues. The participating teachers

did not mention the second source.

Conclusion and Discussion
Regarding the first two research questions analysis of the data leads to the conclusion
that the PPT concept maps of both the junior accountants and the novice teachers
became more complex in the 1.5 years studied. Increase of richness could only be
established in case of the novice teachers.

The increase of complexity and richness are in accordance with the arguments
given the theoretical background. The increase of richness can also be deduced from
the data in Table 3, as the distribution of annotations over the six objects of
knowledge is clearly more uniform in the third measurement as compared with the
two former measurements. In particular the decrease in the technical-instrumental
domain and the increase in the domain target group are noteworthy and in accordance
with what is known about the development of novice teachers (Vonk, 1995). The
same tendencies can be deduced from the accountancy data in Table 3, however

analysis showed the differences not to be significant (p = .066). A possible
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explanation for this might be that junior accountants often have desk functions at the
beginning of their careers with limited contact with clients (Eraut, Steadman, Furner,
Maillardet, & Blackman, 2004; Jeacle, 2008). The results suggest that both
complexity and richness might be important development indicators. However, there
is probably an important difference between the two. After all, the definition of
richness implies that the richer a PPT is the more suited it is to support practice. The
reason for this is that richness measures if all important aspects of a profession are
present to a sufficient extent in a PPT as well as if they are uniformly distributed over
the PPT. The consequence is that if one PPT is less rich than another one, the owner
of the first PPT has less knowledge of one ore more aspects of his/her profession then
the owner of the latter. This conclusion cannot be drawn for complexity: for instance
a very complex PPT could load working memory thereby preventing energetically,
appropriate professional judgements (Sweller, 2006).

Regarding the third research question, significant changes were not found in
the level of generality of the concepts maps in either of the two domains. Given the
analysis in the theoretical section, the reasons for this are not clear. It could be that
there were opposite tendencies: some primary concepts became more general due to
the formation of larger knowledge units, while others became more particular due to
new individual experiences. Some examples of both developments were found such
as in the teaching domain: “maintaining order” and “teaching methods” developing
into “classroom management”, and “knowledge of pupils” into “supporting pupils
with learning problems”. The first development might be interpreted as a sign that a
scheme, “classroom management”, has been formed in which already existing
schemata, “maintaining order” and “teaching methods”, were incorporated (Sweller,

van Merrienboer, & Paas, 1998). The second development might be caused by the
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fact that all attention was focused on helping pupils with learning problems, while
other aspects of the support for pupils were automated or were paid less attention. If
these interpretations are correct, they can be considered as indications that the level of
generality of concepts in a PPT concept map is a relevant indicator of professional
development. However, it is also possible that that there was no other reason for the
changes in the labels of concepts than accident: a constructor has to choose labels
while drawing a concept map.

Regarding the fourth research question the data from Table 4 show
(dis)appearance of substantial numbers of concepts as well as changes in order. For
instance (only) 63% of the teachers’ concepts of the first concept maps appeared
(whether or not generalised) in the second maps (42/67), and 40% of the primary
concepts in the teachers’ first maps became of a lower order in the second ones (13)
or disappeared (14 = 67 — 42 — 11). The percentages derived from the accountants’
data are of a similar order of magnitude. The given explanations in the interviews
refer to working conditions and experiences in practice as the cause for these changes
(Vonk, 1995).

Order changes and the disappearance of concepts might be interpreted as an
indication that certain subjects which are important ‘in theory’, are less important in
practice. However, this interpretation is debatable, as research indicates that
professional concepts which fade into the background in the beginning of a
professional career, could become important after a certain degree of professional
ripening has taken place (Messner & Reusser, 2000).

Combining the results on all four research questions, the conclusion can be
drawn that there has been substantial PPT development both in the accountant group

and in the teacher group regarding complexity, richness (only for the teachers) and
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content. Although PPT development seems to be slow, the duration of the study and
the chosen period allowed development to be measured. Moreover, PPT development
seems to be in accordance with conjectures from expertise development. Both
conclusions suggest that PPT development is an important aspect of expertise
development and the concept map method is suited to elicit it. This means that
concept maps could be used as a counseling instrument in the induction period
(Helms-Lozentz & Maulana, 2015). These claims need to be tempered as they were
only made in two domains. More measurements in different domains have to taken.
Moreover, different and more precise instruments have to be applied to get a more
complete picture of PPT development and its relation with expertise development
(Kagan, 1990; Vaatstra, 1996; van de Wiel, 1997). Finally, constructing concept maps
is not a ‘natural ability’ leading to unique representations (Edmonson, 2000). This
means that a part of the observed changes in concept maps could be caused by
accidental factors, which have nothing to do with changes in PPTs. This is another

reason for more measurements.
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