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Abstract. Process modeling skills are strongly subject to individual
differences in cognitive abilities. However, we lack systematic methods
to analyze how psychological mechanisms facilitating cognition influence
modeling skills.

In this study, we develop a method for a more ecologically valid analy-
sis of modeling behavior based on data from interviews, observations of
modeling sessions and literature review. The data was analyzed in a
bottom-up fashion and compared to existing models to construct a cod-
ing scheme, which was tested on four independent modeling sessions until
theoretical saturation was achieved.

The resulting categories of Abstraction, Reasoning, Monitoring, Shift-
ing, Working memory, Initiation and Planning were consistently applica-
ble to real modeling sessions. Future research may analyze behavioral
patterns within and across these categories to provide valuable insights
in the psychological mechanisms of how practitioners use modeling skills
and related cognitive processes.

Keywords: Process modeling · Abstraction · Executive control ·
Reasoning

1 Introduction

Process modeling is a cognitively challenging activity, strongly subject to indi-
vidual differences in performance [6,12,20,25,27]. Nevertheless, to the best of
our knowledge we currently have no systematic, objective way of analyzing the
cognitive aspects of modeling skills as it occurs in the practice of IT. Recent lab
evidence shows positive correlations between working memory capacity (WMC)
and process modeling quality [16], but correlations can only be taken as incen-
tives to further explore such facilitating mechanisms.

In this study, we pose the following research question: Which variables are
essential to observe in a method to analyze individual variability in cognitive
skills in modeling sessions? Our literature review has revealed a critical role for
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abstraction, relational reasoning and executive control in modeling [27]. Com-
patible with [16], evidence suggests that WMC expresses itself through executive
control [10,18] and is a critical facilitator of both abstraction [3] and reasoning
[13]. In this study, we validate these results firstly by comparing the findings
to the opinions of experienced modeling practitioners, and secondly by checking
whether the findings can indeed be made observable in real modeling sessions.
Finally, based on all our results, we develop an observation method for systematic
analysis of modeling skills. This method should provide more insight in the con-
text in which WMC is expressed by describing how reasoning, abstraction and
executive control manifest themselves in relation to each other and in relation to
the modeling process. This may give us insights in why modeling performance
is so individually variable, and allow us to train weak modelers in the specific
skills strong modelers exhibit most.

We begin by reviewing our key variables. Secondly, we describe our data col-
lection process and how we integrated the results with existing models to create
an observation scheme for behavioral analysis. Finally, we discuss implications
for future research.

2 Abstraction

Abstraction is one of the most difficult and most important modeling skills
[12,23,25]. The overarching term ‘abstraction’ refers to the process of performing
mental operations and simulations on a set of related objects without the objects
in question being present [19]. ‘Abstraction’ as a noun encompasses the static
component: mental representations. ‘Abstracting’ as a verb relates to mental
operations, such as instantiation and generalization, which can be applied to any
mental representation on any level of abstraction. In modeling, domain compre-
hension on an abstract level improves performance [15]. Additionally, abstract
comprehension encourages engagement in problem solving behaviors, such as
testing the consequences of model facts, which in turn improves overall model
quality [6].

Most of the literature focusing on quantifying abstraction has classified
abstraction into different levels, based either on mental imagery triggered by
the concept [8,22] or on observation of neural activation in response to seman-
tic prompts and relational reasoning tests [3]. All level classifications begin with a
highly concrete level, which is defined as a richly detailed mental copy of the real
object. Then, there are two or three gradually more abstract levels: one or two
medium levels of abstraction, which encompass generic names of objects allowing
us to know what one means well enough to hold a comprehensible conversation,
and a high level of abstraction which is devoid of most detail. When talking on this
level, if one does not know concrete domain processes and underlying infrastruc-
ture, comprehension is impossible. [21] specifically mentions that goal and focus
of abstraction levels shift as they change; each level of increased abstraction shows
different details which serve to specify certain systemic functions.
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3 Relational Reasoning

Relational reasoning is strongly associated with success in both modeling [6,15]
and problem solving in general [2,25]. [4] defines relational reasoning as “the
ability to consider relationships between multiple mental representations”. In
essence, it comprises the operational component of abstraction: mental opera-
tions one can perform to relate or modify abstract representations. One combines
experience, input from peers and existing model concepts and relations to form
new representations, through a process of understanding, integration and struc-
turing. The final result should meaningfully convey the model’s purpose. Some
of the most prominently occurring reasoning processes in the literature, which
we use as inspiration for our method, are making assumptions [1], drawing analo-
gies [9], explaining [25], elaborating [2], making inferences [2], integrating [26],
rephrasing [25], summarizing [11] and verifying [2].

4 Executive Control

Executive functions are a set of monitoring functions on one’s own behavior, pri-
marily focusing on control and coordination of responses to input which might
originate from the environment or from one’s own thoughts [14]. This is achieved
through processes such as inhibitory control, switching, working memory updat-
ing and monitoring [18]. Executive functions lie at the heart of modeling. A
modeler continuously engages in inhibition and switching as he performs such
diverse tasks as deducing and testing hypotheses on how model elements interact
[23,25]. He must interpret and comprehend this information, and match his own
mental representation with what other modelers are saying and writing [6]. He
must be able to switch between different levels of abstraction for viewing sys-
tem structures, focus his attention on different aspects of the problem in scope
and regulate and monitor his selection in case of multiple simultaneous inputs
[21,27]. Moreover, modelers should not only monitor themselves, but also others
as the discussion progresses [27]. At the end of the session, the modeler needs
to relate the modeling goals and the users’ needs to the model created to ensure
final model quality [24].

For ecologically valid, behavioral assessment of executive functions, several
models exist. The main concept they share is that the different dimensions
of executive functioning are all facilitated by a common underlying cognitive
process, such as working memory, which allows maintenance of a goal state,
and active evaluation of the current state against that goal state, to take place
continuously [18]. Examples are the Behavior Rating Inventory for Executive
Functions (BRIEF) [7] and educational assessment methods [5,17]. The BRIEF
focuses on both ecological and clinical assessment of behavior using the factors
Behavioural Regulation (BR), Emotional Regulation (ER) and Metacognition
(M), whereas the educational methods aim to assess the most important exec-
utive skills in education. A comparison of the models is shown in Table 1. It
is worth noting that in [5], Sustained attention is explicitly differentiated from
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Working memory to draw a distinction between maintaining focus and remem-
bering and manipulating information on the short term. Both Time management
and Goal-directed persistence are scales which are not formally measured by any
method in existence, because they are hard to assess within the context of a sin-
gle test. Nevertheless, in real settings such as education and modeling, these are
essential skills that will directly contribute to task achievement.

Table 1. A comparison of executive function models.

BRIEF [7] Dawson and Guare [5] Meltzer et al. [17]

Inhibit (BR) Response inhibition –

Self-monitoring (BR) – Self-monitoring

– Sustained attention –

Emotional control (ER) Emotional control –

Shifting (ER) Flexibility Shifting

Initiate (M) Task initiation –

Working memory (M) Working memory –

Plan/organize (M) Planning Planning

Organization of materials (M) Organization Organizing

Task-monitoring (M) Metacognition –

– Goal-directed persistence Goal setting

– Time management Prioritizing

5 Method

We first conducted exploratory interviews with modeling experts to verify
whether their notion of essential modeling skills matched with what theory
suggested to be essential modeling skills. The interviews were analyzed in a
bottom-up fashion, using aspects of grounded theory. Then, we observed mod-
eling sessions in IT industry. A small sample of these sessions was analyzed for
modeling skills in the same bottom-up way as the interviews. The results from
both the observations and the interviews were compared to the executive con-
trol models discussed above, from which a pilot observation scheme resulted.
This scheme was tested on four independent modeling sessions until theoretical
saturation was achieved, and revised to create a final observation scheme.

5.1 Expert Interviews

Five semi-structured interviews were conducted with experienced modeling facil-
itators, of which one was female and four were male. The sample included IT
architects with different specializations: an enterprise architect, a business archi-
tect and two application architects working for a Dutch bank. Also, a business
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engineer working for an international IT company was included to contribute
the perspective of one who was also involved with implementing solutions. An
interview guide was prepared with main questions and probes about how the
interviewees experience the facilitation of modeling sessions, what they consider
to be critical modeling skills, different types of stakeholder responses and how
they deal with them. The researcher provided scenarios, such as ‘what would
you do if you notice a participant in your session who does not manage to fol-
low along’, to stimulate the interviewees to think about what they would do
or consider most important in such cases. All interviews were audio-recorded,
by consent of the interviewees. Free talking was encouraged, with the researcher
only probing if further information was desired, or to keep the interviewees within
scope.

The interviews were analyzed directly from the audio files with Atlas.ti, fol-
lowing a grounded theory approach. Transcription was bypassed because the
essential meaning was conveyed by the broader discussion of topics, not via for-
mulations on word level. Firstly, open coding was applied to the interviews. No
specific unit of analysis was defined, codes were assigned to fragments of speech
which the researcher considered representative for the code in question. A few
examples of codes assigned to utterances (translated from Dutch) can be found
in Table 2. After open coding, the codes were grouped during a phase of axial
coding according to the emerging categories. Resulting codes were discussed with
an experienced IT professional for extra validation.

5.2 Observations of Modeling Sessions

We included observational research in our study because real-life modeling is
subject to many influences currently still unknown to us. For both codebook
construction and testing for theoretical saturation, a total of seven modeling ses-
sions were analyzed. One session took place at a Dutch bank and included an IT
architect, a program director and a program manager. No video recordings were
allowed but the researcher present wrote up one elaborate report immediately
after the session, describing actions done by session participants. Codes were
assigned to those actions, and to described responses by other participants. For
example, the reported sentence of “MV immediately began pointing out errors
in the Archimate model, mostly pertaining to teams that no longer existed or
had been merged” was coded as error monitoring.

The other sessions took place over the course of three months as part of a
larger IT project in a Dutch organization, active in the collective sector. The
sessions included a business analyst, a project leader, an architect and a change
manager. Camera and audio recordings were made with all participants’ consent.
A camcorder on a tripod was put up in a corner so that it would capture as much
of the scene as possible, without it being too obtrusive for the participants. The
researcher had been present at all sessions in a non-obtrusive manner. Before the
observations, the researcher had met and talked with all participants to get to
know them and get them accustomed to her presence. No interventions were done
during the sessions. The observations took place at the organizations’ offices,
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Table 2. Examples of codes assigned to utterances during the interviews.

Utterance Code Rationale

“we say okay, assume you are
leading a discussion about how
you as a company will put your
products in the market, will you
talk about the distribution
channels, you talk about how
you produce it”

instantiate The interviewee describes the
concept of how to put products
on the market and gives more
concrete examples, or instances,
of how to do this: via
distribution channels or the way
you produce the product

“that you went through it
properly yourself, that you took
out the essence and that in
advance, you shortly present
‘this is it . . . this is what I want
to discuss with you and eh . . . to
then go through the material for
an hour max”

abstract
essential
meaning

The interviewee talks about how
to prepare for a session: being
immersed in the details of the
situation and having abstracted
the essence of it so that he is
well prepared for which key
points to discuss

“you have to follow a very strict
line when you begin to denote
things . . . on the other hand you
have to learn to let go because
the danger of modeling is that it
becomes some kind of dogma”

scope
monitoring

The interviewee talks about the
difficulty of guarding scope on
the one hand, both with regard
to what to denote and how to
denote it in a model, and on the
other hand giving participants
some freedom so that new
interesting issues might emerge

and were typically rooms with whiteboards and brown paper sheets attached to
the walls. Participants were free to make sketches and notes in this way. The
final products were photographed, and resulting digital documentation was also
collected.

The recorded sessions were fully transcribed. We directly coded the utter-
ances of all participants using a grounded theory approach with Atlas.ti. A phase
of open coding was followed by two cycles of axial coding. During open coding,
the unit of analysis was a participant’s full turn, terminated only by an inter-
ruption or a natural reaction from another participant. Pauses between speech
but still continued by the same participant were taken to belong to a single
turn unless they exceeded 10 s. In addition to the emerging codes, each turn
was specifically assigned a level of abstraction, to monitor the flow of abstrac-
tion levels throughout the discussion. A certain amount of bias in formulating
codes resulted from the literature study on executive functions, but additionally,
many new codes were formulated which did not appear as such in existing lit-
erature. An example of a coded fragment (translated from Dutch) can be found
in Table 3.
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Table 3. Examples of codes assigned to a discussion fragment during the observations.

Who Utterance Codes Rationale

M2 “we do not achieve the
goal of the process, then
we can very easily say
that we change the goal of
the process”

reasoning:
inference;
switch:
propose
alternative;
monitor:
monitor goal;
abstraction
level:
abstract

In this fragment, M2 makes
an if-then inference, proposes
the alternative of changing
the goal of the process, but is
at the same time monitoring
the process goal by bringing
the discussion to goal
awareness. Finally, this
statement is made in very
abstract terms such as ‘goal’
and ‘process’. We do not
know exactly what details
are encompassed in this

M1 “no but maybe we should
also mention the outcome
of the process . . . so to say,
what is the most complete
input the process can
receive? What output is
possible from this process?
Well, complete eh
. . . complete and timely
registered income
information . . . goal can
also be that we do not
register them in the end”

monitor: test
proposition;
switch:
propose
alternative;
abstraction:
instantiate;
abstraction
level:
abstract;
abstraction
level: medium

This utterance proposes first
of all an alternative to the
goal problem pointed out by
M2 in the previous utterance.
Also, M1 tries to test his
proposition by making his
notion of output more
specific. This is immediately
an instantiation, an act of
abstracting to gain better
understanding. He starts on
an abstract level and lowers
it to a medium level, on
which we know more about
the output but still not on a
level of detail that talks
about tangible, visual objects

M2 “yes but then we have a
completely different goal
. . . and this one . . . has
nothing to do with the
registration of income
information”

monitoring:
inconsistency
detection;
monitoring:
monitor goal;
reasoning:
inference;
abstraction
level:
abstract

Here M2 makes the
inconsistency with M1’s
notion of output and the
modeling goal explicit, hence
both the inconsistency
detection and the goal
monitoring codes. He also
makes an inference by
implying that if M1’s notion
is true, then they have a goal
problem. He still talks on an
abstract level about goals
and income information
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6 Results

After categorizing the emerging codes from both the interviews and the obser-
vations, we compare the categories emerging from interviews and observation to
those found in the literature to construct a pilot observation scheme.

6.1 Pilot Observation Scheme

An overview of the resulting categories and codes obtained from the interviews
and the observations compared to the assessment items provided by existing
schemes described in the literature is provided in Table 4.

Table 4. A comparison of the categories from the interviews, observations and litera-
ture study.

Interviews Observations Literature Pilot scheme

Goal-directedness Goal-directedness Goal-directed
persistence

Goal-directedness

Initiation/
exploration

Initiation Task initiation Initiation

Maintaining
attention

Working memory Working memory/
sustained attention

Working memory

Mental flexibility Switching Flexibility/shifting Shifting

Monitoring Monitoring Metacognition/
monitoring

Monitoring

– Inhibition Response inhibition –

Reasoning
processes

Reasoning – Reasoning

Abstraction Abstraction – Abstraction

Communication/
people skills

– – –

Modeller
characteristics

– – –

– – Time management –

– – Organisation –

– – Planning –

– – Emotional control –

The categories in the pilot scheme can be defined as follows:

– Goal-directedness: Any act relating to any goals of the modeling session.
These can for example be modeling goals, planning goals or organizational
goals.

– Initiation: Any act relating to the start of a new task or discuss a new topic.
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– Working memory: Any act in which the modeler returns to a previously
mentioned topic or repeats and manipulates previously mentioned informa-
tion.

– Shifting: Any act relating to a switch in related topics or perspectives with-
out deviating from the main focus.

– Monitoring: Any act relating to monitoring the progress of the session,
the structure or content of the model, the way utterances are related to set
goals, comprehension of other modelers, guarding discussion scope and error
monitoring.

– Reasoning: Any process of considering multiple mental representations in
relation to each other.

– Abstraction: Any act of observing processes in more detail to gain better
understanding, or in less detail to gain better overview of the whole picture.

The categories of Goal-directedness, Initiation, Working memory, Shifting and
Monitoring, appear in the interviews, observations and the literature. It thus
seems justified to keep them as categories for the final coding scheme.

Response inhibition as measured by the items in the BRIEF or the edu-
cational models is extremely difficult to implement, as the educational models
are tailored to children whose inhibitory control is still developing, and most of
the BRIEF items, such as distractibility or impulsivity, are also not observable
in modeling sessions. The only items which could be observed were if people
broke off sentences halfway. This behavior appeared meaningless in the context
of modeling, therefore we follow [17] and do not include inhibition as a separate
category.

Reasoning and abstraction are both complex cognitive processes facilitated
to a significant extent by executive functions, but are not considered executive
functions themselves by existing measurement methods. In some studies, rea-
soning and abstraction are used as ways to observe executive function strength.
They are both critical processes in modeling, and therefore we will include them
in the coding scheme as the two main variables which will be examined in relation
to the different executive functions.

Communication/People skills and Modeler characteristics were factors peo-
ple only talked about in the interviews, when discussing their experiences from
a generalized point of view. When observing sessions, such factors cannot be
directly observed when the unit of analysis is defined as a single turn. There
thus seems to be no reason to include them.

The factors Time management, Planning, Organization and Emotional con-
trol typically span an individual’s functioning across a great many tasks. Within
the context of a single modeling session, these factors were also not observable,
and hence we have decided to exclude them from the final coding scheme.

6.2 Final Observation Scheme

We applied the pilot observation scheme to four further modeling sessions, taken
from the same project, to achieve theoretical saturation.
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Firstly, we found that coding Abstraction only in terms of concrete, medium
and abstract levels did not capture the essence of the variable. For example, a
modeler could be talking on a highly abstract level yet not be able to formulate
the type of elegant solution that would solve a modeling problem. Therefore, we
further refined Abstraction into semantic and relational abstraction, as in [3].
Semantic abstraction refers to the abstraction level of the words in an utterance,
relational abstraction refers to the number of relations between the concepts
discussed in an utterance. In this way, it became clear that, for example, seman-
tically abstract concepts can be used in concrete relations, and that this, if not
instantiated, can easily hide poor comprehension.

Secondly, we refined Reasoning into comparative and transformative reason-
ing processes. Transformative processes change the presentation of information,
but preserve the essence of its meaning. It includes rephrasing and summa-
rizing, but also instantiation and generalization, keeping the Abstraction cat-
egory purely for classifying the abstraction level of an utterance. Comparative
processes use two or more sources of input to derive some consequence for the
next step in the reasoning process. Examples are inferencing, verifying, assum-
ing and analogy. Furthermore, we merged codes which had significant semantic
overlap and were indistinct in practice, such as elaborate and explore.

Thirdly, we found that aspects of communication, such as different forms of
backchanneling, were after all critical to determine a modeler’s initial reaction to
a peer’s utterances. We hence added Communication as a supportive category.

Finally, we found that goal-related utterances occur either within the context
of a monitoring act, such as monitoring previously set process goals, or a plan-
ning act, such as articulating future session goals. Additionally, in these sessions
another participant made heavy use of other planning aspects such as organizing
modeling progress and articulating future actions. Therefore, we chose to elimi-
nate Goal-directedness as an independent category, to add a Planning category
into the coding scheme and to place the goal-related acts under both Monitoring
and Planning.

The final coding scheme thus consists of the following categories (a full
overview can be found on ilonawilmont.nl/codingscheme): Abstraction (Seman-
tic, Relational), Reasoning (Comparative, Transformative), Initiation, Monitor-
ing, Planning, Shifting, Working memory, Communication.

7 Discussion and Future Research

Our results strongly suggest that some aspects of executive control, in particular
Monitoring and, to some extent, Shifting, are more clearly observable in this
context than the more fundamental aspects such as Inhibition, Working memory
and Emotional control. This does not mean that the fundamental processes do
not play an important role, it simply shows that defects in the fundamental
processes may no longer be so obvious in a working context as they might have
been when they were still developing in a school setting. Nevertheless, this may
be indicative of appropriate inhibition given the context. In future studies, we



Behavioral Analysis of Modeling Skills 69

will therefore have to examine the relation between individual measures of both
fundamental and metacognitive executive functions, abstraction and reasoning,
and the behavioral patterns obtained through analysis with our method.

The scope of this study was limited to making observable abstraction, rea-
soning and executive control processes in a real modeling setting. In future work,
we will analyze this data to come to actual patterns of modeling behavior. A
potential technique for this is process mining. When assigning the quotations in
Atlas.ti directly to the video fragment, one also has the duration of a cognitive
process, and a process mining tool could then show how long people engage in
certain cognitive processes, and how they consecutively follow up on each other.
Analysis should also focus on the relations between the different categories and
individual codes to understand the collaborative process of modeling. Which
codes co-occur most frequently? What is the effect of this cluster of behaviors
on other modelers in the session? Do they follow and continue the line of rea-
soning, or do they apply corrections?

Finally, at the current stage of research, we are left with the issue that we have
no full inter-rater reliability score for the coding scheme. This will be resolved
once we have applied the coding scheme to our full dataset of observations.

8 Conclusions

We have described how we have developed an observation method to analyze
critical modeling skills, in particular abstraction, reasoning and certain execu-
tive control functions in real modeling sessions. We have compared results from
expert interviews, observations and the extensive literature on abstraction, rea-
soning and executive control to construct an observation scheme. The resulting
categories from the different data sources were remarkably consistent, of which
Abstraction, Reasoning and Monitoring were most prominently present. Exam-
ination of the relations between codes and consecutively occurring groups of
codes promises to provide insights in how psychological processes facilitate col-
laborative modeling.

References

1. Arthur, W.B.: Inductive reasoning and bounded rationality. Am. Econ. Rev. 84(2),
406–411 (1994)

2. Chin, C., Brown, D.E.: Learning deeply in science: an analysis and reintegration
of deep approaches in two case studies of grade 8 students. Res. Sci. Educ. 30(2),
173–197 (2000)

3. Christoff, K., Keramatian, K., Gordon, A., Smith, R., Mdler, B.: Prefrontal orga-
nization of cognitive control according to levels of abstraction. Brain Res. 1286,
94–105 (2009)

4. Crone, E.A., Wendelken, C., Van Leijenhorst, L., Honomichl, R.D., Christoff, K.,
Bunge, S.A.: Neurocognitive development of relational reasoning. Dev. Sci. 12(1),
55–66 (2009)



70 I. Wilmont et al.

5. Dawson, P., Guare, R.: Executive Skills in Children and Adolescents: A Practical
Guide to Assessment and Intervention. Guilford Press, New York (2010)

6. Gemino, A., Wand, Y.: Evaluating modeling techniques based on models of learn-
ing. Commun. ACM 46(10), 79–84 (2003)

7. Gioia, G.A., Isquith, P.K., Retzlaff, P.D., Espy, K.A.: Confirmatory factor analysis
of the Behavior Rating Inventory of Executive Function (BRIEF) in a clinical
sample. Child Neuropsychol. 8(4), 249–257 (2002)

8. Goldstein, K., Scheerer, M.: Abstract and concrete behavior: an experimental study
with special tests. Psychol. Monogr. 53(2), 1–151 (1941)

9. Green, A.E., Fugelsang, J.A., Kraemer, D.J.M., Dunbar, K.N.: The micro-category
account of analogy. Cognition 106(2), 1004–1016 (2008)

10. Kane, M.J., Conway, A.R., Hambrick, D.Z., Engle, R.W.: Variation in working
memory capacity as variation in executive attention and control. In: Conway,
A.R.A., Jarrold, C., Kane, M.J., Miyake, A., Towse, J.N. (eds.) Variation in Work-
ing Memory, pp. 21–48. Oxford University Press, New York (2007)

11. King, A.: Discourse patterns for mediating peer learning. In: Cognitive Perspectives
on Peer Learning, pp. 87–115. Routledge, London (1999)

12. Kramer, J.: Is abstraction the key to computing? Commun. ACM 50(4), 36–42
(2007)

13. Kyllonen, P.C., Christal, R.E.: Reasoning ability is (little more than) working-
memory capacity. Intelligence 14(4), 389–433 (1990)

14. Logan, G.D.: Executive control of thought and action. Acta Psychologica 60(2–3),
193–210 (1985)

15. Manktelow, K., Fairley, N.: Superordinate principles in reasoning with causal and
deontic conditionals. Think. Reason. 6(1), 41–65 (2000)

16. Martini, M., Pinggera, J., Neurauter, M., Sachse, P., Furtner, M.R., Weber, B.: The
impact of working memory and the process of process modelling on model qual-
ity: investigating experienced versus inexperienced modellers. Scientific Reports 6,
25561, May 2016

17. Meltzer, L. (ed.): Executive Function in Education. The Guilford Press, New York
(2007)

18. Miyake, A., Friedman, N., Emerson, M., Witzki, A., Howerter, A., Wager, T.:
The unity and diversity of executive functions and their contributions to complex
frontal lobe tasks: a latent variable analysis. Cogn. Psychol. 41(1), 49–100 (2000)

19. Piaget, J.: Zes Psychologische Studies. Van Loghum Slaterus (1969)
20. Pinggera, J., Zugal, S., Weidlich, M., Fahland, D., Weber, B., Mendling, J., Reijers,

H.A.: Tracing the process of process modeling with modeling phase diagrams. In:
Daniel, F., Barkaoui, K., Dustdar, S. (eds.) BPM 2011. LNBIP, vol. 99, pp. 370–
382. Springer, Heidelberg (2012). doi:10.1007/978-3-642-28108-2 36

21. Rasmussen, J.: The abstraction hierarchy. In: Information Processing and Human-
Machine Interaction: An Approach to Cognitive Engineering, pp. 13–24. North-
Holland (1986)
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