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Abstract
Dual physicist and psychologist Shaw (1989) published an account speculating
on the modelling of a series of feedback loops within the structure of the creative process following a series of in-depth interviews with 12 scientists concerning the use of cognitive and affective processes in the act of scientific creation. These feedback loops were hypothesized to operate between each phase
of the classical model of creative problem solving as typified by the seminal
work of Wallas (1926). However, data providing evidence of their operation
has been scarce. Using a sizable sample (n = 405) and recently developed
software that enables bidirectional pathways to be modelled (M-Plus v6), this
study examines the evidence for the existence of feedback loops within the
creative process using structural equation modelling (SEM) procedures. The
research builds on the findings of a previous study in which participants
solved two novel mathematics problems in the Mathematics Challenge for
Young Australians. Empirical evidence for both the classical stage model of
creative problem solving and Shaw’s feedback loops namely the Vinacke and
Lalas loops, are presented and discussed. The participants were middle school
students in Grades 7 to 10 drawn from across two states of Australia.

Keywords
Creative Process, Feedback Loops, Bidirectional Modelling, Cognitive,
Non-Cognitive

1. Introduction
Some 25 years ago, Shaw (1989) described a structure for modelling a creative
situation that focused on thoughts as well as feelings. In so doing, Shaw was
seeking to model a set of unified processes both cognitive and non-cognitive associated with the modelling of creative behaviour that could be generalized
DOI: 10.4236/ce.2017.812127 Sep. 26, 2017
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across individuals. The inclusion of both cognitive and emotional features within a structural model was forward looking at the time, particularly since cognitive neuroscience today is revealing just how much thinking and feeling are inextricably linked (Damasio, 1994; 1999; Immordino-Yang & Faeth, 2010).
Numerous models of the creative process have been propounded over time
(Lubart, 2001) with many building on the seminal, classical four stage model of

preparation, incubation, illumination and verification put forward by Wallas
(1926) early in the last century. Some models have sought to elaborate upon the
number of stages involved in creativity as for example: (a) Shaw’s (1989) model
of the “Eureka process”; (b) Osborn’s (1953) model of the “Applied imagination”; (c) the “Osborn-Parnes” model of creative problem solving (Isaksen &
Parnes, 1985); (d) the “Core processes” model by Mumford and associates
(1991); (e) the “Componential” model by Amabile (1996); and (f) the “Extended
phase” model by Cropley and Cropley (2008) to state but some of these. Each of
these models has expounded on at least five stages with two sets of scholars advocating as many as eight (viz., Cropley & Cropley, 2008; Mumford, Mobley, &
Uhlman, 1991). Conversely, other process models have reduced the number of
stages, collapsing them instead into a broader set of categories such as that proposed by the “Two tier” model advocated by Runco and Chand (1995) and the
“Geneplore” model advanced by Finke, Ward and Smith (1992). Emphases in
these models were given to a whole collection of sub-processes hypothesized to
be involved in the act of creation. Interestingly, of the process models cited, only
two of them dealt explicitly with “feeling” and “affect”. These were Cropley’s
(2001) earlier “Holistic” model of creativity and Shaw’s model of the “Eureka
process”.
As with others before him (e.g. Ghiselin, 1963; Hadamard, 1945; Wallas, 1926)
Shaw argued intuitively that the development of a unified model which provided
additional information about both cognitive and affective components was strategically important to future understanding and teaching about creativity and
the processes of scientific discovery. Having an abiding interest in how scientists
created, Shaw set about by means of an interview strategy to identify and describe the experiences and processes that were common to scientists and engineers alike during an act of scientific creation in order to model mathematically
some phenomenon in a real world situation.
Of note was the speculation by Shaw of five feedback loops associated with the
classical stage model of creative problem solving. These loops involved a series
of couplings or feedback cycles arising between each stage of the creative
process. The cycling: (a) that arose between the stages of preparation and incubation was called the “Areti Loop” Arieti (1976); (b) that occurred between the
stages of incubation and illumination was termed the “Vinacke loop” Vinacke
(1952); (c) that arose between the stages of illumination and elaboration (or explication) was called the “Lalas loop”; and (d) the coupling between elaboration
and the final outcome (or creative synthesis) was termed the “Communication
DOI: 10.4236/ce.2017.812127
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loop”. Finally a series of models of feedback loops arising between the final out-

come (or the creative synthesis) and each earlier stage in the model of creative
problem solving was named the “Rossman loop” (Rossman, 1931). Where practicable Shaw’s naming of each feedback loop was based according to the name of
the researcher thought to be responsible for theorizing its presence (Shaw, 1989).
In addition Shaw modelled a set of affective states both positive and negative
depending on stage and circumstance associated with each loop. Further, it was
proposed that the Areti and Vinacke loops modelled movement between conscious and non-conscious processing, since the stage of incubation was a situation marked by non-conscious activity in which the problem at hand was set
aside for a time. Although Shaw hypothesized the presence of five feedback
loops, he speculated on the presence of many more models. A diagram showing
the five feedback loops superimposed onto the classical four stage model of creative problem solving is given in Figure 1.
However to date little or no large scale data has been presented examining the
models of these feedback loops. Interestingly, as a physicist, Shaw believed that the
processes depicted in the creative structure could be modelled mathematically and
foreshadowed the introduction of powerful new computational techniques that
would make this possible, citing Chaos Theory (Gleick, 1987) and Catastrophe
Theory (Dold & Eckmann, 1977) as examples. It is regarding the possibility of this
latter point that the content of this current paper raises. This modelling is made
feasible through the use of recently developed computational software that permits
the examination and estimation of the significance of reciprocal paths operating
between two components, namely M-Plus Versions 6, 7 and 8 (Muthén & Muthén,
2010; 2012; 2017) to take place. This is essential if the statistical validation and verification of the feedback loops is undertaken. However, even with the appropriate
software it is still necessary for the researcher to find suitable raw data in which the
hypothesized models can be both advanced and examined.

2. A Previous Study: Preliminary Examination of Feedback
Loops
In a study of novel mathematics problem solving involving a large population of
405 middle school students participating in the Mathematics Challenge for
Young Australians (Aldous 2009; 2015), the preliminary examination of Shaw’s
feedback loops was found in the outer measurement model of the causal or
structural model of creative problem solving constructed using structural equa-

Figure 1. The Classical Model overlaid with Shaw’s feedback loops (Aldous, 2012: 845).
DOI: 10.4236/ce.2017.812127
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tion modelling procedures (Aldous, 2006; 2014). The purpose of the study was to
form a comprehensive model of creative problem solving in which both cognitive and non-cognitive processes used in the creative “process” were modelled
along-side other more macroscopic components related to the creative “person”,
the creative “product” and the creative “environment” relevant to a confluence
approach (Sternberg, 2006).
In this situation the participants in the Mathematics Challenge for Young
Australians had three weeks in which to solve six novel problems, (the event being a precursor for selection into the Australian Mathematics Olympiad). Consequently, the participants had extended time to incubate on the novel problems
and to put into action the heuristic processes first proposed by Wallas (1926)
and elaborated on by Shaw (1989). To this end a self-report instrument referred
to as the Systems of Reasoning Questionnaire (SRQ) (Aldous, 2001; 2006; Jeffries, 2011) is employed to tap both cognitive and non-cognitive processes used
in solving the novel mathematics problems. In its development the SRQ was
grounded in Sloman’s (1996) two systems of reasoning and Epstein’s (1994,
1998) two patterns of mind and was consistent with Kahneman’s (2011) System
1 and System 2 thinking. It is used in this study in conjunction with two problems about which students were invited to report concerning use of both their
thinking and feeling (intuitive) approaches to reasoning. One problem called the
Cute Numbers problem is spatially oriented, the other called the Birthday Cake
problem, is more numerically oriented.
The SRQ, comprises a set of five scales referred to collectively as the Approaches to Reasoning. These are a Strategic approach, a Free-flowing approach, a Spatial-verbal approach, a Feeling approach and a Systematic approach to reasoning. The Strategic and the Systematic approaches to reasoning
tap cognitive processing while the Free-flowing and Feeling approaches to reasoning tap non-cognitive processing. Interestingly the Spatial-verbal approach to
reasoning engages both cognitive and non-cognitive processing depending on
whether mainly successive or simultaneous synthesis is being used.

Larger Model Holds Information with which to Test Classical
Model
The comprehensive model of creative problem solving comprises both macroscopic and microscopic components relevant to creativity. The macroscopic
component models aspects of the creative person, the creative product and the
creative environment. The microscopic component seeks to model the creative

processes both cognitive and non-cognitive used in creative problem solving and
comprises the Approaches to Reasoning construct. In this way the microscopic
process component as measured by the Approaches to Reasoning construct is
nested within the larger more macroscopic one, reflecting a more holistic approach to the study of creativity. In effect there is a model within a model.
It is an examination of the highest loading items in the Approaches to Reasoning construct of the outer model of the comprehensive model of creative
DOI: 10.4236/ce.2017.812127
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problem solving that evidence of Shaw’s feedback loops is indicated. These early
data provide evidence of (a) the constructs of preparation cycling into incuba-

tion in the Strategic approach to reasoning, (b) the constructs of incubation
cycling into insight in the Free flowing approach to reasoning, (c) the constructs
of intimation cycling into sudden illumination in the case of the Cute Numbers
problem, and intimation cycling into gradual illumination in the Birthday Cake
problem in the Feeling approach to reasoning. Finally in the Cute Numbers example the elaboration of findings is indicated by the Systematic approach to
reasoning, while the verification of findings is indicated by the Birthday Cake
case. Interestingly in the Spatial Verbal approach to reasoning, evidence of the
nature of processing involved is found. Predominantly simultaneous processing
is indicated in the case of the Cute Numbers problem while sequential
processing is indicated for the most part in the case of the Birthday Cake problem. A summary of these early findings is given in Table 1.
Nevertheless it remains to be seen whether these cycles can be modelled separately in a classical model of creative problem solving (CPS) independent of the
larger causal model in which they are initially instituted. Movement in the forward direction provides clear evidence but can movement in the backwards direction also be modelled? In essence can reciprocal paths be located and modelled and if so, what is the meaning of any such cycling?
Using information contained within the larger comprehensive model of creative problem solving (Aldous, 2006; 2014) the following questions are advanced.
These are:
Table 1. Preliminary evidence of Shaw’s loops.
Process Scale

Primary Emphasis*

Approach to

Cute

reasoning

Numbers

Strategic
Approach

Birthday Cake

Preparation

Preparation

(

(

)
Incubation

Free-flowing Approach

Approach

Shaw ‘s (1989)

)

Areti loop

)

Vinacke Loop

Incubation

Incubation

(

(

)

Consistent with

Incubation

Insight
Spatial-verbal

Feedback Loop

Insight

Simultaneous processing Sequential processing
Intimation

Feeling

(

Approach
Systematic
Approach

)

Intimation
(

)

Sudden

Gradual

Illumination

Illumination

Elaboration

Verification

Lalas Loop

Communication & Rossman
Loops

* based on four highest items (refer to Table 2 for specific details).
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1) Can the stages of the classical model of creative problem solving be modelled?
2) Can Shaw’s feedback loops be located and modelled empirically?
3) Can the classical model and cycles of feedback be interpreted meaningfully in
more than one data set?

3. Method
3.1. Participants
These comprised a non-random sample of 405 middle school students in Grades
7 to 10 who had enrolled in the Mathematics Challenge for Young Australians
(2001) from within 11 independent schools, across two states of Australia. Some
of the schools enrolled their entire cohort in the Mathematics Challenge while
others allowed students to self-select into the activity. Students from both contexts who agreed to participate in the investigation were employed in this study.
The students ranged in age from 11 to 16 years (mean age = 13.9 years, SD =
1.0). Of these 199 were female and 206 were male.

3.2. Instruments
3.2.1. Mathematics Challenge for Young Australians
The Mathematics Challenge for Young Australians is a national event organized
by the Australian Mathematics Olympiad in conjunction with the Australian
Mathematics Trust to encourage as many young people as possible to engage
with enriching mathematics problems. The problems are purposefully designed
by a committee to be both novel and challenging (Australian Mathematics Trust,
2001). Students have three weeks in which to solve six novel problems. Two of
the six problems were used in this study. They were chosen to coincide with
those problems that were common across the grade levels from primary, junior
and intermediate stages of schooling in the Mathematics Challenge event.
One problem referred to as the Cute Numbers problem involved a search for
pattern in number and the ability to generalize well. It recruited facility in approximate arithmetic, an ability known to utilize the visual spatial circuits of the
brain (Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999). The second problem
referred to as the Birthday Cake problem required the use of fractional arithmetic and the systematic application of the formula for the area of a triangle and
was largely numerical in nature. However some visualization concerning where
to cut the birthday cake was required in order to meet the limitations of the
problem.
Not every student provided an answer to both problems. Some students answered the Birthday Cake problem only, while others answered the Cute Numbers problem only, while still others answered both problems. Of the 405 participants involved, 360 answered the Birthday Cake problem and 387 answered the
Cute Numbers problem. Scores on each of the problems assigned by the judges
of the event were used to form the latent variable Outcome in the classical modDOI: 10.4236/ce.2017.812127
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el of creative problem solving under review.
3.2.2. Systems of Reasoning Questionnaire
The Systems of Reasoning Questionnaire (SRQ), is designed to tap into cognitive
and non-cognitive processes used in creative problem solving within the field of
novel mathematics problem solving. It was initially developed by Aldous (2001;
2006; 2009) and subsequently validated in a cross case analysis by Jeffries (2011)
and Jeffries & Aldous (2016). It comprises five scales. The Strategic approach
comprises ten items related to strategy thinking, the Free flowing approach
comprises six items related to semi-conscious and non-conscious behavior during thinking, the Spatial-verbal approach comprises eight items related to simultaneous and sequential spatial and verbal thinking (Das, 2003), the Feeling
approach comprises ten items related to promptings by gut feelings, intuition
and insight and the Systematic approach comprises ten items concerning logical
and systematic thoughts. Participants were asked to complete the SRQ as soon as
practicable after solving each novel problem. Respondents answer True (scored
two points), False (scored zero points) or Not sure (scored one point) to each
item in the questionnaire. Selected items from the SRQ were used to form the
latent constructs in the classical model of creative problem solving.

3.3. Bidirectional Path Modelling with Latent Variables
3.3.1. Latent Variables
Structural equation modelling SEM with latent variables enables variables that
are not readily observed to be reflected by one or more indicators which are
considered to be manifestations of the latent construct. This is important when
investigating multifaceted constructs such as those involved in characterizing the
stages of the classical model of creative problem solving. Latent variables formed
from multiple variates have been found to have greater reliability and validity
than variables singly observed (Sellin & Keeves, 1997). In this study it is the four
highest loading items as identified in the outer model of the comprehensive
model of creative problem solving (Aldous, 2006; 2014) contained from among
the Approaches to Reasoning constructs that are used in the formation of the latent variables. Specifically, items belonging to (a) the Strategic, (b) the Free-flowing,
(c) the Feeling, and the (d) Systematic approaches to reasoning, grounded in the

System of Reasoning Questionnaire were used in forming the latent constructs
of Preparing, Incubating Illuminating and Elaborating respectively. The
statement of items, their cognitive function, the scale to which each item belongs
in the comprehensive model, together with the latent variables the items are
used to reflect are given in Table 2.
3.3.2. Bidirectional Modelling
The examination of bidirectional relationships has rarely been undertaken in the
causal analysis of data. However with the development of new software having
the capacity to accommodate increased complexity in model specification, estiDOI: 10.4236/ce.2017.812127
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Table 2. Items used in forming the latent variables of the classical model of CPS.
Reasoning
Approach
Strategic

Latent
Variable
Preparing

Approach

Free-flowing
Approach

Feeling
Approach

Systematic
Approach

Incubating

Illuminating

Elaborating

Cognitive

Item

Statement of Manifest Variable

41

I tried a lot of different ways until I found the right one

Exploration

52

I had several attempts at finding a solution before I gave up for a time and
came back to it later

Impasse

53

I played around and explored the problem for a while

Exploration

56

I set the problem aside for a time

Impasse

36

I drew upon all mental resources/parts of me to solve this problem

Breadth of attention

27

I connected with the patterns in this problem

Associative

57

Having set aside the problem for a time I found that the solution suddenly
popped into my mind

illumination

39

I thought of how to get the answer to this problem while I was doing
something else (e.g. riding a bike)

Function

Associative
Defocused
attention
Intra-personal

38

I developed a feeling about the correctness of my solution before I checked it

28

I had a sense of relative sizes in this problem

Cue relevance

22

The ‘answer’ or ‘how to get the answer’ suddenly came into my head while I
was working on this problem

Intuitive insight

55

I followed a feeling/ hunch about what to do

Intuition

31

I used a sequence of logical steps in this problem

29

I organized my reasoning/thinking in a strategic way

Organizing

49h

Talked over the quantities in your mind

Familiarization

34

I tried to verify/check that my answer was correct

Evaluation

scrutiny

Sequential
reasoning

mation of reciprocal effects in path models is now available (Razak, Keeves, &
Darmawan, 2014) Consequently, the latent variables constructed in this study
are used to investigate the classical model of creative problem solving both in the
forward direction and in the backward direction operating simultaneously.
The bidirectional modelling is examined with maximum likelihood estimation
procedures using the M-Plus (Version 6.0.) computer program (Muthén &
Muthén, 2010). On each occasion replication of the testing occurs twice, once
with the Birthday Cake data and once with the Cute Numbers data.

3.4. The Modelling Procedure
Following evidence that the larger comprehensive model of creative problem
solving (CPS) holds information with which to test the classical model the following issues are specified for testing the classical model of creative problem
solving in each data set.
Issue One: Can the classical constructs of CPS be specified and identified and
forward paths modelled?
DOI: 10.4236/ce.2017.812127
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Issue Two: Can reciprocal paths be modelled and if so what direction (or sign)
do the paths take?

Issue Three: What is the meaning of the bidirectional paths and what does this
imply for further modelling?

4. Results
4.1. Issue 1: Forward Paths: Can Classical Constructs of CPS be
Modelled?
The M-Plus path models (showing the complete inner and outer paths) of the
classical model of creative problem solving, specified in the forward direction for
both the Cute Numbers and the Birthday Cake data are given in Figure 2. Unstandardized or metric estimates are shown since these are recommended for
making comparisons across different data sets (Kline, 1998) in the initial phase
of model construction. Approximate standard errors are given in brackets. The
Root Mean Square Error of Approximation (RMSEA) of 0.064 having a 90 per
cent confidence interval with a lower bound of 0.057 and an upper bound of 0.07
indicates good model to data correspondence (Hu & Bentler, 1999). The Standardized Root Mean Square Residual (SRMR) of 0.078 also represents a favourable indication of model fit (Kline, 1998). Although a non-significant chi-square
is not achieved the normed chi-square given by the ratio of chi-square divided
by the degrees of freedom (Jöreskög, 1969) of 2.5 is indicative of a well-fitting
model (Kline, 1998).
4.1.1. Outer Model or Measurement Model
From a visual inspection of Figure 2, the metric loadings that form the outer
paths in each model can be considered to be the same for both the Cute Numbers and Birthday Cake data. In both models, all outer model paths are significant. This permits meaningful comparisons of the inner paths between models
to be made. Further a mean R2 of 0.32 (effect size f 2 = 0.47) is obtained for both
Birthday Cake (n= 360)
41

52

53

56

1.00 1.68 0.60 1.64
(0.00) (0.14) (0.08) (0.13)

36

27

57

39

38

28

22

31

55

1.00 0.78 0.71 0.73
(0.00) (0.09) (0.09) (0.10)

1.00 0.80 1.94 1.27
(0.00) (0.20) (0.36) (0.25)

29

49

Score

34

1.00 1.12 0.76
(0.00) (0.11) (0.10)

0.70
(0.08)

1.00
(0.00)

NS

Preparing

Incubating

0.25
(0.06)

0.14
(0.21)

Illuminating 0.55

Elaborating 6.24

Outcome

(0.90)

(0.08)

(RMSEA = 0.064)
(SRMR = 0.078)

Cute Numbers (n=387)
Preparing

1.00 1.68
(0.00) (0.14)

41

52

0.60 1.64
(0.08) (0.13)

53

Incubating

0.34
(0.07)

56

1.00 0.78 0.71
(0.00) (0.09) (0.10)

1.00 0.80 1.94 1.27
(0.00) (0.20) (0.36) (0.25)

36

27

57

Illuminating

0.64
(0.19)

39

38

28

22

0.55
(0.10)
0.73
(0.10)

55

Elaborating

2.89
(0.80)

1.00 1.12 0.76 0.70
(0.00) (0.11) (0.10) (0.08)

31

29

49

Outcome
1.00
(0.00)

34

Score

Figure 2. Path diagrams of the Classical Model of creative problem solving. Non-standardized
estimates recorded.
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the Cute Numbers and Birthday Cake models indicative of a large effect size
(Cohen, 1992: 157) and robust outer models.
4.1.2. Inner Model or Structural Model
As can be seen in Figure 2, all inner model paths are positive and significant in
both the Cute Numbers and Birthday Cake models with one exception. The path
leading from Incubating to Illuminating is not significant in the Birthday Cake
model. The critical ratio (CR) defined by the ratio of the unstandardized estimate to standard error is only 0.66.
Path estimates with a CR larger than 1.96 are significant at the five per cent
level, however paths with a CR between 1.64 and 1.96 are significant at the ten
per cent level (Kline, 1998). Nevertheless, a mean R2 of 0.24 (effect size f 2 = 0.31)
for the Birthday Cake model indicates an inner model with a medium to large
effect (Cohen, 1992: 157) while a mean R2 of 0.20 (effect size f 2 = 0.25) for the
Cute Numbers model indicates an inner model of medium strength effect (Cohen, 1992: 157). Thus adequate stability in the estimation of the models is indicated and a sound explanatory effect for the classical model of CPS is signified.

4.2. Issue 2: Reciprocal Paths: Can Bi-Directional Paths be
Modelled?
The M-Plus path results for the classical model of creative problem solving,
modelled with bidirectional paths for both the Cute Numbers and the Birthday
Cake data are given in Figure 3. Standardized estimates are shown since these
are recommended for making within model comparisons (Kline, 1998). Standard errors are given in brackets. Significant paths are indicated with solid lines,
non-significant paths with dashed lines. Non-significant paths that could not be
modelled are shown with a dotted line. As with the Issue One forwardpath models, the RMSEA is 0.064 having a 90 per cent confidence interval with a lower
bound of 0.058 and an upper bound of 0.07, an SRMR of 0.071 and a normed
chi-square of 2.5 indicating good model to data correspondence for the classical
model of creative problem solving that incorporates bidirectional paths (Hu &
Birthday Cake (n=360)
41

52

53

56

36

0.79
0.52 0.83 0.33
(0.04) (0.03) (0.04) (0.03)

27

57

39

38

0.36 0.27 0.53
0.35
(0.05) (0.05) (0.06) (0.06)

22

55

-0.53 (0.59)

0.57 (0.09)

Preparing

28

Incubating

31

29

49

0.40
(0.04)

0.92 (0.39)

Illuminating

Score

34

0.62
0.63 0.39
(0.04) (0.04) (0.04)

0.64
0.50 0.43
0.44
(0.05) (0.05) (0.05) (0.05)

1.00
(0.00)

0.49(0.05)

Elaborating

NS

0.50(0.14)

-0.82(2.04)

Areti loop

Vinacke loop

Lalas loop

Outcome
NS

Communication loop

Cute Numbers (n=387)
M

0.69 (0.08)

Preparing
NS
0.50 0.84
(0.03) (0.03)

41

52

0.34 0.77
(0.04) (0.03)

53

56

-1.08 (1.36)

-0.34 (0.18)

Incubating
0.63(0.09)
0.38 0.31 0.56 0.37
(0.05) (0.05) (0.05) (0.05)

36

27

57

0.23 (0.06)

Illuminating

38

Outcome
NS

1.24(0.51)

0.59 0.44 0.41
(0.05) (0.04) (0.05)

39

Elaborating

28

22

0.40
(0.05)

55

0.57 0.64 0.41 0.42
(0.04) (0.04) (0.04) (0.04)

31

29

49

1.00
(0.00)

34

Score

Figure 3. Path diagrams showing bidirectional paths. Standardized estimates recorded.
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Bentler, 1999).
4.2.1. Outer Model or Measurement Model
As with Issue One models all outer model paths are significant and the mean R2
of 0.34 (effect size f

2

= 0.47) again indicates that the outer models are robust

(Cohen, 1992: 157). A visual inspection indicates that as with the unstandardized
estimates, the standardized estimates in both models are comparable in magnitude.
4.2.2. Inner Model or Structural Model
As with the previous modelling the mean R2 for the Birthday Cake inner model
is 0.24 (effect size f 2 = 0.31) signifying a medium to large effect (Cohen, 1992:
157) while the mean R2 for the Cute Numbers inner model is 0.20 (effect size f 2
= 0.25) indicative of medium strength effect (Cohen, 1992: 157).
Concerning the modelling of feedback between the phases of Illuminating
and Elaborating congruent with the Lalas loop, the forward path is positive and
significant in the Birthday Cake problem but negative and not significant in the
Cute Numbers problem. By way of contrast the backward path is positive and
significant in the Cute Numbers problem, but negative and not significant in the
Birthday Cake problem.

4.3. Issue 3: Reciprocal paths: Meaning of the Bi-Directional Paths?
It can be stated that although the magnitude of the inner paths in both the forward and backward direction for each model falls within the medium to large
effect size range (Cohen, 1992), the size of some standard errors indicates that
some reverse paths are not significant. Nevertheless the sign or direction of each
path remains to be interpreted for each loop.
4.3.1. Vinacke Loop
Concerning the modelling of the Vinacke loop, the negative sign in the forward
direction arising between the stages of Incubating and Illuminating in both
problems indicates that the longer the period of incubating the shorter or more
sudden the illuminating phase. Alternatively, it may also be stated that the
shorter the incubating period, the longer or more gradual the illuminating
phase. The negative sign in the forward direction in both the Cute Numbers and
Birthday Cake models signifies that this interpretation is consistent across data
sets.
However, concerning the modelling of the Vinacke loop in the backward direction, the positive sign in both the Cute Numbers and Birthday Cake data indicates that in the process of feedback a slower or longer illuminating period
cycles with a longer incubating period. Alternatively during feedback a shorter
or more rapid illuminating period cycles with a shorter incubating period.
4.3.2. Lalas Loop
Concerning the Lalas loop the forward paths in both the Birthday Cake and Cute
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Numbers problems are opposite in sign. A positive and significant path between
the stage of Illuminating and Elaborating is indicated in the Birthday Cake
problem but a negative and non-significant path is indicated in the forward direction of the Cute Numbers problem. With respect to the forward path in the
Birthday Cake problem a longer or more gradual period of illuminating leading
to a longer period of elaborating is indicated. By contrast in the Cute Numbers
problem a longer and more gradual period of illuminating results in a shorter
period of elaborating, alternatively, a shorter period of illuminating results in a
longer period of elaborating. However this path is not significant in the Cute
Numbers case.
Concerning the interpretation of the backward path in the Lalas loop, contrasting signs in the Birthday Cake and Cute Numbers problems are indicated.
While the loading is positive and significant in the Cute Numbers problem, the
loading is negative and non-significant in the Birthday Cake example. The positive loading in the feedback cycle of the Cute Numbers problem indicates that a
longer period of elaborating cycles to a longer or more gradual period of illuminating, alternatively a shorter period of elaborating cycles to a shorter or more
rapid period of illuminating when solving the Cute Numbers problem. However
the negative loading in the case of the Birthday Cake problem signifies that a
longer period of elaborating may cycle to a shorter period of illuminating, or alternatively a shorter period of elaborating may cycle to a longer period of illuminating. However this backward path is not significant in the Birthday Cake
problem.
The sign and significance of the loadings for the forward and backward paths
in each of the Vinacke and Lalas Loops for the Birthday Cake and Cute Numbers
data are presented in Table 3.

5. Discussion
This study commences by asking three questions. The first question concerning
whether the stages of the classical model of creative problem solving can be
modelled is answered in the affirmative as is evident in the data from the Cute
Numbers problem and with all but the exception of one path in the Birthday
Table 3. The sign and significance of loadings in the Vinacke and Lalas Loops.
Vinacke

Loop

Lalas

Loop

Cute Numbers

Birthday Cake

Cute Numbers

Birthday Cake

significant

Yes

No

No

Yes

sign

(−)

(−)

(−)

(+)

significant

Yes

Yes

Yes

No

sign

(+)

(+)

(+)

(−)

Forward path

Backwards path
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Cake problem. This exception is likely to reflect that the relative importance of
different cognitive and non-cognitive processing is required in order to solve
successfully the problem.
The second question, regarding whether Shaw’s feedback loops can be located
and modelled empirically may be answered by stating that while evidence for the
Areti and Communication loops cannot be located empirically in the current
data, evidence for the feedback processes indicative of the Vinacke and Lalas
Loops are found in both the Cute Numbers and Birthday Cake data. Nevertheless these findings cannot be used to infer that the Areti and Communication
feedback loops are not in operation in solving the two problems, only that the
data used in this study are unable to estimate the relationships. Indeed the cycling pattern of exploration and impasse within the items forming the latent variable Preparing indicates feedback consistent with the Areti loop being present.
Interestingly studies conducted by creativity researcher Patrick (1938) early last
century, showed overlap between stages and that stages such as preparation and

incubation might co-occur (as cited in Lubart, 2001). Consequently empirical
confirmation of the Areti loop as well as the Communication loop, awaits further trialling. Furthermore, due to difficulties with convergence, attempts to
model the bidirectional paths relating to the Rossman loops are not undertaken
at this time.
The third question concerning whether the creative heuristic and cycles of
feedback can be meaningfully interpreted in more than one data set may also be
answered in the affirmative. The discussion that follows in explanation of this
statement considers the interpretation of the bidirectional paths, first in the
Birthday Cake data and then subsequently in the Cute Numbers data. Interestingly, it was with data obtained from a larger comprehensive model of creative
problem solving (Aldous, 2009; 2014; 2015) that modelled both macroscopic and
microscopic components of creativity, that turned out to be the most useful in
making sense of Shaw’s feedback loops. This begs the question what is the articulation between the macroscopic elements of creativity related to the person,
environment and product and its more microscopic elements related to process
that permitted recursion and cycles of feedback to occur in the creative process?

5.1. Birthday Cake Data
The comprehensive model of creative problem solving indicates that the Birthday Cake problem is characterized with a demand for high verbal processing,
gradual illumination and successive synthesis. Further, both cognitive and
non-cognitive processes are needed to reach a successful solution. Systematic
cognitions have a direct effect while feeling cognitions have an indirect effect on
the problem solution. Consequently, the finding that the negative forward path
of the Vinacke loop, signifying that increased incubation leads to a rapid or
short illumination is not significant in the Birthday Cake data and is fully compliant with the finding of the comprehensive model that successful solution inDOI: 10.4236/ce.2017.812127
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volves a gradual rather than rapid illumination over time in the Birthday Cake
problem. However the positive backward path, signifying that a long and gradual
period of Illuminating is indicative of a long period of Incubating in the Vinacke loop, is also consistent with the finding of the earlier study that reaching a
successful solution in the Birthday Cake problem requires long periods of conscious, systematic and successive synthesis interspersed with extensive periods of
non-conscious activity. This result concurs with the interpretation of the positive
forward path in the Lalas loop that a slow and gradual illumination leads to a
long elaboration which in turn leads to a positive outcome. That the backward
path from Elaborating to Illuminating is not significant is also consistent with a
meaningful interpretation of the feedback loop, since a negative loading signifies
that a long elaboration results in a rapid or short illumination which is found
not to be the case in the Birthday Cake problem.

5.2. Cute Numbers Data
By way of contrast to the Birthday Cake problem, data obtained from the comprehensive model of creative problem solving indicate that the Cute Numbers
problem is characterized by a high visual-spatial processing demand, sudden illumination and simultaneous synthesis. Further, feeling cognitions have a direct
effect and systematic cognitions have little or no effect on successfully solving
the problem. Consequently, whereas the negative forward path of the Vinacke
loop is not significant in the Birthday Cake problem the negative forward path of
the Vinacke loop is significant, albeit at the ten per cent level in the Cute Numbers case since successful solution results from longer incubation leading to a
sudden or short illumination. Similarly with the positive backward path in the
feedback loop a slow and long illumination results in a return to a second period
of incubation before a resolution can subsequently occur by a sudden illumination, cycling once more in the forward direction. Given that in the Cute Numbers problem a solution can be found straight from a feeling of cognition,
(skilled intuition) that involves simultaneous synthesis without recourse to a
systematic approach, the finding that the forward path from Illuminating to
Elaborating is not significant is also consistent with what is known previously
about this problem from the comprehensive model. A rapid or sudden illumination does not require a long elaboration indicative of a systematic approach in
the Cute Numbers problem, nor is a long gradual illumination leading to a short
elaboration signified. However, for the problem solver to find a solution, a long
and deliberate elaboration may result in a return to a slow illumination as signified by the backward path of the Lalas loop until such time as a sudden illumination arises and is signified by a brief elaboration. Further while the path from
Elaborating to Outcome is positive in the Cute Numbers example its magnitude
is approximately half that demonstrated by the Birthday Cake example, once
again indicating that a solution arises directly from a sudden illumination without recourse to a long period of verification.
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In comparing the different cognitive and non-cognitive processes at work
within the two problems and realizing that the Birthday Cake problem is characterized by gradual illumination and the Cute Numbers problem by sudden
illumination it is perhaps interesting to note the comparative study undertaken
by Miller (1992) who reported that Einstein’s breakthroughs were typified by
long gradual illuminations but that the French mathematician Poincaré’s breakthroughs were typified by sudden illuminations rather than gradual ones.
In a recent account concerning the solution of a proof for Fermat’s last theorem that had confounded the world for more than 358 years, evidence of both
sudden and gradual illuminations in succession were indicated (Singh, 2011).
The successful proof developed by Field medallist Andrew Wiles was a gradual
process spanning years and was built on a series of sudden and successive illuminations about where to go next in a long and protracted solving of the problem. Further, periods of concentrated effort were interspersed with periods of
relaxation through redirected attention being given to play with his young family
(Singh, 2011). Such activities provided opportunity for periods of incubation
and non-conscious processing to occur, that was important for successful novel
problem solving and the expression of creativity.
Evidence presented in this study indicates a strong involvement of cycling
through the Vinacke loop especially for problems requiring a sudden illumination, whereas the importance of feedback in the Lalas loop is implicated in problems requiring more gradual illumination. The role of incubation and
non-conscious activity concerning both sudden and gradual illuminations,
however, cannot be overstated and has implications for the learning and teaching of scientific creativity. Indeed in a recent study, evidence was presented indicating that the benefits of incubation were due to the work of non-conscious
processing rather than other explanations such as a break from functional fixedness, although this may also occur (Gallate, Wong, Ellwood, Roring, & Snyder,
2012).
Lastly a discussion of findings is not complete without making mention of the
study’s limitations. Mention is made in this study of the Birthday Cake problem
requiring verbal processing while the Cute Number problem requires spatial
processing although not exclusively so. No attempt to address this aspect of the
problem is made in this study or to investigate what role visual-spatial and or
verbal processing may have on recursion and the functioning of the feedback
loops. Furthermore, while significant paths are evidenced in both the forward
and backwards direction in the Vinacke loop within a single problem namely the
Cute Numbers problem, significant paths in both the forward and backwards
direction in the Lalas loop are obtained only through a collective combination of
evidence from both the Birthday Cake and Cute Numbers problems. The forward path is significant in the Birthday Cake problem and the backwards path is
significant in the Cute Numbers problem. Consequently, empirical quantitative
evidence for the existence of the Lalas loop while substantial, is inferred rather
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than completely verified.

6. Conclusion
This study finds that the modelling of the Vinacke and Lalas feedback loops in
the creative process using bi-directional structural equation modelling procedures is both possible and substantial. However there is further work to be done.
Of note is the finding that interpreting the specific meaning of the feedback
loops requires understanding about the context of the problem and knowledge
about the kind of processes both cognitive and non-cognitive that are used to
solve the problem. A number of questions arise. How does the creative process
vary according to the nature of the problem? What processes, both cognitive and
non-cognitive, provoke cycling through the feedback loops and in what sequence does this cycling occur? What processes, both cognitive and
non-cognitive, define the latent constructs of preparing, incubating, illuminating
and elaborating? In finding and modelling possible solutions to these and other
related problems, it may be helpful to remember Guilford’s own words that there
is “something creative about all genuine problem solving” (Guilford, 1967: 312).
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