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Abstract

There is an increasing interest in a systemic approach to food quality. From this perspective,
the copper chloride crystallization method is an interesting asset as it enables an estimation
of a sample’s ‘resilience’ in response to controlled degradation. In previous studies, we
showed that an ISO-standardized visual evaluation panel could correctly rank crystallization
images of diverse agricultural products according to their degree of induced degradation. In
this paper we examined the role of contextual sensitivity herein, with the aim to further
improve the visual evaluation. To this end, we compared subjects’ performance in ranking
tests, while primed according to two perceptional strategies (levels: analytical vs. kinesthetic
engagement), according to a within-subject design. The ranking test consisted out of wheat
and rocket lettuce crystallization images, exhibiting four levels of induced degradation. The
perceptual strategy imbuing kinesthetic engagement improved the performance of the rank-
ing test in both samples tested. To the best of our knowledge, this is the first report on the
training and application of such a perceptual strategy in visual evaluation.

Introduction

There is an increasing interest in a systemic approach to food quality, either from an organic
food quality perspective [1-3], or from the need for a better understanding of the nutrition-
health interface, e.g. via the food matrix [4-6]. Complementary to a direct rating of a food’s
outer appearance (e.g. color change, signs of microbial mediated decay), the method of copper
chloride crystallization with additives enables an estimation of a sample’s ‘resilience’ (elasticity,
capacity to cope) in response to controlled aging of the sample [7-12].
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The method is based on the evaluation of the crystallization patterns that arise when a food
juice or extract is mixed with an aqueous cupric chloride solution in a Petri-dish under con-
trolled climatic conditions [13].

To attain a scientific communicable, objective means of visual evaluation, a panel was
formed and validated according to ISO-norms for sensory panels, adapted towards the visual
evaluation of crystallization images [14]. This morphological level of evaluation was subse-
quently extended towards the perception of salient coherent ‘meaningful wholes’ or Gestalts,
relating to the plant physiological processes of ripening and decomposition, as perceived in the
crystallization images [7, 8].

Previously we showed that this panel could correctly rank crystallization images of different
agricultural products according to the degree of controlled aging [8]. Although the results
reported were encouraging, the accuracy varied considerably among the panel members.

This triggered research into the effect of contextual sensitivity in the visual evaluation. To
this end, we compared subjects’ performance while primed according to two perceptional strat-
egies (levels: analytical vs. kinesthetic engagement), according to a within-subject design. Kines-
thetic engagement is an observer’s kinesthetic sensation, or motoric response, towards observed
motions or implicit motions of human, non-human and even inanimate objects [15, 16]. Kines-
thetic engagement in crystallization image evaluation involves an embodied simulation of the
growth, curvature and tension of the tree-like branches of the crystallization images [17].

Crystallization with additives

The method of crystallization with additives generates two-dimensional dendritic crystalliza-
tion patterns when an aqueous dihydrate cupric chloride solution is mixed with a juice or
extract in a Petri-dish under controlled climatic conditions [13]. The properties of the patterns
are influenced by the type and properties of the additive [18, 19]. With aging of the juice or
extract, the crystallization patterns change in a characteristic and reproducible manner [7-11,
20], thereby making the method an interesting asset in food quality assessment from an onto-
logical holistic stance.

Kahl et al. [3, 21] discussed validation strategies for systemic approaches to organic food
quality determination, including the method of copper chloride crystallization with additives.
This stimulated an ongoing development of a European consortium of crystallization laborato-
ries towards standardized methodology with respect to sample preparation [13, 22-26], crys-
tallization [18, 19, 27-29], data evaluation including multivariate statistical analysis of
computerized image analysis [30-33], and visual evaluation using defined morphological crite-
ria [7, 8, 14].

Although there is still a lack of knowledge concerning the physical basis of the pattern for-
mation process; e.g. for authenticity tests, the macroscopic appearance of the crystallization
patterns depends on the amount and type of the additive and the amount of dihydrate cupric
chloride [18, 19]. The additive changes the surface properties of the glass plate [20, 34], while
the additive’s viscosity (molecular weight) influences the dendritic branching conditions of the
crystallization process, which results in sample-specific crystallization patterns [18, 20, 29, 35,
36].

For the quantification and classification of the morphological features of the crystallization
patterns, computerized analysis allows an unambiguous objective means of evaluation and the
possibility to evaluate large data sets for e.g. methodological studies. The visual evaluation
remains however superior in differentiating samples based on their resistance to degradation.
Trained individual researchers could correctly assign encoded samples of wheat, grape juice
and rocket lettuce based on the perceived degree of decomposition [9-11, 37].
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Visual evaluation

A standardized and scientifically communicable approach to the visual evaluation of crystalli-
zation images was established by Huber et al. [14] and has been comprehensively described
and extended by Doesburg et al. [7] to the level of Gestalt evaluation. ISO 8587 [38] “Sensory
Analysis—Methodology-Ranking” was adapted for the development of a ranking measurement
instrument for Gestalt evaluation. The norm aims at placing a series of test samples in a ranked
order based on the intensity of an overall impression. This was utilized for the Gestalt decom-
position from fresh to decomposed.

A Gestalt is defined as ‘a perceptual pattern or structure possessing qualities as a whole that
cannot be described merely as a sum of its parts’ [39]. The Gestalt laws of perceptional organi-
zation account for man’s innate ability to perceive organized patterns (Gestalts) in visual sti-
muli [40].

The relevant features characterizing the Gestalt decomposition in crystallization pictures
are described according to four levels of evaluation criteria (Table 1), reflecting a hierarchical
complexity [Doesburg et al. [7] level 1-3, this study level 4].

Two-way model of perception

It is commonly understood that the visual perception of complex images can be described by a
two-way model [41, 42]: object recognition is performed via a selective pathway, mainly utiliz-
ing foveal vision (single object identification, feature guidance, analytical perception). In the
second path of perception, foveal object recognition is guided by a non-selective path (shape,
or "gist of a scene"), which extracts global or statistical information from the entire visual field
[43]. Global, non-selective image processing allows observers to assess the mean and distribu-
tion of a variety of basic visual feature dimensions. Gestalt perception can be considered a spe-
cific form of global processing, and forms a key principle in diagnosing and solving unique,
complex and context-specific problems in disciplines where a parts-alone view does not suffice
[7]. The Gestalt decomposition, as reflected in crystallization images of diverse agricultural
products, appears as a salient unity of multiple emergent interrelations between local criteria
and global features. However, it does not dismiss the fundamental role of local features, but
contrary to object recognition these features are not perceived and represented independently
from each other [44].

The mode of processing, either analytical or holistic, has not been controlled in the practice
of Gestalt evaluation of crystallization images so far. Moreover, it is well documented that
when an individual is presented with a stimulus containing both global and local features their

Table 1. Characteristic features of increased decomposition in wheat crystallization images.

1. Level 2. Level 3. Level 4. Level

Quantifiable single morphological | Quantifiable, descriptive single Gestures or implicit motions in | Kinesthetic criteria

and local features morphological features the whole pattern

Decrease of coarse structural features | Increase of ‘Wickerwork’ Decrease of integration Decrease of fluent interconnected movement

Decrease of the number side needles | Increase of the angle of side needles Decrease of ‘Perradiation’ Decrease of a sense of presence in the image
Decrease of center coordination Decrease of tension in the needle branches from

the center to the periphery

Decrease of ‘Organic curvature’ Decrease of a consistent dynamic in the filling of
the plate

Note: Nomenclature level 1-3 according to [14] in [7], level 4 in present study.

https://doi.org/10.1371/journal.pone.0248124.t001
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mode of processing is seemingly dictated by task, culture, level of expertise and personal pref-
erence [45-47].

In the present study, we compared subjects’ performance in ranking tests, while primed
according to two perceptional strategies (levels: analytical vs. kinesthetic engagement), accord-
ing to a within-subject design. In order to prime the perceptual strategy, the subjects were
instructed to evaluate the crystallization images according to either an analytical perceptual
strategy (single object recognition) by adhering to the use of ‘atomic features’ (i.e. utilizing
solely the criteria of the levels 1 and 2 in Table 1), or according to a kinesthetic engagement in
Gestalt perception and a subsequent secondary, confirmatory ‘atomic feature’ evaluation (i.e.
mainly levels 3 and 4 in Table 1).

Contrary to single object recognition, in Gestalt perception local features are not perceived
and represented independently from each other [44]. Therefore we expected to observe that a
kinesthetic engagement in Gestalt perception globally would improve the degree of correct
ranking.

Materials and methods
Origin of the wheat samples

Wheat grain samples (Triticum aestivum L. cv. ‘Titlis’) were obtained from a long-term field
trial comparing different farming systems in Oberwil/Switzerland (the so-called DOK trial)
from harvest year 2005. For a more detailed description see [9].

Origin of the rocket lettuce samples

Rocket lettuce samples (Eruca sativa L.) were obtained from a field trial carried out in autumn
2009 at the Wiesengut organic experimental farm of the University of Bonn (D). More detailed
descriptions can be found in [37].

Crystallization method

Wheat grain kernels were ground using a hand grain mill with a stone mill work (Schnitzer
hand grain mill type ‘Country’) with a standard adjustment. 5 g of wheat whole flour was
extracted with 25 ml distilled water at 28°C for 3.5 h. The 3.5 h extracted samples were filtered
with paper filters grade 604 (Schleicher & Schuell, Dassel, Germany) and subsequently stored
at 8°C for 0, 3, 8 and 12 days before being used as additive in the crystallization.

The rocket lettuce leaves were either i) pressed in a juice press (Porkert, Czech Republic)
and stored at 4°C for 1 day, ii) stored in plastic boxes for 4 days, pressed and subsequently
stored at 4°C for 1 day, iii) pressed and stored for 6 days and iv) pressed and stored for 10
days. Leaves and juices were stored at 4°C. For detailed methodological descriptions see [9] for
wheat [37], for rocket lettuce. All samples were crystallized in the crystallization laboratory at
the University of Bonn in Germany. After crystallization, all images were photographed
against a dark-field illuminated background (JPEG format 2268 x 1512), and printed on pho-
tographic paper for evaluation.

Visual evaluation panel

A number of 6 (wheat ranking test), or 8 (rocket lettuce ranking tests) experienced panel mem-
bers, trained in recognizing the Gestalt decomposition in crystallization images, took part in
the experiment (mean age respectively 49.8 and 49.1 years, SD 8.8 and 9.1; respectively 33%
and 50% female). Participants had normal or corrected-to-normal vision.
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Training and exam sets

For training and exam, prints of wheat and rocket lettuce crystallization images exhibiting
increasing degrees of decomposition were collected. For wheat, crystallization pictures exhibit-
ing 0, 3, 8, and 12 days of wheat extract aging prior to crystallization were used. For rocket let-
tuce, crystallization pictures exhibiting 1 day of juice aging; 4 days of leave aging and an
additional 1 day of juice aging; 6 days of juice aging, and 10 days of juice aging prior to crystal-
lization were used. From each decomposition stage, three crystallization images were pre-
sented to the visual evaluation panel, comprising three increasing additive amounts.

Visual evaluation-Training and exam

The training was performed as described in [8], via concept-learning according to supervised
classification [48, 49] by email, video conferencing and real-time meetings. Encoded training
sets with decomposed samples were presented in random order to the panel, or mailed as por-
table document format (PDF) files. All samples of a set were taken from one of the (organic or
conventional) agricultural production systems, only the intensity of the decomposition was
varied. The amount of CuCl,.2H,O was the same in all images. Images of three mixing ratios
of additive per sample were presented. The training sets for ranking the decomposition levels
consisted of eight sets of wheat crystallization images and eight sets of rocket lettuce crystalliza-
tion images. Each set contained crystallization images exhibiting varying degrees of decompo-
sition as indicated above.

During training, the list of characterizing features (Table 1) could be used. The images were
evaluated by each panel member independently, then decoded and discussed. Thereby apply-
ing concept learning by supervised classification and peer tutoring by the best performing
evaluators.

Panel tests (exams) were performed for wheat on April 4 and 5 2016 (panel size n = 6); the
rocket lettuce examination was performed on March 13 and 14 2018 and repeated on Septem-
ber 27 and 28 in the same year (panel size n = 8). Each panel test lasted two days, and was per-
formed in single cabins of the sensory laboratory at the University of Kassel, Germany,
designed according to ISO 8589 [50] “about requirements for sensory cabins”. Panel tests were
performed without using the list of characterizing features. Each of the panel members simul-
taneously received encoded evaluation sets in random order. The wheat panel tests consisted
of 10 sets. The rocket lettuce exams consisted of 20 sets. Each exam set consisted of four
decomposition levels, which in turn encompassed three images for the three mixing ratios.
The crystallization images used for training and panel tests were obtained from the same
experimental series according to ISO-norm 11035 [38].

General design of the study

In this paper we examined the role of contextual sensitivity in ranking tests by contrasting sub-
jects’ performance according to an analytical and a holistic (kinesthetic engagement) percep-
tual strategy. The subjects went through the experimental block in a way that enabled a within-
subject comparison.

Primary outcome parameter

To determine the classification error in the ranking order, the RMSE (Root Mean Square
Error) was used, calculated on the base of the subjects’ confusion matrices. A confusion matrix
is a matrix in which C;; represents the number of instances which are known to be in group i
(true label) and predicted to be in group j (predicted label).
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Compared to the more commonly used MAE (Mean Absolute Error) and the MSE (Mean
Square Error) the RMSE has as the advantage that the larger classification errors are given
extra weight. Calculation based on a confusion matrix has as an additional advantage that the
absolute differences between true and predicted class numbers are taken into consideration,
e.g. it is worse to predict points from class C1 to belong to class C3 rather than to predict them
to belong to class C2.

RMSE : \/ %Z; S a0

K is the number of classes. N is the sum of the instances in the matrix. Each entry n, . repre-
sents the number of points from the ' class predicted as being from c™® class) [51].

Statistical analysis

Statistics were performed with Rstudio Version 1.3.1093 [52]. The mean RMSE:s for the two
perceptual strategies were compared by means of a paired sample t-test from the “rstatix”
Rcran package version 0.7.0 (https://www.rdocumentation.org/packages/rstatix). Graphs
were plotted with the RStudio packages “ggplot2” version 3.2.1 [53], “ggpubr” version 0.4.0
(https://www.rdocumentation.org/packages/ggpubr), and “cvms” version 1.2.1 (https://
www.rdocumentation.org/packages/cvms/versions/0.2.0)

Results
Inventorying kinesthetic criteria

Kinesthetic criteria characterizing the Gestalt decomposition were inventoried by concept
mapping [7] and added to the previous described three levels of evaluation criteria, reflecting a
hierarchical complexity [Doesburg et al. [7] level 1-3, this study level 4] (Table 1).

General design

The effect of contextual sensitivity in the visual evaluation of crystallization images was tested
by comparing subjects’ performance while primed according to the two perceptional strategies
(levels: analytical vs. kinesthetic engagement). Hereto, the subjects were assigned randomly to
either group A or B. Subjects of group A were instructed to evaluate the crystallization images
according to an analytical perceptual strategy (single object recognition) by adhering to the
use of ‘atomic features’ (i.e. utilizing solely the criteria of the levels 1 and 2 in Table 1). Whereas
subjects of group B were instructed to evaluate the images according to a kinesthetic engage-
ment in Gestalt perception and a subsequent secondary, confirmatory ‘atomic feature’ evalua-
tion (i.e. mainly levels 3 and 4 in Table 1). On day two the perceptual strategy was switched
between the groups.

Ranking decomposition levels of wheat

For the wheat exam, the panel was presented crystallization images representing four
decomposition levels. In the examples in Figs 1 and 2, decomposition was perceivable on all
four levels of visual evaluation criteria as depicted in Table 1. On the two levels of single
morphological features, decomposition resulted in a decrease of the number of side needles,
as indicated by an increase of the area that was not covered with crystal needles. Addition-
ally, the side needles and branches exhibited a larger ramification angle. The crystallization
images of the 12 days decomposed wheat extract failed to form clear branches at all. On the
gesture level (level 3), a decrease was observed in the coordination ability from the
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Fig 1. Wheat crystallization images for the Gestalt decomposition. Columns from left to right denote the four decomposition stages, ordered according to
an increased intensity of controlled decomposition (“fresh”, 3, 8, and 12 days of controlled decomposition induced by storing the wheat extract at 8°C). The
rows denote the three different wheat additive amounts tested (bottom row 0.22 ml, middle 0.24 ml, top 0.26 ml wheat extract per 160 mg CuCl,.2H,0 per
plate). The presented images originated from samples collected from the biodynamic production system.

https://doi.org/10.1371/journal.pone.0248124.9001

crystallization center, in combination with a decrease in the perradiation and the organic
curvature. The needle branches became less apparent, and were less able to reach the
periphery of the dish. On the level of kinesthetic criteria, a loss of tension in the needle
branches running from the center to the periphery and a decrease of a consistent dynamic
in the filling of the plate was notable.

A first impression of the effect of the perceptual priming is obtained by plotting the
summed classifications of the panel in confusion matrices (Fig 3).

The overall degree of correct classification was somewhat higher with a kinesthetic priming
of the panel. Of specific interest was the complete lack of 2 class violations” when the panel
was kinesthetically primed.

An overview of the population statistics is presented in Table 2. A graphical presentation of
the RMSE as a function of the perceptual strategy (1 = analytical, 2 = kinesthetic engagement)
in the performance of the classification, is depicted in Fig 4.

The mean RMSE:s for the two perceptual strategies were compared with a paired sample t-
test. The p-value of the t-test was 0.038, indicating that the perceptual priming of the panel had
a significant effect on the mean RMSE. Additionally, the lower RMSE score for the kinesthetic
engagement was indicative of a lower classification error.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248124 March 15, 2021 7117


https://doi.org/10.1371/journal.pone.0248124.g001
https://doi.org/10.1371/journal.pone.0248124

PLOS ONE Kinesthetic engagement in Gestalt evaluation in crystallization images of agricultural products

Fig 2. Enlargement of two crystallization images from Fig 1 to illustrate the criteria of Table 1. Left: “fresh” wheat extract, right 3d aged wheat extract.
Mixing ratio 0.26 ml wheat extract per 160 mg CuCl,.2H,O per plate.

https://doi.org/10.1371/journal.pone.0248124.9002

Ranking decomposition levels of rocket lettuce

The rocket lettuce exam in March 2018 contained four stages of decomposition. In the exam-
ples in Figs 5 and 6, differences on the two levels of single morphological features were smaller

than for wheat.

Analytical perception Kinesthetic perception
Target Target
4 3 2 1 4 3 2 1
- b
= 12 CcC ™
o o
© ©
5 5
2 2
0O o~ | S o
- 1 -

0% 0% 0%

0% 0% 1.7%

Fig 3. Confusion matrices for the wheat ranking test, representing the performance of the panels’ summed classifications according to the
perceptual priming. Left: analytical priming, right: kinesthetic priming. The classes 1-4 indicate the decomposition levels (from low 1, to harsh 4)
for both the prediction and the target (true class) values. Each tile contains the number of observations and the column percentage. The diagonal
indicates the correct classification counts. Color intensity is based on the counts.

https:/doi.org/10.1371/journal.pone.0248124.9g003
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Table 2. Primed perceptual strategy (1 = analytical, 2 = kinesthetic engagement), number of subjects (n), mean
and SD of the RMSE (Root Mean Square Error) calculated on the basis of subjects’ confusion matrices for the
wheat ranking test.

Perceptual strategy N RMSE
Mean SD

1 6 0.390 0.191

2 6 0.163 0.132

https://doi.org/10.1371/journal.pone.0248124.t1002

The main feature that became apparent in response to decomposition was the appearance
of so called ‘wickerwork’, i.e. parts of the crystal images exhibiting areas with fuzzily arranged,
intertwined needles. Changes on the gestural and kinesthetic level were however more pro-
nounced. A consistent decrease in motility, tension of the needle branches from the center to
the periphery, fluent interconnected movement, and a sense of “presence” was notable in
response to increased decomposition.

A first impression of the effect of the perceptual priming was obtained by plotting the
summed classifications of the panel in confusion matrices (Fig 7).

The overall degree of correct classification seemed marginally increased in response to a
kinesthetic priming of the panel. This stimulated the panel to continue training. After an addi-
tional training period consisting of 6 x 1.5h online training sessions deploying supervised clas-
sification and peer tutoring by the best performing evaluators, the rocket lettuce panel test was
repeated with the same exam set (exam 2, dd. September 27 and 28 2018) (Fig 8).

The overall degree of correct classification increaseed in response to kinesthetic priming of the
panel. This was most pronounced in classes 1 and 2 (i.e. the two mildest decomposition levels).

1.00-

0.75-

0.25-

0.00- >

1 2
Perceptual strategy

Fig 4. Root Mean Square Error (RMSE) as a function of the factor perceptual strategy (1 = analytical,
2 = kinesthetic engagement) in the performance of the classification of the wheat crystallization pictures. Jitter
elements depict individual subjects’ RMSE values.

https://doi.org/10.1371/journal.pone.0248124.9004
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Fig 5. Rocket lettuce crystallization images for the Gestalt decomposition. Columns from left to right denote the four decomposition stages, ordered
according to an increased intensity of controlled decomposition, induced by storing the rocket lettuce juices at 4°C: 1 day of juice aging, 4 days of leaf aging + 1
day of juice aging, 6 days of juice aging, and 10 days of juice aging. The rows denote the three different rocket lettuce additive amounts tested (bottom row 0.15
ml, middle 0.20 ml, top 0.30 ml rocket lettuce juice per 160 mg CuCl,.2H,O per plate). The presented images are all obtained from the ConMin production
system with horn silica application [37].

https://doi.org/10.1371/journal.pone.0248124.9005

An overview of the population statistics for both exam dates is presented in Table 3. A graph-
ical presentation of the RMSE as a function of the perceptual strategy (1 = analytical, 2 = kines-
thetic engagement) in the performance of the classification, is depicted in Fig 9A and 9B.

The mean RMSEs for the two perceptual strategies were compared with a paired sample t-test.
The p-value of the first exam date was 0.1824, indicating that the perceptual priming of the panel
had no significant effect on the mean RMSE. In the second ranking test the p-value decreased to a
border line significance of 0.055, indicating that perceptual priming did in fact have an effect on
the mean RMSE. The lower RMSE score for the kinesthetic engagement indicated a lower classifi-
cation error when the subjects were primed to rank according to a kinesthetic perceptual strategy.

Discussion
Perception in evaluation and accuracy of the results

In this article we researched the role of contextual sensitivity in the ranking of crystallization
images of two agricultural products according to their degree of induced degradation. To this
end, subjects were primed according to two perceptional strategies (levels: analytical vs.
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Fig 6. Enlargement of two crystallization pictures of Fig 5 to illustrate the criteria of Table 1. Left: 1 day aged rocket lettuce juice, right 4 days of leaf aging
+ 1 day of juice aging. Mixing ratio 0.20 ml rocket lettuce juice per 160 mg CuCl,.2H,0 per plate.

https:/doi.org/10.1371/journal.pone.0248124.9006

kinesthetic engagement), according to a within-subject design. The ranking tests consisted out
of wheat and rocket lettuce crystallization images, exhibiting four levels of induced

degradation.

Analytical perception

Target
4 3 2
= 8
5%
o 17
10.6%

Prediction

N B 20 56

3.1% 12.5% 35%

= 6 12 79

3.8% 7.5% 49.4%

3.1%

13

8.1%

79

49.4%

63

39.4%

Prediction

Kinesthetic perception

Target
4 3 2 1
1
0.6% 0%
14 12
8.8% 7.5%

8 84 67

0% 5% 52.5% 41.9%

1 18 61 81

0.6% 11.2% 38.1% 50.6%

Fig 7. Confusion matrices representing the performance of the panels’ summed classifications according to the perceptual priming for
the first rocket lettuce ranking test. Left: analytical priming, right: kinesthetic priming. The classes 1-4 indicate the decomposition levels
(from low 1, to harsh 4) for both the prediction and the target (true class). Each tile contains the number of observations and the column
percentage. The diagonal indicates correct classifications. Color intensity is based on the counts.

https://doi.org/10.1371/journal.pone.0248124.9007
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Fig 8. Confusion matrices representing the performance of the panels’ summed classifications according to the perceptual priming for the
second rocket lettuce ranking test. Left: analytical priming, right: kinesthetic priming. The classes 1-4 indicate the decomposition levels (from
low 1, to harsh 4) for both the prediction and the target (true class). Each tile contains the number of observations and the column percentage.
The diagonal indicates correct classifications. Color intensity is based on the counts.

https://doi.org/10.1371/journal.pone.0248124.g008

The Root Mean Square Error (RMSE) was used as primary outcome criterion to assess the
classification error. RMSE was calculated on the base of the subjects’ confusion matrices,
thereby taking the absolute differences between actual and predicted class numbers into
consideration.

Perceptual priming resulted in a significant difference in the mean RMSE for the wheat
ranking test, (paired t-test p = 0.038), and in a borderline significant effect for the second
rocket lettuce ranking test (p = 0.055). Kinesthetic priming consistently resulted in a lower
mean RMSE score, indicating a lower classification error when the subjects classified the crys-
tallization images according to this perceptual strategy.

While in the wheat crystallization images, pronounced differences were visible on all four
hierarchical levels of visual evaluation criteria (Table 1); in rocket lettuce images, there were
hardly any differences on the level of analytical criteria. This was mainly observed for the two

Table 3. Primed perceptual strategy (1 = analytical, 2 = kinesthetic engagement), number of subjects (n), mean
and SD of the RMSE (Root Mean Square Error) calculated on the basis of subjects’ confusion matrices for the two
successive rocket lettuce ranking tests.

Perceptual strategy N RMSE
Mean ‘ SD
Exam March 13 and 14 2018
1 8 0.781 0.357
2 8 0.660 0.174
Exam September 27 and 28 2018
1 8 0.757 0.175
2 8 0.504 0.225

https://doi.org/10.1371/journal.pone.0248124.t1003
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Fig 9. Root Mean Square Error (RMSE) as a function of the perceptual strategy (1 = analytical, 2 = kinesthetic engagement) in the performance of the
classification of the rocket lettuce crystallization pictures. A: first exam (dd. March 13 and 14 2018); B second exam (dd. September 27 and 28 2018). Jitter
elements depict individual subjects’ RMSE values.

https://doi.org/10.1371/journal.pone.0248124.9009

mildest decomposition levels. Consequently, the largest difference in classification between the
two perceptual strategies, was observed in class 1 and 2 of the confusion matrices (Fig 8). An
explanation may be that decomposition processes in whole leaves proceed slower than in
pressed juice, since the cell structure is still intact. Following this line of thought, this may indi-
cate that small differences in decomposition are reflected more pronounced on the level of ges-
tural and kinesthetic Gestalt criteria than on the level of single morphological criteria.
Evidently, the verification of this assumption requires additional research.

Apparently, the perceptional strategy influences the accuracy of the results. The wheat perfor-
mance test and the second rocket lettuce performance tests support the hypothesis that the appli-
cation of a global perception, imbued with kinesthetic engagement, increases the ranking accuracy
of decomposed samples. Despite the increased differentiation ability of the panel as a whole after
adapting towards a kinesthetic Gestalt perception, the accuracy between the panel members still
varied somewhat, as reflected in the jitter in the boxplots (Figs 4 and 9). It seems plausible that this
is linked to each panel member’s level of expertise and personal preference [45-47].

Kinesthetic engagement and the mirror neuron system

Kinesthetic engagement is essentially an association of an observer’s own kinesthetic sensation,
with observed movements [16]. Kinesthetic engagement can be experienced by looking at peo-
ple, living beings and even non-living objects. Kinesthetic engagement in crystallization image
evaluation involves an embodied simulation of the growth, curvature and tension of the tree-
like branches of the crystallization images [17]. While the embodied simulation is supposed to
be the psychological mechanism responsible for kinesthetic engagement, the mirror neurons
system is supposed to form the neural basis [15, 54]. Of major significance is that even the
observation of static images of actions evokes a motor simulation of the gesture that is required
to produce it [15, 16].
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Subjective perception and intersubjective assessment by panel training

In a field of research such as sensory analysis, it is necessary to take the individual subjective
perception as the basis for the assessment. Subjective perception becomes inter-subjective
through training and standardization of a panel and the applied descriptors [38]. Meanwhile
this field of research has become a respected field of science with verifiable phenomena in sen-
sory perception. In recent years sensory perception has further evolved to the inclusion of
food-induced emotions [55, 56].

The ISO standards of sensory analysis were used for the methodical development of the
visual evaluation of copper chloride crystallization images and the training of the panel (see
methods chapter). By means of concept mapping [57] the individual subjective perceptions
were rendered inter-subjective [7].

The Gestalt decomposition, appears as a salient unity of multiple emergent interrelations
between local criteria and global features. The applied image analysis algorithms in computer
evaluation rely either on the analysis of these local criteria [31], or on the spatial gray-level co-
occurrence properties, like the degree of smoothness, coarseness, depth, and regularity of the
crystallization texture [30]. It seems plausible that the reason for the superiority of the human
visual evaluation in differentiating samples based on their resistance to decomposition lies in
the inclusion of these above mentioned emergent interrelations in this type of evaluation.

Conclusions

The results presented here support the hypothesis that evaluation with a kinesthetic engage-
ment in Gestalt perception leads to a higher accuracy in the evaluation of decomposition levels
in crystallization images than an analytical perception. To the best of our knowledge, this is the
first report on the training and application of such a perceptual strategy in a visual evaluation
panel.
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