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ABSTRACT: Soil characterization for coarse-grained materials frequently relies on visual estimations of grain size distributions (GSD) 
to complement laboratory methods such as sieve analyses. These estimations, guided by standards like ISO 14688, are critical in 
geotechnical practice but are prone to cognitive biases. Such biases arise from subjective perception, experience, and interpretation, 
leading to inconsistencies in assessments between operators. This contribution elaborates the influence of cognitive biases on GSD 
estimation through an online survey. Participants estimated GSDs for images of synthetically generated soils, allowing an analysis of 
the variability in results both within and across different groups, such as practitioners, researchers, and students. The findings show 
that there is substantial variation in the results, but also that no particular soil fraction is easier to estimate than others. A remarkable 
finding is that while there is substantial variability in individual results, the average expert opinion is mostly close to the true value. 
The discussion considers the implications of these findings for geotechnical and geological practice and standards, advocating for more 
reliable and bias-resistant approaches to coarse-grained soil characterization. One strategy is to cut out cognitive biases by replacing 
human operators with image-based GSD assessment tools. Nevertheless, acknowledging that manual assessments will still be used for 
some time, recommendations are made to reduce cognitive biases in them by (i) education and training about cognitive bias awareness, 
(ii) using standardized soil samples as references for self-calibration, and (iii) deriving final GSD assessments as the average of multiple 
independent expert assessments. 
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1 INTRODUCTION 

Grain size distribution (GSD) serves as a fundamental 
parameter in soil characterization, underpinning a broad 
spectrum of geotechnical analyses, classifications, and design 
procedures. Established laboratory methodologies, notably 
sieve analysis and laser diffraction, yield standardized and 
reproducible results. However, manual visual and tactile 
estimation methods continue to play an important role in 
practice, particularly in preliminary site assessments, 
exploratory field studies, remote or inaccessible locations, or 
when laboratory methods are impractical due to logistical 
constraints. 

Standards such as ISO 14688-1 (2018) and ISO 14688-2 
(2018) offer general guidelines for manual estimation, yet these 
procedures inherently depend on subjective judgment. There 
are several practical advantages of manual GSD estimation: i) 
Rapid Assessment: Immediate availability of results that guide 
on-site decision-making; ii) Cost Efficiency: Reducing costs by 
minimizing dependence on laboratory resources; iii) 
Accessibility: Viability in remote, undeveloped, or difficult-to-
access locations; iv) Adaptability: Useful for large-scale 
reconnaissance and initial field investigations. Conversely, 
manual estimation methods exhibit several inherent limitations: 
i) Subjectivity and inconsistency: Variability arising from 
individual perceptual differences among practitioners; ii) 
Limited resolution: Difficulty accurately capturing fine-scale 
variations within GSDs; iii) Bias toward coarser fractions: Less 
suited in accurately representing finer fractions, such as silts 
and clays; iv): Bias towards finer fractions: Due to the adhesion 
of these particles or the missing of usable extraction or 
separation methods in the field. 

Introducing subjectivity and uncertainty into the results 
can compromise the integrity of geotechnical assessments and 
subsequent engineering decisions if unrecognized. Subjectivity 
in estimating grain sizes arises from individual perceptual 
differences and is frequently influenced by cognitive biases. 
Therefore, understanding these biases and their implications is 

critical for refining and improving manual GSD assessment 
practices. 

This contribution is based on Erharter et al. (2025) which 
proposes a new approach for estimating the required minimum 
sample mass for GSD analyses. In this work, a study “Grain 
size distribution characterization survey” was conducted where 
participants were asked to estimate the GSD of different 
visualizations of artificial soil samples to systematically 
investigate cognitive biases that affect GSD estimation. While 
this study was a minor side-part of Erharter et al. (2025), the 
focus of the present contribution is on this survey. The study’s 
outcomes are intended to inform practical strategies for bias 
mitigation, aiming at enhancing the reliability and robustness of 
manual soil characterization methodologies. 

2 COGNITIVE ESTIMATION BIASES 

Cognitive biases are systematic patterns of deviation from 
objective judgment that arise due to perceptual and cognitive 
processes. Within manual GSD estimation, several specific 
cognitive biases are particularly influential and can be 
described in the following way (based on Bond (2015)): 

 
 Anchoring Bias: To disproportionately weight initial 

observations and fail to adjust / deviate from that once 
conditions change. In soil characterization, this can be 
introduced, for example, if material from an exploratory 
drilling is mapped from the top to the bottom, and 
progressive GSD assessments are influenced by their 
preceding ones. For instance, Skretting et al. (2023), also 
showed how this affects geotechnical tunnel 
documentation where the assessment of the current tunnel 
face is influenced by preceding rock mass classifications. 

 Confirmation Bias: Observers interpret evidence in a way 
that reinforces existing beliefs or expectations, potentially 
ignoring contradictory information. In manual GSD 
assessments this would be the case if one expects a certain 
soil type to occur and then unconsciously weights all 
observations with respect to that soil type. 
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 Availability Bias: Judgments overly influenced by recent, 
prominent, or easily recalled experiences, rather than 
objective evaluation of current conditions. For example, if 
personnel read a publication focusing on a particular soil 
type, before a manual GSD assessment is conducted. 

 Positive Outcome Bias: To interpret things in a way that 
maximizes a certain positive outcome. For example, if a 
certain favored design methodology is only well calibrated 
for a certain soil type, a manual GSD assessment might be 
biased towards that soil type. 

 Overconfidence Bias: Practitioners, especially those with 
extensive experience, may exhibit unwarranted confidence 
in their estimations, leading to underestimated uncertainty 
or unrealistically precise estimations. 
 
These biases do not exclusively affect novices; even 

experienced professionals who rely on heuristic-based 
judgments may exhibit systematic deviations, particularly in 
unfamiliar or challenging geological contexts. 

3 GRAIN SIZE DISTRIBUTION CHARACTERIZATION 
SURVEY 

The present contribution uses the “grain size distribution 
characterization survey” from Erharter et al. (2025). The 
survey was conducted via the online platform ’Microsoft 
Forms’ and targeted geotechnical engineers and (engineering) 
geologists from all levels of experience. Participants were 
shown four high-resolution, computer-generated images of 
granular soil samples composed of spherical grains displayed 
on a standardized 500 × 500 mm field. Each image was 
provided with precise reference scales and representative grains 
of known dimensions, facilitating consistent estimation. 

The four samples that were provided to the participants are 
given in Figure 1 to Figure 4. High resolution versions of the 
images and the code to generate them and analyze them can be 
found in this GitHub repository: https://github.com/norwegian-
geotechnical-institute/sieve_analyses  

 
Figure 1. Sample 1 of the “grain size distribution characterization 
survey” from Erharter et al. (2025). (figure unmodified, licensed under 
CC-BY 4.0) 

 
Figure 2. Sample 2 of the “grain size distribution characterization 
survey” from Erharter et al. (2025). (figure unmodified, licensed under 
CC-BY 4.0) 

 
Figure 3. Sample 3 of the “grain size distribution characterization 
survey” from Erharter et al. (2025). (figure unmodified, licensed under 
CC-BY 4.0) 
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Figure 4. Sample 4 of the “grain size distribution characterization 
survey” from Erharter et al. (2025). (figure unmodified, licensed under 
CC-BY 4.0) 

Within a focused response collection period from 25th of 
November 2024 to 9th of December 2024 a total of 71, 81, 80 
and 80 responses were collected for the samples 1-4 
respectively. Participants were asked to estimate several grain 
diameters of the total GSD of the sample, specifically: 𝐷௠௜௡, 
𝐷ଵ଴, 𝐷ଷ଴, 𝐷ହ଴, 𝐷଺଴, 𝐷ଽ଴, 𝐷௠௔௫ 

Actual values of these parameters were predefined and 
known, enabling rigorous quantitative analysis of estimation 
accuracy and variance. Additional demographic data were 
collected, including professional specialization, industry 
affiliation, academic background, and level of professional 
experience. 

4 SURVEY RESULTS 

The results of the survey are shown in Figure 5 where the 
distribution of the participants responses is shown with violins 
in the background and the true value – measured virtually – with 
bold crosses. The survey data analysis revealed the following 
patterns: 

 
 Inter-observer variability: High variability was recorded, 

particularly for the larger grain fractions of sample 2 and 
sample 3 in general. 

 The average expert opinion is remarkably close to the true 
value in most cases and is within 10 mm of the fractions’ 
true value. 

 Comparable accuracy for different size parameters: 
Contrary to theoretical expectations, no significant 
differences were found in estimation accuracy between 
different grain size fractions. For example, it is not 
obviously easier to estimate the maximum grain size 
𝐷௠௔௫ over any other D-value. 

 The results for the 𝐷ଽ଴ of sample 4 are seen as an outlier 
as participants obviously perceived the sample as “gap 
graded” with the gap being at 𝐷ଽ଴ and either assigned this 
parameter to the smaller or the larger soil fraction. 

 

Figure 5. Results of the “grain size distribution characterization survey” from Erharter et al. (2025) showing the distribution of 
participants’ responses in relation to the true value. (figure unmodified, licensed under CC-BY 4.0) 
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5 DISCUSSION, CONCLUSIONS, 
RECOMMENDATIONS 

Manual GSD estimations remain central to initial soil 
evaluations but carry the inherent risk of cognitive bias-induced 
errors, potentially affecting downstream classification, design, 
and risk management outcomes. Results of a “grain size 
distribution characterization survey” from Erharter et al. 
(2025) were presented where the subjective assessment of GSD 
parameters based on synthetic soil samples was investigated. 
The results show that while there is substantial overall 
variability, it is not possible to estimate some grain sizes better 
than others and the visual assessment can be seen as equally 
good / poor for all grain size fractions. 

It should be noted that the samples (Figure 1 to Figure 4) 
represent artificially generated data, which served as the basis 
for the survey. Under real (on-site) conditions influences such 
as grain shape, color, water content and also the fact that part of 
the manual methods is the haptic determination might influence 
the results shown. 

One obvious consequence of this study could be to 
minimize the human factor in GSD estimations and thus limit 
the overall potential for the occurrence of cognitive biases. 
Image processing technology can be used for GSD estimation 
(Ferrer et al., 2021) that provides readily available quantitative 
results. This technology comes with its own issues, such as 
dependence on sufficient light conditions, homogeneous 
distribution of soil in a core box, noise correction, binarization 
and segmentation issues, etc. but it is generally seen as an 
appropriate means to reduce subjectivity in GSD estimations. 

Albeit this technology, manual GSD estimations will be 
around in the foreseeable future. To help reducing subjectivity 
in this process, the following recommendations are given: 

 
 Targeted cognitive bias awareness training and education 

is recommended for all professionals who engage in any 
kind of geological / geotechnical field estimation work 
such as GSD assessments. Bias-awareness is seen as the 
first step to reducing them and for that education is 
imperative. 

 Development and implementation of standardized 
reference materials that can be used as a reference during 
the GSD mapping. Having different samples of known 
GSD available and self-calibrating frequently can help to 
disrupt anchoring biases to possibly already biased prior 
assessments, confirmation- or availability biases. 

 The old saying that asking X geologists / geotechnical 
engineers for their assessments will yield at least X 
different outcomes is corroborated by this survey. 
However, the results also show that the average of these X 
multiple expert opinions is remarkably close to the true 
value in case of GSD assessments. It is consequently 
highly recommended that geological / geotechnical 
mapping tasks like GSD assessments are done by multiple 
experts independently and the results are then 
subsequently aggregated by means of statistics or simply 
expert discussion. 
 
By acknowledging biases, engineers can implement 

procedures to counteract them - from training in probabilistic 
thinking and decision-making under uncertainty, to employing 
new technologies that provide unbiased data overlays. The goal 
is not to eliminate the expert’s role, but to support it with self-
awareness and tools that guard against known failure modes of 
human cognition. As the industry moves forward, incorporating 
lessons from cognitive science will be key to advancing more 
reliable site characterization and design. Improving manual 

geotechnical assessments is as much about managing human 
factors as it is about refining technical methods. By doing so - 
through education, process improvements, and technology - 
geotechnical engineers can reduce the interpretive errors that 
arise from cognitive biases, leading to safer and more effective 
engineering outcomes. 
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