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Abbreviation / acronym Description 

A-Optimal Average-Optimal 

D-Optimal Determinant-Optimal 

I-Optimal Integrated-Optimal 

API Application Programming Interface 

EC50 5ǊǳƎΩǎ ƘŀƭŦ ƳŀȄƛƳŀƭ 9ŦŦŜŎǘƛǾŜ /ƻƴŎŜƴǘǊŀǘƛƻƴ 

ED Experimental Design 

eNM eNanoMapper 

ENM Engineered NanoMaterials 

FED Factorial Experimental Design 

IED Iterative Experimental Design 

ILT Inter-Laboratory Testing 

JQ JaqPot Quattro 

JSON JavaScript Object Notation 

nQSAR nano-QSAR 

OECD 
Organisation for Economic Co-operation and 
Development 

PCA Principal Component Analysis 

PLS Partial Least Squares 

PMML Predictive Model Markup Language 

QSAR Quantitative Structure-Activity Relationship 

UI User Interface 

 
A list of terms used within the project is accessible at: 
http://www.enanomapper.net/library/enm-dictionary 
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1. EXECUTIVE SUMMARY 
 
This deliverable report describes extensions of the ǘƻƻƭǎ ŀǾŀƛƭŀōƭŜ ƛƴ ŜbŀƴƻaŀǇǇŜǊΩǎ WŀǉǇƻǘ vǳŀǘǘǊƻ όWvύ 
modelling infrastructure, by integrating capabilities for performing optimal experimental design and 
interlaboratory proficiency testing. In the first case, researchers may optimise the parameters of their 
experiments either from the very beginning (when they start designing the experiments) or improve 
their existing workflow in an iterative fashion. In the second case, a coordinator may collect 
measurements from laboratories to assess potential bias in their pipeline by comparing the values to 
those of other labs and issue suggestions for improving their experimental procedure. These tools have 
been developed and deployed as web services built in R and Python respectively. We first indicate and 
demonstrate these additions via the JQ API and then present a complete walkthrough using the JQ user 
interface (UI).  
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2. INTRODUCTION 
 
 
Experimental design is of crucial importance in the field of ENMs due to the high cost and complexity of 
conducting such experiments. The significant variability of reported biological and toxicity outcomes on 
nominally identical materials has challenged the reliability of current testing approaches. A major source 
of variability is due to the fact that testing methods, experimental conditions, and protocols used by 
different measurement laboratories are not consistent and standardised. Assessment of the biological 
and environmental impacts of ENMs can be accelerated, if sources of reliability and irreproducibility can 
be identified and suitable standard reference materials, assays, and procedures can be established 
internationally.  
 
Task 4.5 of the eNanoMapper project has developed computational and software tools for supporting, 
serving and validating inter-laboratory experimental work, interdisciplinary collaboration between 
experimental and computational scientists and the mutual need for creating quality-driven guidelines 
for experimental design: 
 

i) The eNanoMapper modelling infrastructure developed in Tasks 4.3, 4.4 and demonstrated 
in Deliverables 4.3, 4.4 has been extended and tailored to provide directives on which ENMs 
and under which structures and conditions testing should be carried out to obtain a better 
exploration of the domain using the minimum possible number of experiments. Optimal 
ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ Ƙŀǎ ōŜŜƴ ŀŘǾŀƴŎŜŘ ōŜȅƻƴŘ ǘƻŘŀȅΩǎ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ōȅ ƛƴǘŜƎǊŀǘƛƴƎ 
established experimental design methods (such as D-optimal design) with predictive 
modelling algorithms to develop sequential procedures, taking into account the available 
experimental data and the model predictions in each iteration.  
 

ii) New functionalities have been developed and offered as ready to use web applications for 
organising and analysing inter-laboratory tests that allow the assessment of bias within labs 
by ensemble comparisons of endpoint measurements on the same ENM by the different 
laboratories. Computational and visualization tools (e.g. z-score and zeta-score histograms) 
have been developed and provided through the framework for validating the reliability and 
reproducibility of measurement methods and assessing the performance of individual 
laboratories, according to the ISO13528. 

 
The new functionalities have been implemented as extensions of both the Jaqpot Quattro (JQ) API 
(Figure 1, http://app.jaqpot.org:8080/jaqpot/swagger) and the JQ user application (Figure 2,  
http://test.jaqpot.org:8000/), and they are compatible with the eNanoMapper database and the rest of 
the modelling services.  Section 3 of this report describes the experimental design (ED) and 
interlaboratory testing (ILT) schemes made available by JQ functionality. Particularly, two ED schemes 
are implemented, namely the factorial experimental design (FED) which can be used when an 
experimental group starts planning the experiments and the iterative experimental design (IED) 
approach which assumes that some experimental data are already available and the group designs the 
next round of experiments. The ILT scheme is assessing bias among many laboratories based on 
consensus opinion for the same measurement using 8 statistical tests according to OECD guidelines.  A 
full demonstration of the JQ workflow is given in section 4, with the help of the JQ user interface for the 
visualization of the functionality of the web services.  
 

http://app.jaqpot.org:8080/jaqpot/swagger
http://test.jaqpot.org:8000/
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Figure 1: JQ API found at http://test.jaqpot.org:8080/jaqpot/swagger/ 
 
 

 
 

Figure 2: JQ user interface found at http://test.jaqpot.org:8000/  
  

http://test.jaqpot.org:8080/jaqpot/swagger/
http://test.jaqpot.org:8000/
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3. INTEGRATED ANALYSIS API 
 
This section describes JQ experimental design and interlaboratory testing algorithm services. As 
mentioned in deliverable D4.3, these require input data in a standardized format in order to generate 
their output, and raw experimental data cannot be used directly for such purposes. Therefore, for 
correct formatting of datasets please refer to the Conjoiner service section in D4.3. Once appropriate 
datasets exist, users may use the services described below in this document, both on API (described in 
this section) and UI (see section 4) levels. 

3.1. EXPERIMENTAL DESIGN API 

As originally introduced in section 5.4 of D4.1, an initial approach of ED algorithm is the FED which builds 
upon the description of a specific experiment and its variables. This is an ED special case which should 
be applied when the experimental laboratory starts designing the experiments. In addition, an 
alternative approach is considered, IED, when some experimental data have been collected and the aim 
ƛǎ ǘƻ ǎǳƎƎŜǎǘ ǘƘŜ ƴŜȄǘ ŜȄǇŜǊƛƳŜƴǘǎ ƻǊ ΨǘǊƛŀƭǎΩ ǘƘŀǘ ƴŜŜŘ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘΦ ¢ƘŜ Ǝƻŀƭ ƛƴ ŀƭƭ ŎŀǎŜǎ ƛǎ ǘƻ 
ŜǎǘƛƳŀǘŜ ǘƘŜ ΨƻǇǘƛƳŀƭΩ 95Σ ƛΦŜΦ ǘƘŜ ƻƴŜ ǘƘŀǘ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǿƻǳƭŘ ŎƻǾŜǊ ǘƘŜ ǇŀǊŀƳŜǘŜǊ 
space in the best possible way (Atkinson et al., 2007). The suggested experiments are selected based on 
three available optimization criteria, namely Determinant-Optimal (D-Optimal), Average-Optimal (A-
Optimal), and Integrated-Optimal (I-Optimal). Optimal designs are optimizations based on a chosen 
optimality criterion and the model that will be fit (section 5.4 of D4.1). For instance, the optimality 
criterion of D-Optimal design results in minimizing the generalized variance of the parameter estimates 
for a pre-specified model. Then the optimal set of design runs is chosen from a candidate set of possible 
design treatment runs. This candidate set of treatment runs usually consists of all possible combinations 
of various factor levels that one wishes to use in the experiment. The computer algorithm generally uses 
ŀ ǎǘŜǇǇƛƴƎ ŀƴŘ ŜȄŎƘŀƴƎƛƴƎ ǇǊƻŎŜǎǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ǎŜǘ ƻŦ ǘǊŜŀǘƳŜƴǘ ǊǳƴǎΦ CŜŘŜǊƻǾΩǎ ƘŜǳǊƛǎǘƛŎ ŀǇǇǊƻŀŎƘ ǿŀǎ 
used to optimize the selection speed (Federov, 1972). The eNM ED web service is built as an R openCPU 
service calling an in-house R package called ExpDesignPkg3.0, which appropriately utilizes the AlgDesign 
cran package (Wheeler, 2004). The full R code can be found in 
https://github.com/enanomapper/ExpDesign .  

ITERATIVE EXPERIMENTAL DESIGN API 

An appropriate dataset in iterative experimental design is either a dataset of untested ENMs, i.e. ENMs 
for which experimental measurements are available only for input variables (independent variables, 
such as physicochemical descriptors) or a dataset containing both untested ENMs and tested ENMs, i.e. 
for some ENMs in the dataset endpoint values have already been measured (assuming in this case that 
that iterative design has started in a previous iteration). In either case the researcher is seeking to find 
out the best set of untested ENMs in the dataset, whose endpoint values need to be measured. For 
example, in the first case, the endpoint variable could be the half maximal effective concentration of a 
drug (EC50) for 15 untested ENMs and the question would be which experimental EC50 values to 
measure, whereas in the latter case five, say, EC50 experiments would have been conducted and the 
question would be to identify the next experimental values to be measured from the remaining ten 
ENMs. An example screenshot of a dataset suitable for ED in JSON format is shown in Figure 3. This can 

https://github.com/enanomapper/ExpDesign
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be retrieved using GET on a dataset with the άŎƻǊƻƴŀ-ŜȄǇέ ID using the API, or at 
http://test.jaqpot.org:8000/data_detail?name=corona-exp  via the UI. 
 

 
 

Figure 3: Dataset example for ED in JSON format. The ED algorithm will suggest which of the 
ŜƴŘǇƻƛƴǘ ΨƴǳƭƭΩ ǾŀƭǳŜǎ ǎƘƻǳƭŘ ōŜ ƳŜŀǎǳǊŜŘΦ 

 
The IED scheme as implemented for the eNM platform is based on the work published by Brandmaier et 
al. (2012) and Brandmaier and Tetko (2013), i.e. it is an adaptive approach that combines optimal 
criteria (D-Optimal, A-Optimal, I-Optimal) with partial least squares (PLS) and leave-one-out cross 
validation or principal component analysis (PCA). Particularly, the realization of the nano-chemical space 
is built with either PLS components (when tested ENMs are included in the dataset) or PCA components 
(when the dataset contains only untested ENMs). The latent variables from PLS are ranked by their 
correlation to the endpoint variable, whereas the principal components from PCA are ranked by their 
variance in the descriptor space (Brandmaier et al., 2013). 

 
The implemented algorithms can be retrieved via the API by using GET algorithm by ID and type the 
fƻƭƭƻǿƛƴƎ ƛŘǎ άƻŎǇǳ-expdesign2-xyέ ƻǊ άƻŎǇǳ-expdesign2-Ȅέ, depending on whether endpoint 
experimental measurements are or are not included in the data. In order to use this service, users must 
POST several parameters under the algorithm POST by ID option (Figure 4ύΦ ά¢ƛǘƭŜέ ŀƴŘ άŘŜǎŎǊƛǇǘƛƻƴέ ŀǊŜ 
ƻǇǘƛƻƴŀƭΣ ōǳǘ ǳǎŜǊǎ ŀǊŜ ǳǊƎŜŘ ǘƻ Ŧƛƭƭ ǘƘŜƳ ƛƴ ŀǎ ǊƛƎƻǊƻǳǎƭȅ ŀǎ ǇƻǎǎƛōƭŜ ŦƻǊ ŎƻƳǇƭŜǘŜƴŜǎǎΦ ¢ƘŜ άŘŀǘŀǎŜǘ ¦wLέ 
must be experimental design-compliant, meaning that the endpoint variable is optional but if included 
ǘƘŜȅ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ ƳƛǎǎƛƴƎ άƴǳƭƭέ ǾŀƭǳŜǎ όƛΦŜΦ ǎƻƳŜ ŜƳǇǘȅ ŎŜƭƭǎ ƛƴ ǘƘŜ ŜƴŘǇƻƛƴǘ ŎƻƭǳƳƴ ƻf the data 
matrix from which IED ǎƘƻǳƭŘ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƳŀƭ ǎŜǘύΦ ¢ƘŜ ŘŀǘŀǎŜǘ άŎƻǊƻƴŀ-ŜȄǇέ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜ ƛǎ ŀ 

http://test.jaqpot.org:8000/data_detail?name=corona-exp
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representative example. The service automatically detects whether an endpoint variable άtǊŜŘƛŎǘƛƻƴ 
ŦŜŀǘǳǊŜέ ǿƛǘƘ ƳƛǎǎƛƴƎ ǾŀƭǳŜǎ is available.  

  
The IED service awaits five parameter values; the list is given below. Please note, however, that for 
completeness we include in parentheses the terms as they appear in JQ UI and will be further discussed 
in section 4.1.:  

1. άƴ¢Ǌƛŀƭǎέ όάbǳƳōŜǊ ƻŦ ¢ǊƛŀƭǎέύΣ ŀ ƴǳƳŜǊƛŎ ǾŀƭǳŜ ƛƴŘƛŎŀǘƛƴƎ ƴǳƳōŜǊ ƻŦ ǘǊƛŀƭǎ ǎǳƎƎŜǎǘŜŘΦ LŦ 
not supplied then the default value 11 is used, however in the current version a value greater than 4 is 
expected.   

2. άŎǊƛǘŜǊƛƻƴέ όάhǇǘƛƳŀƭ ŘŜǎƛƎƴ ŎǊƛǘŜǊƛƻƴέύ ŀ ŎƘŀracter value to indicate which optimal 
design to apply (possible values ŀǊŜ ά5έΣ ά!έΣ άLέύΦ  

3. άǊнΦǘƘǊŜǎƘƻƭdέ όάwн ǘƘǊŜǎƘƻƭŘέύ ŀ ƴǳƳŜǊƛŎ ǾŀƭǳŜ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ wн ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜΦ LŦ ǘƘŜ 
data supplied provides R2 value greater than the threshold value, a warning message is returned.  

4. άŦƻǊƳέ όά5ŜǎƛƎƴ ŦƻǊƳǳƭŀέύΣ ŀ ǎǘǊƛƴƎ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ŦƻǊƳǳƭŀ ƻŦ ǘƘŜ ŘŜǎƛƎƴ ŀǎ ŘŜŦƛƴŜŘ ƛƴ 
!ƭƎ5ŜǎƛƎƴ w ǇŀŎƪŀƎŜ όǇƻǎǎƛōƭŜ ŦƻǊƳǳƭŀǎ ŀǊŜ άƭƛƴŜŀǊέΣ άǉǳŀŘέ ŦƻǊ ǉǳŀŘǊŀǘƛŎ ƳƻŘŜƭǎΣ άŎǳōƛŎέΣ άŎǳōƛŎ{έ ŦƻǊ ŀ 
non-singular representation of a cubic model) 

5. άƴŜǿ¸έ όάbŜǿ 5ŜǇŜƴŘŜƴǘ ±ŀǊƛŀōƭŜέύΣ ŀ ǎǘǊƛƴƎ ƴŀƳŜ ƻŦ ǘƘŜ ƴŜǿ ŘŜǇŜƴŘŜƴǘ ŦŜŀǘǳǊŜΣ 
when the dataset does not contain any variable with missing values. 

 
Parameters should be given in JSON format, for example:  
 
{"nTrials":[5],"criterion":["D"],"r2.threshold":[0.8],"form":["linear"],"newY":"newY"} 
 

Please note that the last variable is only needed for the ocpu-expdesign2-x service, and also that the 
ŎǳǊǊŜƴǘ ǾŜǊǎƛƻƴ ŀǿŀƛǘǎ ŀǘ ƭŜŀǎǘ п ǎŀƳǇƭŜǎ ƛƴ ǘƘŜ ŘŀǘŀΦ .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά¢Ǌȅ ƛǘ ƻǳǘΗέ ŀ ƳƻŘŜƭ ƛǎ ŎǊŜated with 
IED results and its ID is returned. Then the API POST model by id service is used to create a dataset with 
the first column being the suggested trials of IED analysis. 
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Figure 4: API for IED experimental design found at 
http://test.jaqpot.org:8080/jaqpot/swagger/#!/algorithm/trainModel  

 
 

The result is a dataset, which additionally to the dataset supplied, contains the suggested trials (i.e. the 
untested ENM for which endpoint values should be measured, Figure 5). This object is a binary vector 
with 1 indicating suggested trial. Additional information is also included: the R2 value of the model if the 
endpoint variable is given, the confounding effect (i.e. the diagonality of the design, excluding the 
constant, if any), and the normalized variance of the design.   

http://test.jaqpot.org:8080/jaqpot/swagger/#!/algorithm/trainModel
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Figure 5: The new dataset produced for IED experimental design. The column άsuggestedTrialsέ is the 
output of IED whereas the remaining columns are the original data provided. 

 

FACTORIAL EXPERIMENTAL DESIGN API 

If no more than a description of the experiments is available and researchers have decided on the 
protocol of the experiments including which variables are of interest and what are the levels that should 
be tested, a factorial design could be used to construct the design matrix, that is a table with all possible 
combinations of variables and levels. Then, relatively to the above, the optimal criteria application via 
IED ŀƴŘ άƻŎǇǳ-expdesign2-Ȅέ ŀƭƎƻǊƛǘƘƳ ǎƘƻǳƭŘ ŘŜŎƛŘŜ ƻƴ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴǎ ǘƘŀǘ ŀǊŜ Ƴƻǎǘ 
relevant to the question of interest. For instance, if the question is to estimate the most relevant 
parameters and levels to the EC50 endpoint variable, and the parameters considered where three with 
three levels each, the FED would construct a 33 full factorial design matrix, then PCA will be applied and 
CŜŘŜǊƻǾΩǎ ŜȄŎƘŀƴƎŜ ŀƭƎƻǊƛǘƘƳ ǿƻǳƭŘ ǎǳƎƎŜǎǘ ŀƴ ƻǇǘƛƳŀƭ ŘŜǎƛƎƴ ƎƛǾŜƴ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ŎǊƛǘŜǊƛƻƴ όά5έΣ ά!έΣ 
άLέύ ǎǇŜŎƛŦƛŜŘΦ   
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The implemented FED algorithm can be retrieved via the swagger API by using GET algorithm by ID and 
ǘȅǇŜ άƻŎǇǳ-expdesign2-ƴƻȄȅέΦ Lƴ ƻǊŘŜǊ ǘƻ ǳǎŜ ǘƘƛǎ ǎŜǊǾƛŎŜΣ ǳǎŜǊǎ Ƴǳǎǘ th{¢ ǎŜǾŜǊŀƭ ǇŀǊŀƳŜǘŜǊǎ ǳƴŘŜǊ 
ǘƘŜ ŀƭƎƻǊƛǘƘƳ th{¢ ōȅ L5 ƻǇǘƛƻƴ άǘƛǘƭŜέ ŀƴŘ άŘŜǎŎǊƛǇǘƛƻƴέ ŀǊŜ ƻǇǘƛƻƴŀƭΣ ōǳǘ ǳǎŜǊǎ ŀǊŜ ǳǊƎŜŘ ǘƻ Ŧƛƭƭ ǘƘŜƳ 
in. Users must also POST the following parameters (terms in parentheses are those appearing in JQ UI):  
1. άƴ±ŀǊǎέΣ ŀ ƴǳƳŜǊƛŎ ǾŀƭǳŜ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŘŜǎƛƎƴΣ 
2. άǾŀǊbŀƳŜǎέΣ ŀƴ ŀǊǊŀȅ ƻŦ ƭŜƴƎǘƘ άƴ±ŀǊǎέ ǿƛǘƘ ǎǘǊƛƴƎǎ ŦƻǊ ǘƘŜ ǾŀǊƛŀōƭŜ ƴŀƳŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘhe 
design,  
3. άƭŜǾŜƭǎέΣ ŀ ƭƛǎǘ ƻŦ ŀǊǊŀȅǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǇŀǊǘƛŎǳƭŀǊ ƭŜǾŜƭǎ ǇŜǊ ǾŀǊƛŀōƭŜΣ ƛǘ Ŏŀƴ ōŜ ŀƴ ƛƴǘŜƎŜǊ ƛŦ 
levels of all variables are equal.   
4. άƴ¢Ǌƛŀƭǎέ όάbǳƳōŜǊ ƻŦ ǘǊƛŀƭǎέύΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǳƎƎŜǎǘŜŘ ǘǊƛŀƭǎΦ LŦ ƴƻǘ specified, the default value 
11 is used. 
5. άŎǊƛǘŜǊƛƻƴέ όάhǇǘƛƳŀƭ 5ŜǎƛƎƴ /ǊƛǘŜǊƛƻƴέύΣ ǇƻǎǎƛōƭŜ ƻǇǘƛƻƴǎ ŀǊŜ ά5έΣ ά!έΣ ŀƴŘ άLέ όǎŜŜ ǎŜŎǘƛƻƴ 
3.1.1), 
6. άŦƻǊƳέ όά5ŜǎƛƎƴ ŦƻǊƳǳƭŀέύ ǇƻǎǎƛōƭŜ ƻǇǘƛƻƴǎ ŀǊŜ άƭƛƴŜŀǊέΣ άǉǳŀŘέΣ άŎǳōƛŎέΣ άŎǳōƛŎ{έ,  
7. άŦŀŎǘƻǊǎέΣ ŀ ƴǳƳŜǊƛŎ ŀǊǊŀȅ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ƛƴ ŀǎŎending order which are the factor/categorical 
ǾŀǊƛŀōƭŜǎ όƛŦ ŀƭƭ ǾŀǊƛŀōƭŜǎ ŀǊŜ ƴǳƳŜǊƛŎ άлέ ǎƘƻǳƭŘ ōŜ ŘŜŎƭŀǊŜŘύΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǾŜǊǎƛƻƴ ƻƴƭȅ ƴǳƳŜǊƛŎ 
variables are accepted.  
8. άƴŜǿ¸έΣ ŀ ǎǘǊƛƴƎ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ǘƻ ōŜ ƳŜŀǎǳǊŜŘ 
 
Parameters should be given in JSON format, for example:  
 
{"nVars":[3],"varNames":["a","b","c"],"levels":{"a":[30,40],"b":[10,20,30],"c":[1,2,3]}, 
"nTrials":[5],"criterion":["D"],"form":["linear"],"factors":[0],"newY":["CA"]} 
 
.ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά¢Ǌȅ ƛǘ ƻǳǘ!έ ŀ model is created with FED results and its ID is returned. Figure 6 shows a 
screenshot of the POST API FED service. Then an empty dataset should be created by using the POST 
dataset service. The datasetUri produced and the model id are given to the POST by id model service to 
ǇǊƻŘǳŎŜ ǘƘŜ Ŧǳƭƭ ŦŀŎǘƻǊƛŀƭ ŘŜǎƛƎƴ ǿƛǘƘ ŀƴ ŜȄǘǊŀ ŎƻƭǳƳƴΣ ŎŀƭƭŜŘ άǎǳƎƎŜǎǘŜŘ¢ǊƛŀƭǎέΣ ƛƴŘƛŎŀǘƛƴƎ ǿƛǘƘ άмέ ǘƘŜ 
ƴŜǿ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ōŜ ǇŜǊŦƻǊƳŜŘΣ ŀƴŘ άлέ ƻǘƘŜǊǿƛǎŜ όCƛƎǳǊŜ тύΦ 
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Figure 6: API for FED experimental design found at 
http://test.jaqpot.org:8080/jaqpot/swagger/#!/algorithm/trainModel 

 
 

http://test.jaqpot.org:8080/jaqpot/swagger/#!/algorithm/trainModel
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Figure 7: FED experimental design output via the API 
 
 

3.2. INTERLABORATORY TESTING API 

In this section we will describe the usage of the interlaboratory testing functionality of JQ. 
Interlaboratory proficiency testing is a series of statistical tests used to assess bias in laboratories and 
increase repeatability of experiments according to international standards (ISO 13528:2015). This can be 
carried out by processing the reported measurement results of laboratories on either reference 
materials for which an expected range of values exists, or on the consensus outcomes of a group of 
laboratories.  
 
A coordinator for the proficiency testing is responsible for collecting the results from each laboratory, in 
order to provide homogenous datasets and anonymise the laboratories for the report. Based on the JQ 
system architecture and the functionalities provided, it is evident that in order to carry out such a test a 
dataset must be created, for which each entry in the dataset should be a different lab for measuring the 
same endpoint. JQ supports single and multiple entries, as well as uncertainties, should these have been 
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reported by the participating laboratories. An example screenshot of a dummy dataset suitable for 
interlaboratory testing in JSON format is shown in Figure 8. It is evident that it contains entries of the 
same nanoparticle by different owners and allows multiple measurements as well as uncertainties. This 
Ŏŀƴ ōŜ ǊŜǘǊƛŜǾŜŘ ǳǎƛƴƎ D9¢ ŘŀǘŀǎŜǘ ōȅ L5 όάƛƴǘŜǊƭŀō-ŘǳƳƳȅέύ ǳǎƛƴƎ ǘƘŜ !tLΣ ƻǊ ŀǘ 
http://test.jaqpot.org:8000/data_detail?name=interlab-dummy  via the UI. 
 
"dataEntry": [  
    {  
      "compound": {  
        "name": " G15.AC_5" ,  
        "ownerUUID": " FCSV- 8b479138- 4775- 3aba- b9cc- f01cc967d42b " ,  
        "URI":         
        "https://apps.ideaconsult.net/enmtest/substance/FCSV - 8b479138- 4775- 3aba- b9cc- f01cc967d42b"  
      },  
      "values": {       
"https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed+uncertainties
/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed642f9- 1b42- 387a- 9966- dea5b91e5f8a": [ 20 ],        
"https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929
A0F400A5AD8CA733B52E049A688/3ed642f9- 1b42- 387a- 9966- dea5b91e5f8a": [ 180, 175, 178 ]  
      }  
    },  
    {  
      "compound": {  
        "name": " G15.AC_5" ,  
        "ownerUUID": " FCSV- 8b479138- 4775- 3aba- b9cc- fasdfasdfasdf " ,  
        "URI":   
        "https://apps.ideaconsult.net/enmtest/substance/FCSV - 0e1a05ec- 6045- 3419- 89e5- 6e48e1c62e3c"  
      },  
      "values": {      
"https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed+uncertainties
/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed642f9- 1b42- 387a- 9966- dea5b91e5f8a": [ 0 ],         
"https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929
A0F400A5AD8CA733B52E049A688/3ed642f9- 1b42- 387a- 9966- dea5b91e5f8a": [ 203, 203, 203 ]  
      }  
    },  
...  
 

Figure 8: JSON Example for Interlaboratory testing. Each entry features the same nanoparticle but 
different owner. 

 
Based on their performance (8 discrete statistical tests), laboratories may receive action or warning 
signals, which include checking the measurement procedures, competence of staff and performing 
calibration of the laboratory equipment. Labs which do not receive any signals are considered to pass 
the statistical tests. 
 
Depending on the number of measurements provided by each lab, all datasets entered are subjected to 
ISO-provided algorithms for defining the robust average and robust standard deviation. Then the 
assigned value and uncertainty are calculated, the latter depending on whether the laboratories have 
provided their own or not.  
 
Once these values have been calculated the process continues by calculating performance statistics 
using ISO-defined bins (accepted ranges) and thresholds for estimates of laboratory bias, percentage 
differences, ranks, z-scores, En scores, ȊΩ ǎŎƻǊŜǎΣ ʸ-scores and Ez-scores. Values outside the bins or 
above/below these thresholds will receive warning or action signals. Several of these measurements are 
visualised for the user in the form of histograms of reported scores, bar plots of bias, Probability Plots, 
etc. 
 
The swagger API for interlaboratory testing can be found at 
http://test.jaqpot.org:8080/jaqpot/swagger/#!/interlab/interLabTest , as shown in Figure 9. In order to 

http://test.jaqpot.org:8000/data_detail?name=interlab-dummy
http://test.jaqpot.org:8080/jaqpot/swagger/#!/interlab/interLabTest
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ǳǎŜ ǘƘƛǎ ǎŜǊǾƛŎŜΣ ǳǎŜǊǎ Ƴǳǎǘ th{¢ ǎŜǾŜǊŀƭ ǇŀǊŀƳŜǘŜǊǎΦ Ψ¢ƛǘƭŜΩ ŀƴŘ ΨŘŜǎŎǊƛǇǘƛƻƴΩ ŀǊŜ ƻǇǘƛƻƴŀƭΣ ōǳǘ ǳǎŜǊǎ ŀǊŜ 
urged to fill them in as rigorously as possiōƭŜ ŦƻǊ ŎƻƳǇƭŜǘŜƴŜǎǎΦ ¢ƘŜ ΨŘŀǘŀǎŜǘ ¦wLΩ Ƴǳǎǘ ōŜ 
interlaboratory testing-compliant, meaning that all measurements should be on the same nanoparticle 
ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ƻǿƴŜǊǎΦ CƻǊ ǘƘƛǎ ǘǳǘƻǊƛŀƭ ǿŜ ƘŀǾŜ ŎǊŜŀǘŜŘ ŀƴŘ ǳǎŜŘ άƛƴǘŜǊƭŀō-ŘǳƳƳȅέΦ .ȅ ǾƛŜǿƛƴƎ ǘƘƛǎ 
dataset, ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ǘƘŜ άǇǊŜŘƛŎǘƛƻƴ ŦŜŀǘǳǊŜέ ƛǎ ά[ƻƎн transformedέΣ ǿƘƻǎŜ ¦wL ƛǎ 
https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transforme
d/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed642f9-1b42-387a-9966-dea5b91e5f8a . The 
service automatically detects whether another variable is present and assigns it as the reported 
ǳƴŎŜǊǘŀƛƴǘȅΣ ǎƘƻǳƭŘ ƛǘ ŜȄƛǎǘΦ .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά¢Ǌȅ ƛǘ ƻǳǘ!έ ŀ ǊŜǇƻǊǘ ƛǎ ŎǊŜŀǘŜŘ ŀƴŘ ƛǘǎ L5 ƛǎ ǊŜǘǳǊƴŜŘΦ ¢Ƙƛǎ Ŏŀƴ 
be viewed under the GET report by ID API, or at 
http://test.jaqpot.org:8000/report?name=zZxyLhWg28GXHrB  with the help of the UI, shown later in 
this document. 
 

 
Figure 9: API for interlaboratory testing, found at 

http://test.jaqpot.org:8080/jaqpot/swagger/#!/interlab/interLabTest 
 
  

https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed642f9-1b42-387a-9966-dea5b91e5f8a
https://apps.ideaconsult.net/enmtest/property/TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed642f9-1b42-387a-9966-dea5b91e5f8a
http://test.jaqpot.org:8000/report?name=zZxyLhWg28GXHrB
http://test.jaqpot.org:8080/jaqpot/swagger/#!/interlab/interLabTest
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4. INTEGRATED ANALYSIS USER 
APPLICATIONS 
 
This section of deliverable 4.5 presents the user applications which have been developed based on the 
APIs presented in Section 3 for optimal experimental design and interlaboratory comparison. The easy-
to-use web applications support the iterative and complementary work of experimental and modelling 
groups and have been integrated in the JQ modelling user interface.  

4.1. EXPERIMENTAL DESIGN USER APPLICATIONS 

As already explained in the previous section, ED algorithms assist users to either design additional 
experiments of an ongoing research project by calling IED or initial experiments by calling FED. In the 
first case given the data already available, a leave-one-out cross validation scheme is employed for a PLS 
regression model when the dataset contains some tested ENMs or a PCA representation of the data 
when the dataset does not contain any endpoint measurements. The suggested experiments are 
selected based on three available optimization criteria, namely D-Optimal, A-Optimal, I-Optimal. In the 
latter case, a full factorial design is built and the final choice of suggested experiments is based upon the 
PCA components of the created dataset optimised using one of the above mentioned criteria. 
 

ITERATIVE EXPERIMENTAL DESIGN USER APPLICATION 

Users must first specify the dataset that needs to be analysed, which would normally be a data matrix 
with some, or in the extreme case, all of the endpoint values missing. Subsequently, the user must 
specify the algorithmic parameters as shown in Fig. 10. Particularly, the user can name the analysis 
ǳƴŘŜǊ ǘƘŜ ά¢ƛǘƭŜέ ƻǇǘƛƻƴΣ ǎǇŜŎƛŦȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǳƎƎŜǎǘŜŘ ǘǊƛŀƭǎ ǊŜǘǳǊƴŜŘ ōȅ ǘƘŜ ŀƭƎƻǊƛǘƘƳ άbǳƳōŜǊ ƻŦ 
¢Ǌƛŀƭǎέ όǘƘŀǘ ǎƘƻǳƭŘ ōŜ ŀ ƴǳƳōŜǊ ǎƳŀƭƭŜǊ ƻǊ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƳƛǎǎƛƴƎ ŜƴŘǇƻƛƴǘ ǾŀƭǳŜǎύΣ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ 
ŎǊƛǘŜǊƛƻƴ ǳǎŜŘ όά5έΣ ά!έΣ άLέύΣ ŀ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ŦƻǊ ǘƘŜ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴŀǘƛƻƴ w2 of the existing 
dataset (a checkpoint service to alert the user in case this condition is already met), the formula used to 
ŎǊŜŀǘŜ ǘƘŜ ŘŜǎƛƎƴ ƛƴ ά5ŜǎƛƎƴ ŦƻǊƳǳƭŀέ όάƭƛƴŜŀǊέΣ άǉǳŀŘǊŀǘƛŎέΣ άŎǳōƛŎέΣ ƻǊ ŀ ƴƻƴ-singular representation of 
ŀ ŎǳōƛŎ ƳƻŘŜƭ άŎǳōƛŎ{έύΣ ŀƴŘ ǳƴŘŜǊ ǘƘŜ άbŜǿ 5ŜǇŜƴŘŜƴǘ ±ŀǊƛŀōƭŜέ ŦƛŜƭŘ ǎǇŜŎƛŦȅ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ƴŜǿ 
feature created to store the suggested trials. Please note that if the R2 value of the data (non-empty 
endpoint values) is higher than the threshold R2 value supplied, the dataset is assumed to be rich in 
information (no additional experiments are suggested) and the user is prompted to use the dataset for 
modelling purposes. 
 
¦ƴŘŜǊ ǘƘŜ ά{ŜƭŜŎǘ ǾŀǊƛŀōƭŜǎέ ŦƛŜƭŘ ǘƘŜ ǳǎŜǊ ǎŜƭŜŎǘǎ ƛƴŘŜǇŜƴŘŜƴǘ όƛƴǇǳǘύ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ ƘŜκǎƘŜ ƛǎ ŀōƭŜ ǘƻ 
define transformations using the PMML format (see D4.3). If the user wishes to keep all independent 
ǾŀǊƛŀōƭŜǎΣ ǘƘŜƴ ǘƘŜ ƻǇǘƛƻƴ ά{ŜƭŜŎǘ ŜƴŘǇƻƛƴǘ ƻƴƭȅέ ǎƘƻǳƭŘ ōŜ ŎƘƻǎŜƴΦ ¢ƘŜ ǾŀǊƛŀōƭŜ ǿƛǘƘ ƳƛǎǎƛƴƎ 
information is automatically detected and is displayed as the endpoint variable. If the dataset does not 
contain any variable with missing information, the user is prompted to generate and name a new 
ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ ά{ŜƭŜŎǘ ǎŎŀƭƛƴƎ ƳŜǘƘƻŘέ ŦƛŜƭŘ ǇŜǊŦƻǊƳǎ Řŀǘŀ ǎŎŀƭƛƴƎΦ 
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Figure 11 shows part of the results obtained for IED experimental design algorithm with the defaults 
parameters, when applied to a proteomics dataset consisting of 28 gold untested ENMs and 76 proteins 
όŘŀǘŀǎŜǘ ƛŘ άІƪǇbY.оǾ{½Yƪ¸Ȅ/Ȅƛŀ½[ǳέύ, which are considered as independent variables, while the net 
cell association to A549 human lung epithelial carcinoma cells is considered as the endpoint of interest. 
Experimental design statistics are reported in the top of the screen to help the user assess the results. 
The table underneath includes all 28 ENMs considered in the experimental design and an indication 
ŎƻƭǳƳƴ ƴŀƳŜŘ ΨtǊŜŘƛŎǘƛƻƴ ŦŜŀǘǳǊŜΩ όƛŦ ƴƻ ƻǘƘŜǊ ƴŀƳŜ ǿŀǎ ǎǳǇǇƭƛŜŘ ƛƴ ǘƘŜ άbŜǿ 5ŜǇŜƴŘŜƴǘ ±ŀǊƛŀōƭŜέ 
parameters field) which shows in red which should be the next experiments. After performing those 
experiments, the user can directly type results in this form and re-run the service to identify additional 
experiments. 
 

 
Figure 10: Algorithm options for IED service in JQ User Interface 

 
 

 
Figure 11: IED output showing the suggested ENMs for which experiments should be performed 

(in red colour)  
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FACTORIAL EXPERIMENTAL DESIGN USER APPLICATION 

In this case users need to specify all the independent variables, the parameters and characteristics of 
the experiments they wish to conduct (Fig. 12)Φ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛŜƭŘǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΥ άbǳƳōŜǊ ƻŦ ǘǊƛŀƭǎέ όǘƘŜ 
ǊŜǘǳǊƴŜŘ ƴǳƳōŜǊ ƻŦ ǎǳƎƎŜǎǘŜŘ ǘǊƛŀƭǎύΣ άhǇǘƛƳŀƭ 5ŜǎƛƎƴ /ǊƛǘŜǊƛƻƴέ όǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ŎǊƛǘŜǊƛƻƴ ǳǎŜŘΣ ƻƴŜ ƻŦ 
ά5έΣ ά!έΣ άLέύΣ and ά5ŜǎƛƎƴ ŦƻǊƳǳƭŀέ όǘƘŜ ŦƻǊƳǳƭŀ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ŘŜǎƛƎƴΤ ƻƴŜ ƻŦ άƭƛƴŜŀǊέΣ άǉǳŀŘǊŀǘƛŎέΣ 
άŎǳōƛŎέΣ άŎǳōƛŎ{έύΦ !ƴ interactive table is included where the user is expected to define all remaining 
parameters of his/her experiment. Particularly, the user should specify the names of independent 
ǾŀǊƛŀōƭŜǎ ǳƴŘŜǊ ǘƘŜ ŎƻƭǳƳƴ ά±ŀǊƛŀōƭŜǎέΣ ǘƘŜ ǘȅǇŜ ƻŦ each independent variable under tƘŜ ŎƻƭǳƳƴ ά¢ȅǇŜέ 
(currently only numeric variables are expected), and the explicit levels per variable in the remaining 
ŎƻƭǳƳƴǎΦ wƻǿǎκŎƻƭǳƳƴǎ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ŘŜǎŎǊƛōŜŘΦ !ƭǎƻΣ ŀ ά5ŀǘŀǎŜǘ ƴŀƳŜέ 
ŀƴŘ ά5ŀǘŀǎŜǘ ŘŜǎŎǊƛǇǘƛƻƴέ ǎƘƻǳƭŘ ōŜ filled in, so that the user can easily retrieve the produced dataset in 
the future. 
 
The output is shown in (Fig. 13). A full factorial design of 4 variables with different numbers of levels is 
ŎǊŜŀǘŜŘΣ ǘƘŜ ŎƻƭǳƳƴ ƴŀƳŜŘ άtǊŜŘƛŎǘƛƻƴ ŦŜŀǘǳǊŜέ ƛǎ ǘƘŜ ƴŜǿ ŎƻƭǳƳƴ ƻŦ ǘƘŜ ŘŀǘŀǎŜǘ ŎǊŜŀǘŜŘ indicating the 
endpoint variables and awaiting the new experiment values. The suggested ENMs for which 
experiments should be performed are indicated in red. The remaining columns indicate the levels for 
each of the 4 variables considered in this case. There is the option available to insert values in the 
άtǊŜŘƛŎǘƛƻƴ ŦŜŀǘǳǊŜέ ŦƛŜƭŘ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ά{ŀǾŜ 5ŀǘŀǎŜǘέ ŦƻǊ further analysis, either by IED or any 
other modelling algorithm. 
 

 
Figure 12: FED algorithm user interface and options 
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Figure 13: Part of FED algorithm output with suggested experiments (in red colour) 
 
 

4.1. INTERLABORATORY TESTING USER APPLICATIONS 

CREATING AN INTERLABORATORY TESTING REPORT 

¦ǎŜǊǎ Ƴŀȅ ŜƛǘƘŜǊ ŎƭƛŎƪ ƻƴ ǘƘŜ άLƴǘŜǊƭŀōƻǊŀǘƻǊȅ tǊƻŦƛŎƛŜƴŎȅ ¢ŜǎǘƛƴƎέ ōǳǘǘƻƴ ŦƻǳƴŘ ƻƴ ǘƘŜ ǊƛƎƘǘ ƘŀƴŘ ǎƛŘŜ 
ƻŦ ǘƘŜ Ƴŀƛƴ Wv ¦L ǇŀƎŜΣ ƻǊ ŀƭǘŜǊƴŀǘƛǾŜƭȅ Ǝƻ ǳƴŘŜǊ ǘƘŜ ά!Ŏǘƛƻƴǎέ ƳŜƴǳ ŀƴŘ ŎƭƛŎƪ ǘƘŜ άLƴǘŜǊƭŀō ¢ŜǎǘƛƴƎέ 
option. A screen will then prompt the user to select a dataset. Once a dataset suitable for 
interlaboratory testing (same nanoparticle and different laboratory for each entry) has been selected, 
users are prompted to provide a title and description for the report to be generated. Users (or 
coordinators in this case) are urged to be as thorough as possible with their description in order to be 
ŀōƭŜ ǘƻ Ŝŀǎƛƭȅ ƭƻŎŀǘŜ ǘƘŜƛǊ ǊŜǇƻǊǘ ŀǘ ŀƴȅ ǘƛƳŜΦ .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ άLƴǘŜǊƭŀō ¢ŜǎǘƛƴƎέ ōǳǘǘƻƴ ŀ ǘŀǎƪ ƛǎ 
created. Once finished, users can view the full report and download it as a pdf file. This contains single 
calculations, array calculations and figures. Single calculations include the title, description, robust 
average and standard deviation and calculated uncertainty of the assigned value. Array calculations 
contain detailed statistics, action and warning signals, ranks, dictionary containing lab real name and 
dummy name for anonymity in the report.  














