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a b s t r a c t
The present article is an attempt to use the “ILSI Research Foundation/Risk Science Institute Reports from the
Expert Working Group on Neurodevelopmental Endpoints” (2008) to help improve the quality of the
manuscripts submitted to Neurotoxicology and Teratology, as well as the quality of their review. The points
discussed in the present paper have been encountered during the peer-review process. A number of
recommendations are proposed on the basis of general principles (clarity, full disclosure, and evidence-based
interpretation) to help authors and reviewers. Clarity of language is a prerequisite, but clarity of purpose is
essential. The methodology and statistical analysis for each dependent variable should be unambiguously
presented and justiﬁed. Full disclosure encompasses a range of topics, such as deﬁning the sample size for each
experiment, clearly distinguishing between hypothesis-testing and hypothesis-generating (e.g., a priori vs. a
posteriori analyses), clearly deﬁning the statistical model appropriate to the study design and questions (e.g.,
repeated-measure approach), recognizing and addressing the multiplicity problem (e.g., conceptual unit for the
error rate), identifying the appropriate unit for statistical analysis (e.g., litter), addressing the results of all
analyses (e.g., “negative” results are important). Data interpretation should be evidence-based and not exceed the
limits of the ﬁndings.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction
In 2004 the International Life Science Institute (ILSI) gathered
expert working groups to address a number of questions raised
about developmental neurotoxicity endpoints that focused on four
topics, including the use of positive controls, test variability,
statistical analysis, and data interpretation. In 2008, Neurotoxicology and Teratology dedicated a special issue to the “ILSI Research
Foundation/Risk Science Institute Reports from the Expert Working
Group on Neurodevelopmental Endpoints” [2,4,12,14]. Even though
the ILSI reports were mainly concerned with addressing and
improving the quality of the developmental neurotoxicity studies
as per regulatory Guidelines [11,15], they can be used as a resource
and guidance for the conceptualization, design, and analysis of
other neurotoxicity studies and their submission to the journal.
Many of the principles and recommendations that came out of
these reports can be used to improve the quality of the research and
manuscripts submitted to this journal for developmental and adult
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neurotoxicity studies in general [4]. The intent of this article is to
provide suggestions to improve the quality and the review of
submissions to NT&T. Improvement in manuscript quality and
clarity is very important not only for the advancement of the ﬁeld,
but also for the potential impact of developmental and adult
neurotoxicity on other ﬁelds, future funding, as well as public
health and policy.
A number of comments mainly based on the previous ILSI reports,
have been assembled below to help authors and reviewers address or
avoid a number of points of discussion most frequently encountered
during the peer-review process. This list is not exhaustive. Comments
are provided below on these points as they relate to different sections
of a manuscript.

2. General
Communication clarity is of the utmost importance for all manuscripts. Manuscripts written by people whose primary language is not
English may beneﬁt from being reviewed by a scientist whose native
language is English to assure proper use of syntax and text clarity.
Foremost, the question(s) to be addressed by the study should be
clearly stated. Ideally, each study should have a clear statement of
purpose and ask speciﬁc questions, be designed to address these
questions and generate interpretable data that will answer them. Full
disclosure of all the study parameters and all results should be
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provided. The reader should feel conﬁdent after reading the method
section that he/she could duplicate the study.
3. Material and methods
3.1. Subjects
The total number of subjects (sample size) and their biological and
demographic characteristics (e.g., age, weight, and sex) should be given,
as well as their allocations to each of the different treatment groups. The
method used for group assignment should also be named and described,
e.g. randomization using a computerized pseudorandom number
generator, sequential assignment in order of time of birth, assignment
by exposure, etc. The assignment of subjects to groups should be
unambiguous. For data analysis it is important to distinguish between
“subjects” and “experimental units”. The distinction between them is
based on the concept of “independence”. Whereas subjects, as units of
measurement, do not have to be independent, experimental units have
to. In other words, the response of one experimental unit should be
independent of the response of another one. The distinction is crucial for
statistical analysis because the experimental unit (e.g., litter, school), not
the subject, should be the unit of analysis for proper data interpretation
[3–5]. Positive and negative controls should be used, as appropriate.
3.2. Apparatus
The equipment should be described with enough details so that
the reader would be able to visualize it, comprehend its functioning
and limitations (e.g., minimum detection limits), and have a clear
understanding of the nature of the variables it generates and of the
confounders potentially affecting them. Equipment calibration should
be addressed. Appropriate units of measurement should be used. For
example, the decibel (dB) is a dimensionless unit; therefore, to
express the absolute magnitude of a physical quantity, a reference
level has to be speciﬁed, such as dB(A), dB(HL), dB re 20 μPa or other.
It is necessary to report any calibration issues, equipment malfunction, measurement errors and other events potentially affecting the
data integrity and interpretation.
3.3. Procedures and study design
Some extraneous factors that are not treatment factors (e.g., time of
the day) can impact the response of interest and confounds its
interpretation. Such factors should be accounted for either in the
study design or in the data analysis. The study should be designed such
that confounders are eliminated or, if unavoidable, can be assessed to
enable appropriate data interpretation (e.g., performance in a learning
task without elementary motor assessment should be avoided). When
the subjects cannot all be tested at the same time or with the same
device, the testing sequence and/or the subject allocation to the devices
should be clearly described so that the reader can understand when and
where males and females, as well as members of all the treatment
groups are being tested. Ideally, males and females should be tested at
the same time if a comparison between them is desirable; otherwise,
testing males and females at different times, for example, leads to a
situation where sex and time would be inextricably intertwined and the
interpretation of the effect would be hopelessly confounded. No
statistical method could disentangle the sex and time effects. The
same is also true for all the treatment groups. Usually, the most practical
solution is to counterbalance for all relevant factors within and across
test sessions. Device equivalency should be documented as part of the
calibration process. Minor differences between devices can also be
addressed through counterbalanced assignment of subjects to devices
(e.g., auditory startle devices, homogenizers). As a general rule, the
investigator conducting the testing should be “blind” to treatment,
particularly when behavioral observations are recorded. When several

investigators have contributed to observations, the inter-observer
reliability should be addressed.
Both hypothesis-generating and hypothesis-testing types of
studies have their place in science. Whereas the former explores
data in search of unexpected clues or novel hypotheses, the latter
assesses a priori hypotheses according to a predetermined design and
analysis. It should be made very clear whether the manuscript is
describing an hypothesis-generating or an hypothesis-testing study
[17]. In Muller et al.'s words [10], an hypothesis-testing study
“demands that all hypothesis tests have been speciﬁed exactly and
[the] α [value] ﬁxed a priori.” (p. 114). If any aspect of the design or
analysis is modiﬁed post hoc (i.e., after examination of the data), that
part of the study must be considered as hypothesis-generating.
Presenting post hoc analyses as planned a priori evaluations is
inappropriate because it is misleading, it distorts the true probability
value of the analysis, it gives credence to a potentially illusory event
and makes it look like a well-founded, expected effect [1,7].
3.4. Statistical analysis
The manuscript should unambiguously state which type of analysis is
used for each of the variables analyzed, and give a rationale for its
selection. General statements, such as “ANOVAs were used where
appropriate”, are not informative and should not be used. The statistical
analysis should be guided by the experimental design (e.g., repeatedmeasure designs should be analyzed by a repeated-measure type of
analysis) and should be reported in detail (e.g., repeated-measures
ANOVA by the univariate approach with Greenhouse–Geisser correction,
or by the multivariate approach [with selected test criterion], or by the
mixed-effects model approach [with model selection for goodness of ﬁt,
for example]). All the between- and within-subject factors should be
clearly identiﬁed.
Data collected from the same subject at different times under
different technical conditions (e.g., when settings on the data
collection system, or the assessment tools have changed from one
time to another) may not be pooled into one repeated-measure
analysis if the data are not normalized to the same testing conditions.
For example, when startle data are collected in young and adult
animals, the ampliﬁcation setting is typically changed to optimize the
data accuracy within the appropriate recording range. As a result the
raw amplitude readings do not reﬂect the actual differences between
young and adult animals, and cannot be meaningfully incorporated
into a single repeated-measure analysis. However, if the data from
both young and adult animals can be expressed by reference to the
same scale (i.e., the same ampliﬁcation setting) following the
appropriate transformation, the data can be analyzed in a single
repeated-measure analysis.
The authors should address the multiplicity problem associated
with the generation of many p values [17]. The accepted Type I error
rate (α) should be reported and the unit for its conceptual error rate
identiﬁed (e.g., per comparison, familywise, experimentwise, etc.
[8,9,13]). When power is deﬁned, it should similarly be identiﬁed by
its conceptual unit (e.g., one-pair, per-pair, all-pairs power [4,13]).
The magnitude of a p value does not reﬂect the degree of relation
between dependent and independent variables. Special indices
measure strength of association, and authors are strongly encouraged
to use them [4]. It is more meaningful to compare effect sizes rather
than p values.
When litters or groups, such as schools, are used in the study, these
factors should be used as the unit of statistical analysis [3–5]. When
data are censored (i.e., an arbitrary maximal or minimum value is
assigned to a variable, such as a score of 3 min if no response is given;
often seen in passive avoidance tests as an example), the use of
statistical methodology especially designed to analyze such data
should be considered. Given that the tests designed to analyze
censored data are few, mostly distribution free, and do not typically
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have the ﬂexibility of parametric models, a general linear model can
be considered especially when the number of censored data points is
small. In such a case, the rationale for the selected choice should be
provided. More details can be found in Holson et al. [4] and in Muller
et al. [10].
4. Results
As stated above, whereas hypothesis-testing and hypothesisgenerating studies have different legitimate purposes, it is wrong and
misleading to present an hypothesis-generating study as hypothesistesting [1,4,7,10]. All analyses should be reported. It is strongly
recommended that exact p values be provided [16]. Expressing them
as inequalities (e.g., p < 0.05) or tabular “⁎” not only unnecessarily
reduces their informational content, but can lead to different interpretations when, in fact, the p values may be the same for all practical
purposes (e.g., p = 0.049 or p = 0.051 would be reported either as
p < 0.05 or non-signiﬁcant, or be represented by the presence or absence
of an “⁎”). If all p values are not provided, their total count (declared
statistically signiﬁcant or non-signiﬁcant) should be provided to help
the reader understand the extent of the analyses performed during the
study. A single “extremely” statistically signiﬁcant difference provides
less scientiﬁc evidence than valid data replication [6] or complementary
ﬁndings across test variables.
4.1. Tables and ﬁgures
Indices of central tendency should always be accompanied by an
index of dispersion of raw data. When a mean is reported, the
standard deviation (SD) should also be provided in preference to the
standard error of the mean (SEM). The SD quantiﬁes scatter of the raw
data whereas the SEM estimates the range where the true mean of the
population lies. The SEM is always smaller than the SD, and decreases
with increased sample size, whereas the SD gets more precise with
increased sample size, but can increase or decrease. The authors can
always justify the use of the SEM if they feel that the SEM is more
appropriate. As much as possible, graph axes should not be truncated;
if truncation is needed, the legend should indicate so. Graphs should
reﬂect data variability, not distort it. A graph is worth a thousand p
values.
5. Conclusion
The over-interpretation of results is not acceptable, e.g., the
interpretation should be logical, reasonable, evidence-based and not
exceed the limits of the ﬁndings. Caution and conservativeness are
proper here. Hypothesis-generating studies result in new hypotheses,
and have a different purpose than hypothesis-testing studies. Statistical
analysis should be used as a guide for data interpretation. It should be
seen as an incentive for going back to the data and looking at them in the
context of other data to detect patterns. The ﬁnal interpretation should
also be evidence-based and, for example, include dose–response
relationships and its anticipated shape, available information on the
toxicity of the chemical under study, its mode of action, historical
control data, etc. [4,14]. A statistically signiﬁcant difference from
controls may either be a false positive, or may indicate a real treatment
effect, which may or may not be adverse (i.e., statistical vs. biological
signiﬁcance). Similarly, a non-statistically signiﬁcant difference may
either be a false negative, or may hide a real treatment effect, which may
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or may not be adverse (e.g. small expected effect in study with reduced
power). Interpretation should address biological plausibility and the
biological and/or functional signiﬁcance of the results. It should be based
more on trends than on fragments. If the data are relevant to human
health, it is strongly recommended that the authors compare the dose
levels and route of administration used in their study with known or
estimated human exposures or exposure guidelines (e.g., threshold
limit values). Unreported analyses and selective data presentation and
citations can mislead the reader and misdirect future science. As such,
these practices are scientiﬁcally and ethically unacceptable.
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