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Abstract: 

With regards to new insights, the scientific 

community has to rely on transparent and accurate reporting 

of design, conduct and outcomes of studies in order to allow 

readers, peer reviewers and editors an assessment of 

methodology and relevance. In animal experimentation, it 

was found that, to a disturbing extent, vital information such 

as the method of randomization and blinding is not or 

inadequately disclosed in publications. To make matters 

worse, a sizable number of animal studies is not reported at 

all, leading to an overstatement of intervention effects, 

unnecessary repetitions and premature clinical studies. Both 

factors contribute to translational problems where clinical 

trials do not reflect the results of preclinical findings and 

seriously impede therapy development. In addition, 

unnecessary in vivo studies present a considerable animal 

welfare issue. In 2010, two sets of guidelines were published 

with the aim of improving on project design and reporting, 

making meta- analyses and systematic reviews more feasible 

and reducing animal use: the Gold Standard Publication 

Checklist (GSPC) and the Animal Research: Reporting In 

Vivo Experiments (ARRIVE) guidelines. This mini-review 

focuses on the ARRIVE-Guidelines. 

Keywords: Guidelines, bias, reproducibility, 

translation, CONSORT, ARRIVE 
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1. Introduction 

The difficulties of translation from 

animal studies to human clinical trials 

(“bench to bedside”) have been increasingly 

recognized over the past decades with the 

most frequent cause of failure being lack of 

efficacy. In drug development, the success 

rates have fallen from 28 to 18% 

(Arrowsmith, 2011); with regards to 

translation into clinical studies, it was found 

that drug candidates from preclinical studies 

in cancer research fail to 95% in Phase I 

(Kola & Landis, 2004), and attrition rates in 

stroke drug development are at 99% 

(O'Collins et al., 2006). 

While the necessity of proper conduct 

and reporting as well as the avoidance of 

publication bias has long been recognized for 

human clinical trials, spurring several 

initiatives such as Consolidated Standards of 

Reporting Trials (CONSORT) (Begg et al., 

1996), Stroke Therapy Academic Industry 

Roundtable (STAIR) (Saver, Albers, Dunn, 

Johnston, & Fisher, 2009), Standards for the 

Reporting of Diagnostic accuracy studies 

(STARD) (Christopher, 2007), to name but a 

few, the importance of adequate design, 

conduct, and reporting of preclinical trials has 

taken longer to catch on. In recent years, 

several authors have pointed out the fact that 

poor quality of conduct and reporting have a 

direct influence on the success rate of clinical 

trials. A systematic review conducted in 2007 

compared the treatment effects of 6 

interventions in humans (benefit or harm) to 

the corresponding animal experiments and 

found that all animal studies were of poor 

quality regarding for example lack of 

reporting of allocation concealment, 

considerable heterogeneity of outcomes, 

evidence of publication bias or poor 

experimental design. Indeed, clinical trials 

(started after encouraging results from animal 

experimentation) resulted in an increased 

health risk in 2 interventions (Perel et al., 

2007). The poor quality of animal studies 

with resulting unsatisfactory clinical 

outcomes has been documented by a 

multitude of authors (for review please refer 

to (Hartung, 2013), such as (Horn, de Haan, 

Vermeulen, Luiten, & Limburg, 2001), 

(Pound, Ebrahim, Sandercock, Bracken, & 

Roberts, 2004), (Hackam & Redelmeier, 

2006), or (E. S. Sena, Briscoe, et al., 2010). 

One of the major causes has been 

identified as biased reporting. Randomization, 

investigator blinding and sample size 

calculation are the key approaches to assess 

and reduce bias in scientific work using 

animals (Krauth, Woodruff, & Bero, 2013). 

Non-blinded studies and non-randomized 

studies report exaggerated efficacies 

(Macleod et al., 2008), (van der Worp, Sena, 

Donnan, Howells, & Macleod, 2007), but 

both are mentioned in few publications 

(Kilkenny et al., 2009), (van der Worp, de 

Haan, Morrema, & Kalkman, 2005). The 

reporting of sample size calculation is very 

close to nil (E. Sena, van der Worp, Howells, 

& Macleod, 2007), (Kilkenny et al., 2009), 

(Macleod et al., 2015). 

The need to place more emphasis on 

design, conduct and reporting was voiced by 

many, e. g. (Ioannidis et al., 2014), (Kilkenny, 

Browne, Cuthill, Emerson, & Altman, 2010), 

and (Landis et al., 2012). Landis et al. have 

particularly specified the need to disclose 

details on the estimation and handling of data, 

(e.g. when and why data collection was 

stopped, criteria for inclusion/exclusion of 

data), on the question on how outliers are 

defined and handled and emphasized that 

primary endpoints are to be selected 

prospectively and not after the conclusion of 

the study. They find that, as a first step, 

journals and/or funders should provide 
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reviewers with clear guidance on the cores of 

study design and provide a minimum set of 

standards. 

There is no possible doubt that the 

publication bias is disastrous for meta-

analyses and systematic reviews. Indeed, as 

Briel et al. phrased it, it is one of the major 

threats to their validity (Briel et al., 2013). 

This is, to say the least, unfortunate, since 

these are indispensable tools: summarizing 

quantitatively the results of individual studies 

(meta- analyses) or identifying and evaluating 

existing evidence (systematic reviews). 

In the light of these findings, it is 

worrying (to say the least) that five years after 

the publication of the Gold Standard 

Publication Checklist (GSPC) by (Hooijmans, 

Leenaars, & Ritskes-Hoitinga, 2010) and the 

Animal Research: Reporting In Vivo 

Experimentation (ARRIVE) Guidelines by 

(Kilkenny et al., 2010) - the latter having been 

officially adopted into the author´s guidelines 

of more than 400 scientific journals - there is 

still low reporting of measures to reduce this 

bias, as was recently found in the field of 

rheumatology (Ting, Hill, & Whittle, 2015) 

and in vivo research in general (Macleod et 

al., 2015). 

2. The CONSORT Statement 

The Consolidated Standards of 

Reporting Trials (CONSORT) Statement was 

published in 1996, and was amongst the first 

responding to the poor reporting of 

randomized clinical trials (RCTs). Cochrane´s 

observation that “when humans make 

observations there is always the possibility of 

bias” was the lynchpin for the CONSORT 

initiative (Begg et al., 1996) in order to 

provide guidance on what to report in a 

research article. It was designed to assist 

authors in writing, editors and reviewers in 

reviewing, and readers in critically appraising 

articles while helping to identify potentially 

biased results. 

5 years after the publication of the 

CONSORT guidelines, it was evident that the 

reporting of RCTs still needed improvement. 

For example, a review of 122 published RCTs 

that evaluated selective serotonin uptake 

inhibitors (SSRI) for depression found that 

only a single one (0.8%) described the 

method of randomization adequately (Hotopf, 

Lewis, & Normand, 1997). As a consequence, 

the CONSORT Guidelines were revised in 

2001 (Altman et al., 2001) (Moher 2001), 

resulting in a version containing only the 

items absolutely necessary to reporting, 

leaving a 22-item checklist and flow diagram. 

Nevertheless, and in spite of that, the 

effects on publication quality appear difficult 

to assess: (Hill, LaValley, & Felson, 2002) 

looked at altogether 240 RCTs on adult 

rheumatic diseases published in two time 

periods before and after the introduction of 

CONSORT (1987-88 and 1997-98), their 

results hinting that CONSORT has led to 

improvements. In a similar vein, a 

comparison of publications dating from 2000 

and 2006, respectively, reported 

improvements but stated that quality remains 

comfortably beneath acceptable levels 

(Hopewell, Dutton, Yu, Chan, & Altman, 

2010). In a systematic review by (Plint et al., 

2006) the authors addressed the question of 

whether the CONSORT checklist has 

improved the quality of randomized trials. 

The results appear encouraging with regards 

to sequence generation and allocation 

concealment, but can provide no definitive 

answer due to the very low number of 8 out of 

the 248 studies retrieved e.g. in MEDLINE, 

EMBASE and others that met the inclusion 

criteria. 
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Another study on altogether 253 RCTs 

showed that in 15 journals endorsing 

CONSORT reporting has not improved 

consistently, with several essentials still being 

suboptimal (Mills, Wu, Gagnier, Heels-

Ansdell, & Montori, 2005). Altman, who 

performed a review of 167 high-impact 

medical journals (Altman, 2005) found that 

only 22% mention CONSORT in their 

Guidelines to Authors, and of those, a quarter 

referred to the obsolete 1996 version. 

By 2010, more than 400 journals 

supported CONSORT and a further update of 

the statements was performed (Schulz, 

Altman, & Moher, 2010). Still, the findings 

by Mills et al. were confirmed by Turner, 

although the group stated that there are 

relative improvements when CONSORT is 

endorsed by journals (Turner, Shamseer, 

Altman, Schulz, & Moher, 2012). 

3. Reporting of animal 

experimentation 

The problems with reporting on the 

results of animal experimentation are twofold: 

inadequate disclosure of vital measures to 

reduce bias such as randomization and 

blinding; and the “disappearing” of animal 

studies through no publication at all, both of 

which are detrimental to the field of science 

and to the development of effective therapies. 

Evidence on how exactly publication bias 

affects animal research is presently scarce: 

Sena et al. estimated a non- publication rate of 

13.6% in the area of non-ischemic stroke (E. 

S. Sena, van der Worp, Bath, Howells, & 

Macleod, 2010), but non-publication of 

negative results appears to be prevalent. In 

2012, ter Riet et al. performed a survey on 

454 participants working in animal research 

in 2012 – the first survey on animal 

experimenters focusing on publication bias. 

Despite a low return rate, and the survey 

being conducted in only one country, the data 

were complete enough to evaluate. From 

those 421 that were working “non-profit”, the 

answer was that 35-70% of conducted 

experiments on animals were published. Of 

those remaining, (n=21) responded that 5-

50% (average 10) are published. Notable was 

a discrepancy in the species of animals: Own 

work with large animals was published in 79-

100% (average 90%). Overall, the authors of 

the paper estimate that on average 50% of 

animal experiments are published, but it may 

be far less (ter Riet et al., 2012). 

The authors come to the conclusion 

that, if these results are representative, this 

could mean that the collective literature is 

biased. 

More recently, Tsilidis et al. have 

looked at 160 meta-analyses of animal 

experiments from the Collaborative Approach 

to Meta-Analysis and Review of Animal Data 

in Experimental Studies (CAMARADES) in 

neurological disorders and found that the 

number of published studies with positive 

(statistically significant) results is too large to 

be true (Tsilidis et al., 2013). They found 

evidence of excess significance in studies 

across all 6 areas of neurological diseases 

which the authors attribute to reporting biases. 

In addition, the observed “positive” results 

were three times the number that could be 

reasonably expected. 

Excess significance had previously been 

found by other authors as well (E. S. Sena, 

van der Worp, et al., 2010), and publication 

bias has been associated with exaggerated 

effect size (Macleod, O'Collins, Howells, & 

Donnan, 2004) as well as deficiencies in 

randomization and blinding (Crossley et al., 

2008), (Bebarta, Luyten, & Heard, 2003). 

Further authors who have expressed 

concern about distorted results and/or to 
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insufficient reporting of animal studies have 

been (Horn et al., 2001) (Hackam & 

Redelmeier, 2006), (Dirnagl, 2006), (Knight, 

2003), (Mignini & Khan, 2006), (Bracken, 

2009a), (Bracken, 2009b), and (Korevaar, 

Hooft, & ter Riet, 2011). In conclusion, the 

importance of these issues in laboratory 

animal research cannot be overstressed. 

Before this background, it seems almost 

incredible that adherence to the respective 

guidelines appears to be so difficult to 

achieve. As (Macleod et al., 2009) reviewed 

nearly 10 years after establishing the STAIR 

Guidelines, only a handful of researchers in 

the respective scientific community came 

even close to complying with them. There 

was still no effective neuroprotective drug in 

sight and the original hypothesis - that these 

guidelines would lead to improvements in 

translation - still remained to be proven. 

Incidentally, adherence to them was 

associated with a marked decrease in reported 

effect size, as O´Collins noted in a study on 

1,026 publications on acute stroke (O'Collins 

et al., 2006). The non-reporting of animal 

numbers or sample size calculations is a 

major failure, since underpowered studies 

may lead to overstatement of effects 

(Vesterinen et al., 2010), (Macleod et al., 

2015) and, more dramatically and 

importantly, erode the scientific database and 

can result in the downfall of an entire research 

area - as published by Button et al. for the 

field of Neurosciences (Button et al., 2013). 

By 2014, there were still few studies 

reporting blinding, randomization and 

allocation concealment as well as statistical 

design (E. S. Sena, Currie, McCann, Macleod, 

& Howells, 2014). This is in concordance 

with Baker et al., who also could not notice 

significant improvements in reporting after 

the adoption of ARRIVE (Baker, Lidster, 

Sottomayor, & Amor, 2014). The non-

compliance to guidelines was already noted 

by Altman for the CONSORT Guidelines 

(Altman, 2005), and poor effect of the 

guidelines on the quality of reporting was 

confirmed by (Turner et al., 2012). The same 

was seen by Macleod for STAIR (Macleod et 

al., 2009), and by (Coppus, van der Veen, 

Bossuyt, & Mol, 2006) for STARD, 

indicating that there appears to be an 

acceptance and implementation problem that 

is not specific to animal experimentation. 

Reporting Guidelines are also underused by 

peer reviewers (Hirst & Altman, 2012) and 

lack of adherence is overlooked by reviewers 

and editors (Coppus et al., 2006) 

In a survey by Grindlay (Grindlay, 

Dean, Christopher, & Brennan, 2014), whose 

aim was to assess the knowledge and views of 

veterinary editors-in-chief on reporting 

guidelines in general, 2 specific guidelines 

(REFLECT and ARRIVE) were considered 

especially relevant for the veterinary field. Of 

the altogether 68 responses the authors 

received, 47.1% (32/68) had no clue what a 

reporting guideline is; 24 had the information 

that specific guidelines exist, and of those, 23 

specified which guidelines in particular they 

were familiar with. 

ARRIVE came in second (after 

CONSORT), with 16 respondents. The survey 

included an open question part. Amongst the 

reasons for not adopting the ARRIVE 

guidelines were fear of losing submission, an 

increased workload for all involved, and a 

sense of tradition. 

4. The ARRIVE Guidelines 

Several authors had published on the 

reporting (or lack of reporting) of statistical 

methods in animal experimentation, although 

not in the form of a systematic survey, e.g. 

(Alfaro, 2005), (Smith, Birke, & Sadler, 



Medical Research Archives, Vol. 4, issue 1, April 2016 

Translational roadblock: are publication guidelines the way around it? 
 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │6 

 

1997), when Macleod et al. summarized in 

2009 that it would be reasonable to suggest 

that preclinical testing in animal models 

should adopt similar standards in order to 

improve decision-making and reduce wasting 

resources (Macleod et al., 2009). 

In the same year, a large and 

comprehensive survey on publications of 

animal-based studies was commissioned by 

the National Centre for the Replacement, 

Refinement and Reduction of Animal in 

Research (NC3Rs), (Kilkenny et al., 2009) 

which resulted in the recognition that what 

was needed was exactly what Macleod et al. 

had proposed. It reviewed 271 randomly 

chosen publications dating almost exclusively 

from 2003 - 2005 on research on live rats, 

mice and non-human primates (NHPs), 

covering a wide variety of scientific areas, but 

being restricted to publicly funded research in 

the UK and the USA. 

In 4% of all 271 publications, the 

number of animals used was not disclosed. 

87% did not report randomization and 86% 

did not report blinding. Of the 12% reporting 

random allocation, 9% provided details. Of 48 

randomly chosen studies out of the 271 which 

did report on animal numbers, none reported 

sample size calculation. 

As a consequence of this report, an 

expert working group involving animal 

researchers, journal editors, statisticians and 

funders, developed the ARRIVE Guidelines 

in June 2009, using CONSORT as a model. 

The agreed-on guidelines were then used for a 

wider consultation, including e.g. the Medical 

Research Council, the Wellcome Trust, the 

Royal Society and others. The ARRIVE 

guidelines were published in 2010 (Kilkenny 

et al., 2010). All items promote high-quality, 

comprehensive reporting. 

As first suggestions on guidelines for 

animal experimentation, Macleod et al. had 

proposed in 2009 that they include, for 

example, data on animals (species, strain, 

substrain, source) and measures to avoid bias 

(sample size calculation, inclusion/exclusion 

criteria, randomization, allocation 

concealment, reporting on animals excluded 

from the analysis, blinded assessment of 

outcome and reporting on potential conflict of 

interest and study funding). Accordingly, the 

ARRIVE checklist has 20 items, including 

details on the experimental animals (species, 

strain, source, age, weight, sex) as well as on 

their environment (housing, e.g. bedding 

material; number of cage companions; 

husbandry conditions such as breeding 

programme, light/dark cycle, ambient 

temperature, type of food, access to food and 

water, environmental enrichment) and 

welfare-related assessments and interventions 

that were carried out prior to, during, or after 

the experiment. The reasons for assigning 

such vital importance to this kind of 

information may not instantly be plausible, 

but evidence is emerging that these data may 

indeed be crucial for reproducibility, as is 

outlined in the next chapter. 

4.1. The scientific rationale behind the 

ARRIVE guidelines 

In recent years, there has been an 

increasing amount of data indicating that 

environmental conditions influence the 

outcomes of animal experiments to an 

unsuspected degree. A complete description 

of these data would constitute an entire 

review in itself, which is why, here, only a 

few examples can be provided. Cao et al. 

reported a striking influence on tumor growth 

in mice, reducing tumor weight (Melanoma) 

by 77.2% in the group that lived for 6 weeks 

in an enriched environment prior to cancer 

cell injection as compared to the group in 
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standard laboratory housing (Cao et al., 

2010). With regards to tumor development, 

further data on lung cancer exist about the 

influence of ambient temperature by (Kokolus 

et al., 2013). 

Ad libitum feeding has been questioned 

by Martin et al., raising the question whether 

such laboratory rodents are at all useful, them 

being typically overweight, insulin-resistant 

and hypertensive (Martin, Ji, Maudsley, & 

Mattson, 2010). It was noted before that the 

influence of comorbidities in laboratory 

animals is not being included into the 

evaluation of study outcomes (Perel et al., 

2007). Indeed, reducing food intake leads to 

decreased cancer rates (Ross & Bras, 1971), 

(Albanes, 1987) and type-2 diabetes (Masoro, 

2009). Standard ad libitum feeding can 

decrease the life span of rats by an average of 

1.6 years (2.4 vs. 4 years). The maximum 

lifespan of ad libitum fed rats was 2.9 years, 

while the restricted rats lived for 4.6 years. 

(Weindruch & Sohal, 1997). 

Further examples comprise the group of 

Nevalainen, who found that pair housing of 

rabbits over a period of several months 

reduces both variance in growth and serum 

alkaline phosphatase (Nevalainen, 

Nevalainen, Guhad, & Lang, 2007), and 

Salvarrey-Strati et al. who discovered (by 

accident) that changes in the environmental 

enrichment led to an unexpected decrease in 

osteoarthritis in male mice with surgically 

induced knee defects (Salvarrey-Strati, 

Watson, Blanchet, Lu, & Glasson, 2008). The 

importance of circadian rhythms on observed 

toxicity was investigated by (Ben-Cherif et 

al., 2013). A recent review of the influence of 

housing and husbandry conditions on rats has 

been reviewed by (Prager, Bergstrom, 

Grunberg, & Johnson, 2011). That these 

details must be disclosed (in the electronic 

supplement) is only the logical consequence 

of these insights in order to ensure that animal 

experiments are at all reproducible. In this 

light, the Kilkenny results of a notable lack of 

disclosure of details on the animals: 43% 

reported age, 46% weight, both data were 

reported by 13%, and 24% reported neither) 

appear all the more critical (Kilkenny et al., 

2009). 

Shortly after Kilkenny et. al. published 

the ARRIVE guidelines, Vesterinen et al. 

confirmed the main findings of their 2009 

survey with an analysis of 156 original 

publications in one volume of the Journal of 

Cerebral Blood Flow and Metabolism, one of 

the top journals in the respective field, for 

study design, statistics and analysis and 

reporting (Vesterinen et al., 2011). The 

review was, unlike the work from Kilkenny et 

al., not restricted to animal studies, but 

included in vitro work and studies on humans. 

Still, when singling out the animal studies, the 

main deficiencies found by Kilkenny et al. 

could be fully confirmed with regards to 

randomization, blinding, and 

reporting/information about the rationale of 

the sample size. In a more recent 2015 study 

on rheumatology, key items that were poorly 

reported were randomization and blinding 

(17.1% and 29.3%, respectively) and also 

underreported were animal species and strain. 

None gave information about sample size 

calculation or details of allocation, and 

attrition rate was not reported in 80.5% of the 

cases. Only 9.8% gave details of all adverse 

effects (Ting, Hill, & Whittle, 2015). 

In the field of cerebrovascular research, 

major translational problems are particularly 

evident, with only few treatments of proven 

efficiency available despite promising clinical 

trials, with several authors hinting that this 

may be one of the major contribution to the 

roadblock that exists in the field (Dirnagl, 

2006), (E. Sena et al., 2007), (Fisher et al., 
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2009), (Phillips, MacLehose, & Kaufman, 

2008), (Crossley et al., 2008), (Jerndal et al., 

2010). Vesterinen et al. conclude that 

overcoming the translational roadblock 

through the ARRIVE Guidelines is a first 

step. 

5. Discussion and Outlook 

The selective reporting of animal 

experiments has not been widely assessed, 

partly because of the difficulties in retrieving 

unpublished results. Scientific literature 

represents an incomplete and biased subset of 

research findings. As Ioannidis put it in 2005: 

Most published research findings are false 

(Ioannidis, 2005). 

In 2006, the Journal of Blood Flow and 

Metabolism (JCBM) had been amongst the 

first to alert for a quest for quality preclinical 

research (Dirnagl, 2006), and adopted the 

ARRIVE Guidelines in 2011 (Dirnagl & 

Lauritzen, 2011). 

In the meantime, the ARRIVE 

Guidelines have been translated into 

Mandarin, Italian, Portuguese and Spanish 

(https://www.nc3rs.org.uk/arrive-guidelines, 

(accessed on 8th of September 2015), and 

officially endorsed by over 400 journals. 

Nevertheless, there is the question how 

effectively they are enforced. As the data of 

Baker et al. indicate, there is a definite lack of 

enforcement after endorsement (Baker et al., 

2014). More recently, using the ARRIVE 

Checklist, and evaluating the publications of 

two leading journals in the field of 

rheumatology in 2012, Ting et al found that, 

of altogether 41 papers, 1 published a 

negative result. None reported sample size 

calculation. In their 2015 paper, Macleod et 

al. focused again on measures to reduce the 

risk of bias through reporting, and, once 

again, out of a 146 sample size of randomly 

selected publications, none reported sample 

size calculation and 4 (3%) reported blinded 

assessment of outcomes (Macleod et al., 

2015). Although things have improved over 

the course of the years (1941-2012), the 

authors found that sample size calculation 

remains the “foster child”, and that a journal´s 

impact factor has no influence on the 

frequency of reporting on that piece of 

information. 

Although some editors state, that the 

guidelines are nothing to adhere rigidly to, 

and although it has been stated that a full-

blown implementation of the ARRIVE 

guidelines clearly requires major changes in 

the reporting norms of biology (Baker, 

Gerritsen, Rundle, & Amor, 2011), (Schwarz, 

Iglhaut, & Becker, 2012); others, such as 

(Drummond, Paterson, & McGrath, 2010) 

would encourage even more detail, since e.g. 

the method of killing as well as the means of 

providing care after procedures, such as 

analgesia, may be highly relevant. 

There is a high bias in research through 

unreported studies that make no contribution 

to scientific knowledge, or, even worse, give 

results a false accountability and - in passing - 

wreck systematic reviews/meta-analyses. 

Chalmers has commented very critically on 

non-publication, demanding obligatory 

reporting on the outcomes of animal based 

studies (Chalmers, 1990). In the same vein, 

Varga et al. propose the establishment of an 

online database where all approved animal 

numbers are registered (similar to the 

documentation of human clinical trials), in 

order to avoid that animal studies “disappear” 

and to reduce publication bias (Varga, 

Hansen, Sandoe, & Olsson, 2010). 

It is important to note that guidelines 

are supposed to provide support for authors, 

peer reviewers and editors. They are not a 

https://www.nc3rs.org.uk/arrive-guidelines


Medical Research Archives, Vol. 4, issue 1, April 2016 

Translational roadblock: are publication guidelines the way around it? 
 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │9 

 

suffocation of ingenuity, but to the contrary, 

even the most ingenious finding must be 

supported by reproducibility and 

comprehensible communication. In the 

publication by Ting et al., the authors 

acknowledge that it will probably take more 

than the adoption of the Arrive Guidelines to 

make a real difference, and that the ARRIVE 

Guidelines are just a first step. This is in 

complete concordance with Vesterinen et al. 

(Ting, Hill, & Whittle, 2015). 

What is to be done? While welcoming 

the ARRIVE Guidelines to their journal 

“Environmental Health Perspectives”, Tilson 

and Schroeder state that education on 

experimental design is currently not sufficient 

and courses on general principles of study 

design, biostatistics etc. are just as important 

as those on ethics. The urgent need for 

education on the significance of these 

reporting guidelines is also suggested 

(Christopher, 2007), and (Erb, 2010). The 

editor of “Disease Models and Mechanisms” 

(Siegel, 2011) expresses her surprise that so 

many papers lead their readers on a “wild 

goose chase” by failing to report sufficient 

detail. An important point is that authors 

leave out what other authors leave out in their 

paper, again emphasizing the requirement for 

education and good leadership. 

In response to this, SYRCLE 

(SYstematic Review Centre for Laboratory 

animal Experimentation) has developed 

SYRCLE’s RoB tool in order to counteract 

this problem (Hooijmans et al., 2014). 

In conclusion, researchers have to be 

made aware of the vital importance of proper 

conduct and reporting in their education: on 

the one hand, for the benefit of their own 

work, and for being able to assess the work of 

others. Journals have to send a clear message 

via their reviewers and editors that they are 

not only adopting, but enforcing the ARRIVE 

guidelines. And, last but not least, funders 

(who are often overlooked as players!) must 

make it mandatory to publish a study, 

irrespective of the outcome, and to publish it 

in a way that enables those who read it to 

assess its value and relevance. 

There has to be a consensus in the 

scientific community that the culture of 

publication has to change – and fast. 
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