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Doctors are expected to keep up to date with the

literature, and to change their practice on the basis of

what they have read. We believe that the skills needed

for evaluating and interpreting scientific papers are often

lacking. Even when they are taught, the emphasis is often

focused on technical aspects of a paper without consid-

eration of its value, a term we use here to encompass not

only the quality of a paper’s methods, but also its context

and importance. We argue that critical appraisal, the term

used to describe the assessment of a paper’s methodolo-

gical niceties [1], should never take place in isolation

but must always occur in parallel with assessment of its

value, since a paper may be methodologically sound but

contribute little to a better understanding of the subject.

Here, we discuss various aspects of scientific papers that

contribute to or detract from their value, and suggest a

stepwise approach for assessing them.

Background: the scientific method

The purpose of a scientific publication, of which there are

numerous types, is to communicate information. Editorials

are summary or personal views, perhaps commenting on a

specific paper. Reviews are longer, in-depth analyses of the

literature; they are most persuasive when their analysis is

objective but their conclusions (as with editorials) are

often subjective and personal. Specific forms of suppo-

sedly objective reviews are quantitative or systematic reviews,

or meta-analyses [2]. Case reports describe one (or more)

specific clinical cases, either so unusual as to be of interest,

or from which it is hoped some particular lesson can be

learned. A letter (correspondence) is a comment on, or

criticism of, another’s published paper, or seeks answers to

a question. A letter may also convey information or data

that do not constitute a full study but nonetheless are

thought worthy of dissemination.

Finally, there are experimental investigations. Broadly,

these attempt to answer a question by the use of the

‘scientific method’, which involves the following process

[3, 4]. First, the researcher formulates a hypothesis. This

hypothesis may represent current ideology (the current

theory, or paradigm), or it may be an idea developed

de novo (e.g. suggested by preliminary observations). The

hypothesis leads to an experimental prediction: if a certain

experiment is conducted, then this predicted result should

obtain if the hypothesis is correct. A result consistent with

the prediction supports the hypothesis, but does not

‘prove’ it (thus scientific proof is very different from

mathematical proof). If, on the other hand, the experi-

mental result is not as was predicted, then either the

hypothesis is incorrect (so disproved) or the conduct of

the experiment was flawed.

There are many types of experimental investigations:

clinical studies or trials (the terms are often used

interchangeably, although the latter is sometimes restric-

ted to investigations of a treatment’s efficacy); laboratory

investigations; mathematical modelling of data; and some

observational studies and audits. We focus here on

experimental investigations since these are the papers that

advance the knowledge base the most.

Essential components of an experimental

investigation

There are generally two aspects to excellence in an

experimental study: first, the study’s conduct (of which

handling of the data is an inherent part), and second, its

presentation. Important aspects of presentation are covered
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by journals’ instructions to authors and by specific

publications [5, 6], and we will not discuss these in detail

here.

Conduct of the study

First, the study must consider a clear hypothesis that is

stated unambiguously, ideally, illustrated by the results

that would be expected if the hypothesis were true. The

final results and conclusion of the study should relate to

this prediction and must either refute or be consistent

with the hypothesis.

Second, the study must have appropriate ethical

approval (or conform to animal research guidelines).

We will not consider this issue further, since it has been

addressed recently [7].

Third, the technical conduct of the experiment must

be sound. Particular attention should be given to the

avoidance of surrogate measures, appropriate measure-

ment tools, proper randomisation and blinding, appro-

priate use of control groups, and appropriate application

and interpretation of statistics. We consider each of these

below.

Surrogate measures

Surrogate measures or end-points have serious limitations.

For example, a study of the control of minute ventilation

may not actually involve measurement of this outcome at

all, but instead may try to derive conclusions based on the

measurement of another, related variable (say, arterial

PCO2). The problem is that other factors may influence

the related variable (e.g. ventilation is not the only factor

influencing PCO2). Furthermore, measures that seem

superficially related may not be; for example, although

flecainide reduces cardiac arrhythmias, it increases mor-

tality – a much more relevant end-point [8]. Surrogate

measures are sometimes used in clinical studies because of

the difficulty in measuring the desirable end-point, such

as long-term survival. They might also give crude

estimates of trends over time for certain variables [9],

but they have very little (if any) place in studies that seek

to question or overturn fundamental hypotheses in the

underlying science.

Measurement tools

Measuring devices and assessment tools must be valid

(measure what they are supposed to measure), accurate

(measure the true quantity), and reliable (different users

obtaining the same results) – aspects that often escape

attention in manuscripts. This is not restricted to technical

measurements; for example, assessment of ‘maternal satis-

faction’ with the use of a simple visual analogue scale

continues widely despite little evidence to support it [10].

When technology is used, coefficients of variation should

be given, but rarely are. Further, there ought to be some

confidence as to how the technology works. For example,

muchof the growing literature on the bispectral index (BIS)

as a monitor of ‘awareness’ raises concerns. Since it is not

known precisely what is being measured by the BIS [11], it

can never be known whether an unexpected result has

arisen because the BIS is invalid or inaccurate, or because

the hypothesis being tested is incorrect [12].

Randomisation and blinding

Randomisation and blinding are intended to minimise the

influence of bias. The hope with randomisation is that all

‘confounding factors’ (both known and unknown) that

might influence the outcome will be distributed equally

amongst the groups. If any differences are found they can

therefore be attributed to the sole factor – the treatment

under study – that has not been ‘shared out’ in this way.

However, even with proper randomisation, groups may

be unequal: chance alone might result in one group’s

subjects being older, heavier, younger or just luckier

than those in the other group. Even when groups appear

equal, small inequalities might combine to influence the

results. For example, in a study by Greif et al. [13] into the

possible anti-infective effect of peri-operative oxygen

therapy, patients randomly allocated to receive extra

oxygen were by chance more likely to be fitter and less

likely to be smokers, to have inflammatory bowel disease,

and to undergo rectal surgery than those in the ‘no

oxygen’ group. Could these factors have combined to

contribute to the dramatic reduction in infection seen in

the ‘oxygen’ group, such that a subsequent study obtained

completely the opposite results [14]? In addition, the

human urge to guess or manipulate treatment allocations,

or otherwise interfere with proper randomisation in

studies, is well reported [15].

Blinding is present when the person treating the

patient, or making the assessments, does not know which

patients receive which treatment. Some studies fail to take

even the simplest steps to ensure blinding, while others go

to extraordinary lengths (for an example of the latter, see

Smith and Thwaites’s [16] commendable study comparing

intravenous with inhalational anaesthesia). Occasionally,

blinding is impossible (e.g. when comparing two different

laryngoscope blades or bougies [17]), but the results of a

blinded study are always more persuasive. Indeed, studies

with insufficient blinding tend to report greater treatment

effects than those with proper blinding procedures [15].

Control groups

Control groups may be inappropriate because of poor

randomisation or blinding. Even if these are sound,

though, there may be other reasons why treatment effects

may be masked or exaggerated by problems with control
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groups: lack of consideration of other possible ‘con-

founding factors’; use of historical, rather than contem-

poraneous, controls; comparison of a treatment against

placebo instead of standard practice, or against an

inappropriate treatment; or (at worst) lack of a control

group at all.

Statistics

Much of the above might give the impression that the

testing of hypotheses by close attention to the study’s

conduct will always give a clear-cut result. Unfortunately,

this is not the case, because we can never achieve

certainty; the best we can do is use statistical analysis to

indicate the degree of uncertainty [18]. A full discussion

of statistical methods is dealt with elsewhere [19], and

here we consider only two related areas that commonly

cause difficulties: significance and power.

Significance. If, in a study, one drug appears more effective

than another, the traditional approach is to ask the

question: ‘What is the likelihood (or probability) that this

result is a chance finding, and that these two drugs are in

fact equivalent?’ This approach (testing the equivalence,

as opposed to testing the difference) is known as testing

the null hypothesis. It is important to stress that this null

hypothesis assessed by the statistical test may not always be

exactly the same as the underlying scientific hypothesis

being examined by the study as a whole: the result of the

former will help interpret the latter. Many statistical tests

ultimately generate a ‘p-value’: the lower the p-value, the

less likely it is that the null hypothesis is correct. A p-value

of 0.03 indicates that if the two drugs are indeed

equivalent, chance alone would be expected to yield

the observed results three out of every 100 times one

conducted the study. Conventionally, a p-value of < 0.05

is taken to represent ‘statistical significance’, although this

value can and should be adjusted in certain circumstances,

for example if multiple comparisons are made [20, 21].

Confidence intervals can be used as an alternative to

testing the null hypothesis [22, 23]; nonetheless, the

conclusions reached by using confidence intervals are

invariably the same. The real problem lies in how

p-values are interpreted rather than how they are

calculated [24]. An entirely different approach is to

interpret a study’s results mathematically in the context of

prior knowledge (Bayesian statistics) [25, 26].

Regardless of the method of calculating or presenting

statistical significance, the smaller the p-value, or the

further away from zero the difference in confidence

intervals, the less likely the result is to be a ‘chance’

finding and therefore the more likely it is that the

difference between the two groups is indeed ‘genuine’.

But such a chance finding is still possible, albeit unlikely;

as Counsell et al. [27] point out, chance ‘…doesn’t get

the credit it deserves’. Furthermore, a low p-value does

not exclude poor methodology in the conduct of the

study.

Power. If the p-value in a drug study is, say, 0.07, does this

mean there is genuinely no difference between the two

drugs? Or does it mean that there might be a true

difference, but that the study has simply failed to show it?

It is specifically to help answer such questions that a

power analysis is useful. The power analysis estimates how

likely it is that a negative result can be ‘believed’. One

emerging problem is that some researchers (or their

critics) are placing far too much emphasis upon power

analysis [28]. One example demonstrates the type of

misplaced faith in power analysis: ‘…at least 400 patients

would be required to prove there is no statistically

significant difference between the groups…’ [29] (our

emphasis). Such statements reveal a poor understanding of

the scientific method and of the concept of scientific

proof.

One reason for our concern is that the concept of

power analysis itself has very serious limitations. Power

analyses are only crude estimates of a sample size (indeed,

the word ‘crude’ is emphasised by statisticians [30]). For

example, two main elements that contribute to power for

normally distributed continuous data are the difference

between the means that is deemed important and the

expected standard deviation (SD) of the measure of

interest. Both of these are subject to serious shortcomings.

The choice of what constitutes an ‘important difference’

is almost entirely subjective, and small but arbitrary

adjustments to its value can have a great impact upon a

study’s calculated power. Where no previous data exist,

the expected SD is usually taken from a pilot study, often

without a control group, and by definition always smaller

and less robust than the planned substantive study. In

reality, the power analysis itself is probably best expressed

in terms of a confidence interval: for example, ‘Power

analysis indicated that we would require 20–60 subjects to

be 70–90% confident of detecting a difference between

the means of 10–50 s’ – although this is rarely done. The

crudeness of the power analysis as a tool is reflected in the

different sample sizes yielded by different methods. If we

assume that for a hypothetical study, the important

difference is 1.0 arbitrary units, with a standard deviation

of 0.8 arbitrary units, then various calculations give a

sample size per group (with 80% power at p < 0.05) of

10 [30], 11 [31], 13 [32] and 18 [33]. So at best, power

analysis only gives an approximate estimate of sample size.

Indeed, Bacchetti [34] has suggested that a study’s power

should only be criticised if the study has no other

shortcomings; in other words, all other features of a study
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(especially relating to its conduct) are far more important

than its power analysis.

In practice, the actual sample sizes of studies are related

to the type of outcome, the variability of the result and

the statistical test used. We observe that in published

studies, sample sizes tend to fall into three groups, though

with considerable overlap (Table 1). Studies in which

the outcome is easily and accurately measured, or there

is little variability with few confounding factors (e.g.

laboratory or volunteer studies in which experimental

conditions can be tightly controlled with repeated testing)

use smaller sample sizes. Variability usually increases once

patients are involved, since conditions are harder to

control. Clinical studies comparing ‘common’ anaesthetic

outcomes have ‘intermediate’ sample sizes. Those in

which the outcome is rare, variability is great and ⁄ or
potential confounding factors are many, need much larger

sample sizes [35]. It is striking how often studies and their

sample sizes fall into these groups. It is tempting to

speculate whether this phenomenon is a function of

proper power analysis during the design of each study,

whether investigators tend to use similar sample sizes

because of the conventions adopted in their particular

field of research, or whether they even ‘massage’ the

power calculations to yield sample sizes that allow the

study to be completed within a sensible timescale. There

are ethical reasons for conducting power calculations

as well as scientific ones [36], and we do not suggest

that investigators should stop doing them, but given

the crudeness of these calculations we cannot help but

wonder whether the crudeness of Table 1 is any worse.

It can be seen from the above that retrospective studies,

despite their attraction through not having to recruit

subjects in advance – relying as they do on data already

collected – are inherently weaker than prospective ones.

Often, investigators have to rely on surrogate measures,

recorded using tools that cannot be validated retrospec-

tively, with little guarantee of blinding and uncertain

definitions of the groups and their controls. The one

strength of retrospective studies is the relative ease with

which very large samples can be studied.

What makes a paper ‘valuable’?

So much for a paper’s components. We now turn to a

different question: what makes one paper more ‘valuable’

than another, assuming proper care and attention to their

conduct? To some extent, the answer to this question will

always be subjective and depend upon the individual

reader’s own special interest, perspective and background.

However, we suggest that there are some common

elements that contribute to a paper’s perceived ‘value’.

We divide these as being broadly related to the following:

• the type of question addressed and the answer

provided;

• the strength of the evidence presented;

• certain ‘decorative’ aspects of a paper.

The question addressed and the answers provided

The importance of the type of question relates to its

relevance. This will depend on the perspective (e.g.

specialty ⁄ subspecialty) of the person assessing the paper,

the significance of the problem being addressed, and

whether the correct and appropriate question is being

asked. For clinical studies, the importance of a paper can

depend on the magnitude of the change in practice likely

to arise from the results, the speed with which that change

might occur, and the feasibility of bringing about such a

change. For example, the Collaborative Eclampsia Trial

showed that magnesium sulphate prevented the recur-

rence of eclamptic convulsions and their complications

more effectively and safely than alternative drugs [37].

The problem it addressed (treatment of eclampsia) is

relevant to a wide range of practitioners and is both

common and serious enough to make it a very significant

one. Furthermore, the question (whether magnesium was

more effective than alternatives) was clearly stated and

appropriate for current knowledge at the time. The

Table 1 Ranges of sample sizes commonly used in different types of study. This represents a personal and superficial overview of the
published literature in a wide variety of specialist journals.

Type of study Examples of study question Sample size

Laboratory or volunteer study in which conditions
can be tightly controlled

a) Does drug X block Na + channels in nerve axons?
b) The effect of hypoxia on heart rate in healthy humans

� 5 to �50

Clinical studies comparing ‘common’ outcomes a) Is drug X better than drug Y for preventing nausea or
vomiting after laparoscopy?

b) Does device X function better than device Y for
tracheal intubation?

� 20 to �200

Clinical studies comparing rare or serious outcomes for
whole populations and ⁄ or when variability is great

a) Does technique X reduce mortality after surgery?
b) Is drug X better than drug Y for hypertension?

�200 to �10 000
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change in clinical practice advocated by the study was

small, cheap and easy to implement, yet was predicted to

result in a huge reduction in maternal morbidity and

mortality worldwide. Indeed, practice changed consider-

ably and rapidly as a result [38].

A particular feature of the Collaborative Eclampsia

Trial is that it provided a clear and unambiguous

answer: magnesium is more effective than its alterna-

tives and we should use it to prevent recurrence of

convulsions. The Magpie Trial of magnesium for the

prevention of eclampsia, however, whilst still in an area

of great (possibly greater) clinical relevance and signi-

ficance, raised as many questions as it answered:

magnesium reduces the incidence of eclampsia but

whether we should give it to all pre-eclamptics is less

certain [39]. This example illustrates that sometimes the

nature of a paper’s conclusion can thus affect its ‘value’

as well as the nature of the question asked in the first

place. Another way in which the answer provided may

affect a paper’s value relates to the amount of

information given. For example, a recent study of the

effects of spinal anaesthesia on respiratory function in

obese parturients presented the median and interquartile

ranges of the reduction in vital capacity and other

variables, but not the minimum or maximum reduc-

tions [40]. In considering whether the reduction in

vital capacity might be acceptable or dangerous for a

particular patient, knowledge of the likely range of the

changes (i.e. best and worst scenario) might be more

relevant than knowing how the middle 50% of patients

might be affected. While the value of the study is

unaffected by this presentational detail, the value of the

published paper is reduced as a result.

For studies in basic science, it is perhaps the effect on

future thinking which is likely to be important, rather

than any immediate practical application. For example,

in the physical sciences, the theory of relativity solved

no immediate practical problems, but clearly explained

certain observations better than did more traditional

theories [41]. An example from the biomedical sciences of

papers that changed ‘the way we think’ is the discovery

that DNA is a double helix [42]. Another is the finding

that nitric oxide is fundamental to endothelial function;

this discovery causes us to view in a new light all

situations in which the response of the vasculature is

involved [43, 44]. The scientists involved in these findings

received Nobel Prizes, but there are many less well

known examples. For instance, the discovery of a

multiprotein complex (hypoxia-inducible factor, HIF)

that binds specific DNA sequences termed ‘hypoxia

response elements’, and that is central to erythropoietin

production by the kidney [45], causes us to consider the

possibility that this mechanism is a widespread, if not

universal, mechanism by which hypoxia may be detected

at the cellular level [46].

It is possible (and indeed desirable) to reconcile clinical

and scientific notions of ‘value’. The manipulations of

nitric oxide responses in sepsis are attempts to apply new

understandings from basic science to solve a clinical

problem [47, 48]. To refer back to the Collaborative

Eclampsia Trial: a ‘scientific’ approach to its results would

be to consider whether there is a fundamental reason why

magnesium works better than other drugs, and that

elucidating this reason will help us learn more about

eclampsia as a disease process. However, we must

acknowledge that (perhaps especially in anaesthetic rela-

ted research) finding the relationship between basic and

clinical science is frequently not easy. The relevance of

basic science to clinicians’ work is not always obvious to

them, and scientists can often be frustrated by the inability

to control tightly all the variables in clinical practice.

Another aspect of the type of question asked, which

can apply equally to both clinical and basic science

research, is its topicality and general profile – especially

if the study’s results can be condensed into an easily

understood ‘sound bite’. Certain topics are guaranteed to

catch the eye more than others, and this can sometimes

lead to the overriding of proper scientific considerations

before publication by a journal. A recent example is the

publication of Wakefield’s [49] much-criticised study of

the link between autism and vaccination (a highly topical

issue) in the Lancet (a high impact factor journal – see

below), and then the subsequent retraction of this paper

[50].

In the wider scientific community, a very general rank

order of the ‘importance’ of studies appears to have

evolved, dependent in part upon the type of question

addressed. This seems to have been adopted by the

Research Assessment Exercise (RAE) with adverse

implications for anaesthesia, and we discuss these issues

further below.

Strength of the evidence

The strength of the evidence presented in a paper

depends, first, on those methodological aspects already

mentioned and, second, on the greater weight afforded to

certain types of study over others, a notion championed

by Sackett and colleagues [51].

When assessing the first of these, the reader would do

well to ask (as indeed the investigators themselves should

have considered): ‘Is there another possible explanation

for these results other than the conclusions offered?’ Tight

methodology and attention to the above aspects may

reduce or eliminate many of these alternative possibilities,

but the more doubts that remain regarding hidden and

overt biases, the less the weight that should be attached to
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a set of results. This approach may seem an unduly

negative initial stance but we prefer to think of it as a

healthy state of ‘scepticaemia’ [52].

Sackett and colleagues’ now well-known proposal for a

scale of the strength of evidence in biomedical studies

(‘evidence-based medicine’) is outlined in Table 2. The

emphasis on meta-analysis as a powerful tool has been

much criticised [27, 53, 54]. Some have argued that meta-

analysis is, in fact, really a form of collation-based

medicine, rather than evidence-based, that really has no

place in scientific studies seeking to test hypotheses [55].

The scheme mainly applies to interventional clinical trials,

and not really to individual scientific (laboratory) experi-

ments. These critics argue that fundamental hypotheses

in science can only be addressed (in accordance with

the scientific method, as described above) by a properly

conducted experiment designed to test the prediction

arising from the hypothesis, and not by simply combining

the results of different experiments of varying quality.

It is possible that meta-analysis is more useful for those

studies concerning efficacy of a drug or treatment, or for

generating hypotheses, rather than answering them [56].

Another problem with Sackett’s scheme is that it relegates

individual case reports and case series to the bottom of the

hierarchy of evidence [57]. In many areas of medicine,

especially in the more practical specialties such as

anaesthesia, case reports can have a very persuasive effect

on an individual’s clinical practice, since they are based on

direct clinical experience, and not on huge trials in which

individual patients’ experiences may be masked by

grouping them into large samples and applying descrip-

tive, summary statistics. If a patient receives a single drug

and suffers anaphylaxis, for example, then that drug may

cause anaphylaxis, whatever the results of a large clinical

trial. Case reports are particularly valuable for very rare

conditions, for very rare complications, or when they

describe unexpected clinical benefits (or problems).

‘Decorative’ aspects of papers

We apply the above term to those aspects of a paper

not relating strictly to its scientific content or context,

but which nonetheless seem to have an unfortunate

and disproportionate influence on the manner in

which papers are received by the scientific or clinical

community.

The institution where the work was carried out is one

of these factors. For example, work from the universities

of Oxford or Cambridge is likely to have greater impact

than work of similar merit from, say, a rural sixth form

college. The RAE can be criticised for having formalised

this scheme: the currently successful institutes obtain

better funding, and thus can undertake more research,

which in turn is regarded as more influential since it

emanates from the higher ranking institutes, and so on

[58].

A related issue is the tendency for authors to ‘pitch’

their manuscript to the journal whose quality and

circulation they feel adds to its importance. A journal’s

quality is artificially described by a single measure, the

impact factor (an index of how often papers published

therein are quoted by other authors). At the extremes,

impact factors have some basis: a paper published in, say, a

local parish gazette will have very limited readership,

regardless of its scientific quality and so is unlikely to be

widely quoted. Generally, though, impact factors are a

poor measure of a journal’s quality, and are open to

manipulation by publishing strategy [59, 60]. However,

some authors and institutions (and perhaps also the RAE)

continue to judge a paper’s worth largely by the journal in

which it is published.

The reputation of the authors (or at least one of them)

may also have an effect. A study challenging a current

fundamental hypothesis is more likely to be read and

accepted if a senior professor is an author. It is assumed,

perhaps wrongly, that an established professor is unlikely

to spend valuable time on unimportant work.

Finally, the funding of a study can influence its

perceived importance. A study’s support from a major

funding body (e.g. Medical Research Council or

Wellcome Trust) gives the impression that the work,

or at least its preliminary design, has already undergone

some peer review and that in a highly competitive

process, it has been judged ‘worthy’ (we discuss this

further below). The setting of priority areas for research

by the National Health Service Research and Develop-

ment strategy seems superficially reasonable, but may

skew the influence of certain papers, since it is

effectively Government policy that studies falling within

the current priority areas are ‘officially’ more important.

However, funding aspects can occasionally highlight

conflicts of interest that reduce the perceived impact

Table 2 Classification of evidence levels (adapted from refer-
ence [52]). Level Ia is the ‘strongest’ evidence; level IV the
‘weakest’.

Ia Evidence obtained from meta-analysis of randomised
controlled trials

Ib Evidence obtained from at least one randomised
controlled trial

IIa Evidence obtained from at least one well-designed
controlled study without randomization

IIb Evidence obtained from at least one other type of
well-designed quasi-experimental study

III Evidence obtained from well-designed, non-experimental
descriptive studies (such as comparative studies,
correlation studies and case studies)

IV Evidence obtained from expert committee reports or
opinions and ⁄ or clinical experience of respected
authorities
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of a paper (e.g. when funding has been obtained from

tobacco companies to support a controversial paper

relating to cancer research [61]). However, such

conflicts may be hidden and remain undeclared.

Measures of value used by grant-giving bodies

Thus far, we have discussed how an individual might

undertake critical appraisal. On a wider level, grant-

giving bodies have developed schemes by which they

formally rank or score projects (using a process of peer-

review) to inform their decisions about which research

to fund. Although the scoring occurs before the study

is conducted or published, the funding agencies feel

that eventually the published paper(s) arising from the

study will have a value corresponding to this score.

Table 3 shows the Medical Research Council’s pub-

lished criteria by which it evaluates research applications

[62]. It is clear that particular emphasis is given to

projects that have a ‘high impact on medical practice or

scientific thinking’, and to those that are ‘very import-

ant in terms of disease burden or knowledge of

mechanisms’.

The Higher Education Funding Council for England

distributes about £1 billion of public funds each year

to support research and research infrastructure, and the

RAE is the method used to direct these funds to

the universities producing the most ‘valued’ research.

The formulae used by RAE, although not made explicit,

seem to place special emphasis on the ability of university

departments to raise large independent income by way of

grants (such as those awarded according to the criteria in

Table 3), and to publish papers in high impact factor

journals. In turn, universities distribute the money they

receive to individual departments, using similar formulae

[63]. Table 4 shows our (subjective) impression of the

types of paper which seem to score more highly in this

exercise.

These processes are open to much criticism [64], and

whether they resemble good critical appraisal is open to

debate. However, they remain de facto the means by

which research is funded. If a specialty (such as anaesthe-

sia) focuses on research which does not attain a high value

in these processes, then these mechanisms will ensure (as

they are designed to do) that the specialty attracts fewer

funds. Eventually, as funding dries up, so will research

posts and research opportunities, and then it may become

impossible for that specialty to conduct any research at all.

Many authors have described how anaesthesia is in such a

crisis [65–69]. So while critical appraisal of papers by an

individual (or by a specialty) might lead to one conclu-

sion, appraisal by external organizations may come to a

different conclusion. The dilemma for a specialty in this

situation is to consider the extent to which it wishes to

(or needs to) accept assessments of ‘value’ imposed from

outside.

Table 3 The Medical Research Council’s published criteria for assessing research applications (adapted from [62]). In this scheme, we
believe that even the most ‘valued’ anaesthetic-related publications will probably score a maximum of just 5 or 6, when assessed against
research in other disciplines (but probably score of 9 or 10 if the comparisons are confined to those with other anaesthetic research).

Description Score Indicators

Excellent 10 Exceptional
9 Is (or will be) be at the forefront internationally

Addresses very important medical or scientific questions
Likely to have a high impact on medical practice (or the relevant scientific field)
At the leading edge internationally
Very important in terms of disease burden or knowledge of mechanisms
Likely to be very highly productive

8 Intermediate
Good quality 7 Internationally competitive and at the forefront of UK work

Highly productive and likely to have a significant impact on medical practice (if relevant)
Very important in terms of disease burden or knowledge of mechanisms

6 Intermediate
Good quality 5 At least nationally competitive

Addresses reasonably important questions, and will be productive
Good prospects of making some impact on medical practice (or the relevant scientific field)
Any significant concerns about the research approach can be corrected easily

4 Intermediate
Potentially useful 3 Plans contain some good ideas or opportunities but very unlikely to be productive or successful

Major improvements would be needed to make the proposal competitive
Fairly low expectation of success

2 Intermediate
Unacceptable 1 Serious scientific or ethical concerns

Should not be funded
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Conclusions

How does one assess a paper’s value?

We have discussed various aspects of a paper that can

contribute to its value. We conclude here by suggesting

an approach to appraising a paper, based on the

foregoing.

Consider a hypothetical stack of ‘in-trays’, with the

top tray representing the most valuable papers and

the bottom tray representing the least. The aim is to go

Table 4 Our impression of a rank order
for the ‘value’ of experimental papers,
as it seems to us to be understood by
the wider scientific community. This
impression is based upon criteria such as
those presented in Tables 2 and 3. After
category 5 in the table come all other
types of non-experimental papers
(editorials, reviews, case reports, etc.).

1. Papers testing (disproving) hypotheses that are widely applicable in
different areas of research

2. Papers applying scientific principles to practical (clinical) problems in
novel ways (e.g. new technologies or treatments)

3. Papers assessing clinical outcomes, particularly reduced mortality
or serious morbidity

4. Papers concerning improved efficiency ⁄ cost of service or concerning
improved patient comfort

5. Papers concerning technical notes, observations, equipment,
measurement, etc.

Table 5 Steps for assessing a paper’s value. How the paper performs at each step can promote or demote it from one imaginary
‘in-tray’ to another, such that it ends up in its final tray as a result of considering the various contributory aspects. Note that we have
not specifically considered the presentation of the study (layout, use of graphs ⁄ tables, format and style, etc.), and we assume that the
study is presented with sufficient clarity and in a logical and lucid manner.

Conduct of the study
Clear hypothesis What question is being asked?

Is there supporting evidence for the hypothesis?
If the hypothesis were true, what results will be
expected from the experiment?

Ethics Are there ethical issues?

Technical conduct Are surrogate measures being used?
Are the measurement tools (both technological and
assessment scores, etc.) appropriate?

Is the study randomised properly?
Is the study blinded as well as it could be?
Are there well defined groups and proper controls?
Are the statistics appropriate? How is significance expressed and is it

interpreted appropriately?
Are confidence intervals used?
Has sample size been considered (e.g. using
a plausible power calculation)?

Is the study retrospective or prospective?

Other factors
The question
addressed and the
answer provided

How relevant is the study? Which specialty ⁄ subspecialty is or might
be affected?

How significant is the problem addressed?
What are the magnitude, speed, feasibility and
impact of any likely change in practice?

How useful are the results? Does the study provide a clear answer or does
it pose further questions?*

Might the results change the way we think about
certain problems or situations?

Strength of evidence How persuasive is the evidence (e.g. the logic of
argument; methods and statistics)?

Are the results supported by evidence from other
sources, or is the result unique?

Could there be another explanation for these results?
Is adequate information provided?

‘Decorative aspects’** Who are the investigators and from which institution?
What funding is there?

*Virtually all studies pose further questions but some, while providing useful information, do not directly answer the question they set out to
address.
**One shouldn’t be unduly influenced by these but they should be noted during the appraisal process.
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through each paper and at the end of the process, be

able to place it in the appropriate tray. Each of the

above factors – aspects of the study’s conduct (including

of course other aspects of its methodology not covered

above), the nature of the question asked and the

answers provided, the strength of the evidence and any

persuasive decorative factors – should be considered at

intervals when reading a paper, and each has the

potential to move the paper up or down according to

the impression gained thus far. The steps are summa-

rised in Table 5. By this process the paper can be

promoted or demoted many times before ending up in

its final position, bearing in mind two basic principles.

First, every paper will have some value, even if it ends

up in the bottom tray (and any investigators who

publish a paper should be commended for what is after

all a considerable achievement, especially in the current

regulatory climate). Second, different readers may place

the same paper into different final trays – but this is a

normal and appropriate aspect of judging value in any

context. Discussion of the paper with colleagues

(verbally or via the correspondence pages) should be

directed towards sharing one’s reasons for assigning the

paper to a particular tray, and for being influenced in

various directions (or not) by all aspects of the paper.

This model makes it easy to demonstrate to others how

the process of appraisal works, and is a good way of

generating discussion and engaging others, which is a

valuable process in itself.

Going for gold?

We also wish, by our discussion, to highlight some wider

considerations. One of our aims is to improve the value of

all future work. On reading (and valuing) any given

paper, the reader should ideally ask: ‘How can we further

improve on the approach used to answer the question

posed?’ The specific answer to this will depend, in part,

on the shortcomings of the original paper (and we

have indicated above where some of these might lie).

However, in seeking to rectify these shortcomings by

conducting a better study or experiment, the researcher

will encounter the serious practical problems facing the

specialty as a whole, especially those related to funding.

Our discussion above highlights two important questions

to consider. First, if funding is so critical to enable studies

to be conducted, then we should not confine ourselves to

considering what we alone value, but also ask: ‘What do

the major funding agencies value?’ Second, within any

given general topic which interests us as a specialty, there

are always a range of possible questions we might address.

It is pertinent here to consider: ‘Which specific questions

or hypotheses concerning this topic will increase the

(perceived) value of our study?’ It is possible that (even for

the topics of interest to our specialty) others place higher

value on hypotheses different from those the specialty has

traditionally considered important.

We hope that our discussion above might generate a

debate which helps answer these two questions.
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