
218: Instrument Evaluation

Steve Cork
Sira Test and Certification Ltd, Kent, UK

1 Introduction 1

2 The Need for Instrument Evaluation 1

3 Cooperative Instrument Evaluation 2

4 Instrument Evaluation Methodology 3
5 Requirements of an Instrument Evaluation

Laboratory 6

6 Results of Instrument Evaluations 7

References 8

1 INTRODUCTION

A definition of instrument evaluation that is generally
accepted among the major cooperative instrument evalu-
ation groups is ‘the investigation and testing of the perfor-
mance of instruments and related equipment in accordance
with an agreed program based on the manufacturer’s
specification, relevant national, and international standards
and specific user requirements’. The agreed program will
usually include performance evaluation under reference
conditions and simulated environmental conditions (often
referred to as influence conditions) together with an assess-
ment of standards of construction and adequacy of doc-
umentation, such as operating instructions and mainte-
nance handbooks.

The process can most succinctly be described as a com-
prehensive technical audit. The concept of instrument eval-
uation has been developed over a 40-year period in order
to meet the needs of instrument users and manufacturers of
industrial instrumentation and process control equipment.
It is aimed at producing the maximum possible amount of
information on the performance of instruments and related

equipment bearing in mind the needs of the user and the
rights of the manufacturer to a fair and consistent assess-
ment of his product.

2 THE NEED FOR INSTRUMENT
EVALUATION

Back in the 1950s, with the increasing use of sophisti-
cated measurement and control equipment in process plants
(which themselves were increasing in size, complexity, and
cost) came the realization of the increasing financial con-
sequences of instrument failure. Such consequences do not
only apply in the event of a complete failure of an instru-
ment, which, because of a fail-safe system philosophy,
could result in a costly plant shutdown. They also, and
more commonly, apply in cases in which the performance
of the instrument gradually deteriorates in an undetected
manner as a result of an influence condition or just over
a period of time. Such deterioration can cause a shift in
the performance of an automated plant away from a state
of optimum performance as defined by a required cost
and quality target. It is relatively straightforward, although
sometimes costly, to provide instrument redundancy so that
a fail-safe plant shutdown only occurs if, say, two out
of three instruments fail simultaneously in a catastrophic
sense. However, it is less simple to arrange that such redun-
dancy will compensate for the gradual deterioration of the
measurement or for the susceptibility of the instrument to
the variations of a particular environmental parameter, such
as temperature, vibration, or electromagnetic interference.
The financial consequence of instrumentation failing to
meet its expected performance criteria led to an increasing
insistence by user industries of comprehensive evaluation as
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a prerequisite to purchasing decisions. It is however recog-
nized that in recent years partial control over the purchasing
of equipment has been relinquished by some end users.
This has come about by the contracting out of the sup-
ply of systems or parts of systems to third parties, with
these contractors being more likely to rely on manufac-
turers’ published specification rather than on independent
comprehensive evaluation reports.

It is noted however that a concept that is becoming
increasingly recognized in industry is the one of Life Cycle
Costing, which considers the costs incurred from the con-
ception of an application to the point of decommissioning
and abandonment. Life Cycle Costing has two main com-
ponents: CAPEX (CAPital EXpenditure), which includes
all expenditure from conception to the end of commis-
sioning, and OPEX (OPerating EXpenditure), which covers
the cost from then on. It is clear for nominally identical
products from different manufacturers that apart from the
ex-factory cost of the item itself, the CAPEX costs (includ-
ing those associated with design, specification, installation,
commissioning, and documentation) are similar. However,
OPEX costs can be quite different, primarily due to the
ability of the equipment to operate within certain perfor-
mance limits, over an extended period of time under the
prevailing environmental conditions. For this reason, if for
none other, the need for comprehensive instrument evalua-
tion remains.

The cost of carrying out a comprehensive evaluation
naturally depends on the type of instrument to be inves-
tigated and the details of the testing required, but would
typically range from £10 000 to £30 000. While this may
seem a reasonably large sum of money, it must be bal-
anced against the savings that can be made from making
informed decisions on the basis of evaluation findings.

While the needs of manufacturers for instrument evalu-
ation are less obvious, they nevertheless exist. Particularly
in relation to new designs, it is important to identify a
serious design weakness before a significant number have
been delivered. The direct cost penalty of retrieving and
modifying such instruments is obvious enough, the penalty
in terms of lost customer confidence and future sales is
more serious. While the manufacturer may carry out sig-
nificant testing of his product before its appearance on the
market, there are still a surprising proportion of cases in
which an independent evaluation reveals weaknesses that
have not previously been identified. Data shows that a rea-
sonably high proportion of evaluations lead to necessary
design modifications, and it is not unusual for manufac-
turers to commission an independent evaluation prior to a
major launch of a new instrument.

A more detailed account is given later in this article of
the different phases of an evaluation.

3 COOPERATIVE INSTRUMENT
EVALUATION

By cooperative instrument evaluation is meant the sponsor-
ship of evaluation programs by groups of companies on the
basis of cost sharing and results sharing. Instrument eval-
uation had been practiced individually for many years by
the major instrument using companies in the chemical, oil,
steel, and other industries as a means of guiding purchasing
decisions, before cooperative instrument evaluation began
in the late 1950s. In 1958 and 1959, Sira (then the British
Scientific Instrument Research Association) commenced
instrument evaluation work under contract separately to
the Central Electricity Generating Board, as it was then
known, and the United Kingdom Atomic Energy Author-
ity. It was known that other major users of instruments had
their own programs of instrument evaluation, and it was
suggested that such users would obtain benefits from join-
ing forces to sponsor evaluations cooperatively and share
results. With a great deal of help from the UKAEA, a pro-
posal for such a cooperative group project was put to a
number of instrument user companies, and in 1961 a meet-
ing was held at Sira, at which the cooperative instrument
evaluation scheme was formalized. The founder members
comprised CEGB, UKAEA, Imperial Chemical Industries
(ICI), Distillers Co. (subsequently part of BP), Ministry of
Defence, and Shell Research. The group, which eventually
gave itself the acronym SIREP (Sira Instrument Evalu-
ation Panel), had its inaugural meeting on 6 December
1961. SIREP, which recently changed its name to Evalua-
tion International (EI) (http://www.evaluationint.com), con-
tracts evaluation projects to Sira Test & Certification Ltd
(http://www.siraservices.com) amongst other test houses.

In 1963, a similar group was formed in The Nether-
lands called WIB (working-party on instrument behav-
ior). WIB (http://www.wib.nl) mainly uses the laborato-
ries of TNO (Toegepast Natuurwetenscappelijk Onderzoek)
(http://www.tno.nl) in Holland, although they have evalu-
ations carried out in various laboratories across Europe.
Finally in 1974, a French group, Association des Exploi-
tants D’Equipments de Regulation Automatique (EXERA)
(http://www.exera.com), was formed.

Although the administrations of EI, WIB, and EXERA
differ in detail, the general objectives are the same, and over
the years a close collaboration has grown between the three
organizations, examples being the sharing of evaluation
reports between the three groups and liaison to ensure that
equipment by one group is not then evaluated by another.
Although the membership of EI, WIB, and EXERA is
still predominantly European there are member companies
from North America, Japan, and the Middle East. The joint
membership is currently over 70, which includes certain
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group memberships such as the Swedish consortium SIP
(Stiftelsen for Instrument Proving), which itself comprises
some 30 members.

In the early years of instrument evaluation, it would be
fair to say that the primary focus was on general pro-
cess instrumentation, such as pressure, temperature, level,
and flow equipment. As time moved on, the emphasis has
moved onto more complex devices and certainly over the
last five to ten years the main area of interest has been Ana-
lytical and Environmental Safety equipment. A list of the
equipment having been evaluated by the three organizations
can be found at their Web sites.

The commercial benefits of joining a cooperative evalu-
ation group are clear for a major instrument user. Taking
Evaluation International as an example, the annual subscrip-
tion for the year 2004 is £9300, which is less than the cost
of a single evaluation project. For this subscription, the
members receive copies of all the reports issued by EI as
well as those produced by WIB and EXERA. While a user
may not be interested in all the reports produced, the con-
tents of a single report each year can easily save a member
his annual cost many times over.

4 INSTRUMENT EVALUATION
METHODOLOGY

A number of steps can be identified in a typical instrument
evaluation program, consisting of

• agreement on test program;
• tests under reference conditions;
• tests under simulated environmental (influence) con-

ditions;
• assessment of construction standards, ease of use, and

literature quality;
• review of manufacturer’s quality assurance system and

instrument status;
• draft report;
• final report.

Figure 1 shows how these steps are incorporated into a
typical Evaluation International sponsored project.

4.1 The test program

The test program is a key document. It is prepared by the
evaluator, who is guided by the manufacturer’s specifica-
tion, standard specifications, and standards relating to meth-
ods of evaluating and calibrating equipment. In particular,
his experience guides him to seek performance information
not revealed by the manufacturer’s specification.

The basic reference document for the development of the
test program is the manufacturer’s specification; however,
it is often a very incomplete statement of the performance,
particularly in relation to influence conditions that depart
significantly from laboratory reference conditions. In such
circumstances, it is necessary to look for other guides to
performance, which are acceptable both to manufacturer
and user. Whether or not the specification is complete, the
actual methods used for the evaluation need to be acceptable
to manufacturer and user and not subject to significant
modification when applied to different instruments of the
same kind.

For these reasons, a great deal of attention has been
given to specifications and testing procedures by national
and international standards bodies. A standard specifica-
tion is a technical specification or other document that has
been evolved by cooperation between various bodies, and
represents a consensus of the parties concerned. Such a
standard may set out the quantities to be specified, the
boundary values of accuracy classes, an explanation of the
terminology used, and an outline of methods of measuring
the quantities. Therefore, in the absence of a sufficiently
detailed manufacturer’s specification, a test program can
be based on a national or international standard specifica-
tion, with the manufacturer concerned having the reassur-
ance that his instrument’s performance will be compared
with a specification evolved by consensus, that compara-
tive instruments will be subject to the same comparison,
and that the test methods used for the evaluation will be
the same as that used for other instruments. There will
of course be occasions where no such standard specifica-
tion exists and the formulation of the test program relies
even more on the experience of the evaluator, although
a useful document in the generation of any such pro-
gram would be IEC 60770-1:1999 ‘Transmitters for use
in industrial-process control systems. Methods for perfor-
mance evaluation’, which largely cross references to the
four-part standard IEC 61298 ‘Process measurement and
control devices – General methods and procedures for eval-
uating performance’.

Once complete the test program is submitted to the
sponsor and the manufacturer (if not the sponsor) and
the evaluation only proceeds when the three parties, lab-
oratory, manufacturer, and sponsor, have agreed to the
program. In many instances, the agreement to a pro-
gram is almost a formality. In other cases, the meth-
ods to be used to establish basic accuracy and environ-
mental effects can be the subject of controversy, and
lengthy discussions maybe required before an agreement
is reached. For example, evaluation and calibration proce-
dures for temperature or pressure transmitters are widely
documented and accepted, but this is not the case for some
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Figure 1. Evaluation International evaluation procedure.

chemical analysis devices. In such cases, evaluation work
is often preceded by an amount of research and devel-
opment in order to arrive at mutually acceptable methods
of evaluation.

4.2 Tests under reference conditions

Presented below is a set of standard tests as indicated by
IEC 60770-1.

Basic accuracy: Average error, repeatability, hystere-
sis, and linearity determined from three to five upscale

and downscale full-range traverses, measuring at least
six points.

Dead band: The smallest change results in a detectable
output change at 10, 50, and 90% output.

Frequency response: The frequency response measured
with a 20% span peak-to-peak input.

Step response: Record the step response time and the
time for the output to reach and remain within 1% of its
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final steady value, for varying input steps corresponding to
10 and 80% of the output span.

Start-up drift: Output monitored for 4 h after power is
switched on.

Long-term drift: Output monitored for 30 days with an
input of 90% span.

4.3 Tests under influence conditions

Presented below is a selection of standard tests from IEC
60770-1, which maybe applied to an electrically powered
transmitter. It could be argued that some of the tests are
covered by current legislation, such as immunity to radiated
electromagnetic interference testing as part of CE marking
in accordance with a European Directive. However, it is
possible that the requirements of the legislation do not fully
meet the needs of the demanding instrument user and indeed
the work carried out in obtaining the approval of the legis-
lation may not have been based on actual test results at all.

Ambient temperature: Specified tests to determine ef-
fects of exposing the instrument to

1. dry heat (+55 ◦C maximum or higher if applicable);
2. cold (−25 ◦C or as applicable)

in comparison to the operation under reference conditions.

Humidity: Specified tests to determine the effects of
exposing the instrument to 40 ◦C, 93% relative humidity
in comparison to the operation under reference conditions.

Vibration (sinusoidal): Effect of vibrating the instru-
ment along three mutually perpendicular axes at specified
peak displacements, or peak accelerations, over a specified
frequency range. The effects being looked at for being both
changes on the output and any mechanical resonances that
may result in a premature failure.

Mounting position: Effect on output of 10◦ inclination
about two planes at right angles to each other.

Over-range: Measurement of residual changes at 0 and
100% span, which result from over-ranging the input by
50% for a period of 1 min and after allowing a 5-min
recovery period.

Accelerated life: Measurement of the change in perfor-
mance of the instrument after the application of 100 000
cycles of amplitude equal to half the span.

Supply voltage and frequency variations: Effect at 0 and
100% span of changing the supplied voltage (and supply
frequency where appropriate) between specified limits.

Short-term supply voltage interruptions: Measurement
of the output changes, and recovery time, following a series
of interruptions of specified duration.

Common mode interference: The effect of applying
extraneous voltages between earth and each input and out-
put terminal. Initially, by applying 250 V rms at mains
frequency, followed by positive and negative 50 V DC
potentials.

Magnetic field interference: Effect on output of a mains
frequency magnetic field of 400 A m−1.

Open and short-circuit of input/output: Effect of inter-
rupting each input connection in turn for 5 min, followed
by the effect of shorting the connection. Test repeated for
each output connection.

Radiated electromagnetic interference: Effect on output
of subjecting instrument to a specified field strength, typi-
cally 10 V m−1, over a specified frequency range, typically
80 MHz to 1 GHz.

Output load variations: Effect on the instrument perfor-
mance of varying the output load within specified limits.

Degree of protection provided by enclosure: Determi-
nation of the effectiveness of the enclosure’s protection to
water and dust ingress by performing appropriate tests as
defined in IEC 60529 ‘Degrees of protection provided by
enclosures (IP Code)’.

4.4 Assessment of construction standards, ease of
use and literature quality

Standards of construction and finish: Overall design
quality, robustness, and quality of components.

Packaging: Adequacy and method of delivery.

Use: Ease of operation in terms of installation and com-
missioning, general operation, maintenance requirements,
and component accessibility.

Safety: Clarity of labeling, accessibility to live ter-
minals, whether certified for use in potentially explosive
atmospheres.
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Documentation: Quality, comprehensiveness and lang-
uage(s) of documentation, adequacy of installation, operat-
ing and servicing instructions, inclusion of circuit diagrams,
troubleshooting routines.

4.5 Review of manufacturer’s quality assurance
system and instrument status

Quality assurance system: The manufacturer is asked
to provide details of any structured quality assurance
policy that they may have adopted, if so, on which
national/international standard it is based and if it is regis-
tered under any particular scheme.

Instrument status: The manufacturer is requested to
confirm the expected life expectancy of the instrument, the
guarantee period for the equipment and for how long after
manufacture the product would be supported.

4.6 The evaluation report

A standardized format is used for reporting and IEC
61298 – 4 gives guidance as to the content of the report.
The principle followed is to present findings in a concise
and easy-to-refer-to manner. Major findings are presented
immediately after a short introduction and contain enough
information to enable a reader who does not wish to
immerse himself in details to assimilate quickly the salient
facts. A very important aspect of the report is a section
devoted to the manufacturer’s comments. This contains
verbatim comments, additional information, and criticism
(occasionally) by the manufacturer on the findings.

This section is followed by tabular and graphical results,
and the main part of the report is concluded with a descrip-
tion of the test methods and references.

The report may have appendices, when appropriate, for
additional theoretical discussion, descriptive material, qual-
ity assurance and instrument status information (provided
by the manufacturer), and a copy of the manufacturer’s
relevant specification sheet.

5 REQUIREMENTS OF AN INSTRUMENT
EVALUATION LABORATORY

In order for a laboratory to be competent to carry out com-
prehensive instrument evaluation projects, they must have
appropriate staff, facilities, and procedures, and the ade-
quacy of these can be independently confirmed by means
of accreditation to an appropriate international standard.

5.1 Staff

As discussed above, a key document in the process of an
evaluation is the test program. It is therefore important that
in addition to knowledge of the current status of relevant
specification standards, staff involved in the formulation of
the program should have a fundamental understanding of
the operation of the device, as well as the likely applications
in which it would be used. To cope with the range of
instruments being evaluated, staff experience with a mix
of basic disciplines – physics, chemistry, electronics, and
mechanics – is essential.

Once underway, in order that an evaluation is carried
out efficiently, it is important that staff involved in the
technical aspects of the work have a good understanding
of the operation of the device being tested. In addition, it
is beneficial for them to have an appreciation of the likely
performance of the equipment under certain conditions in
order that any spurious readings can be recognized as such,
allowing work to be repeated at the time of testing rather
than having the costly exercise of setting up a repeat test
at a later date.

5.2 Facilities

The facilities that are used during an evaluation fall into
three categories. Those that are used to supply an input
to the equipment under test, those that are used to measure
the instrument’s response, and finally, there are the facilities
that are used to generate an influence on the equipment.

5.2.1 Input generating devices

For the vast majority of evaluations, these would be well-
proven devices, such as a pressure balance for the eval-
uation of pressure transmitter or a temperature bath and
reference thermometers combination for the evaluation of a
temperature device. It would be normal to expect the input
device to be traceable to a national standard and its uncer-
tainty to be significantly better than the quoted performance
of the instrument under test. However, in occasional cir-
cumstances, for example, where a reference standard does
not exist, it maybe acceptable to have an input that has
been shown to be repeatable but the absolute performance
is unknown.

5.2.2 Output measurement devices

A growing number of instruments tested either have a
digital display or a digital output, which can be read using
some form of communicator or communications software
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usually supplied with the instrument. In these cases, the
laboratory may at most need to provide a personal computer
for taking output measurements.

However, many instruments still provide what would
be regarded as standard outputs, whether they be voltage,
current, frequency, or even pneumatic. In all these cases, the
laboratory would be expected to have suitable measurement
equipment, which would be traceable to national standards.

5.2.3 Influence generating facilities

From the list of possible tests given previously, it is clear
that a wide range of facilities are required to perform a
comprehensive evaluation program. Again, traceability of
the measurement of the influence is important in order to
demonstrate that any test criteria have actually been met. In
addition, by ensuring traceability it is possible at some point
in the future to replicate the test conditions either on the
same piece of equipment, possibly in the case of a dispute,
or on a subsequent device for comparative reasons.

5.3 Procedures

Having competent staff and appropriate equipment may
in itself not be sufficient to ensure that the work is per-
formed correctly, an important third component is written
procedures. These may already be part of the agreed test
program but are commonly taken from national or inter-
national standards or in-house laboratory procedures. The
purpose of the procedures is to ensure that the work is
carried out in a reproducible fashion to allow comparisons
to be made between results obtained from different instru-
ments. The content of the procedure may be more or less
detailed depending on the nature of the work.

5.4 Accreditation

For a customer of an evaluation project, it is important for
them to know that the laboratory they have chosen for the
work has the above three components – competent staff,
suitable facilities, and the appropriate procedures. Clearly
an option open to them is to carry out an audit of the
three aspects; however, there is an alternative and that is
to choose a laboratory that has been independently accred-
ited. It may not be reasonable to expect a laboratory to
be formally accredited for all the tests they are to per-
form, primarily due to financial constraints. However, it
would be reasonable to expect them to be accredited for
the primary measurement, whether it be pressure, tempera-
ture, flow or suchlike, as well as for many of the influences

that the device will see. The most appropriate standard for
laboratories carrying out comprehensive instrument evalu-
ation to be accredited against is ISO 17025:1999 ‘General
requirements for the competence of testing and calibration
laboratories’.

In the United Kingdom, the sole national accredita-
tion body recognized by government to assess, against
internationally agreed standards, organizations that provide
calibration and testing services is the United Kingdom
Accreditation Service (http://www.ukas.com). UKAS has
a number of mutual recognition agreements with other
national accreditation bodies.

6 RESULTS OF INSTRUMENT
EVALUATIONS

Periodically, EI, WIB, and EXERA commission an anal-
ysis of the results of evaluation reports that they have
commissioned. The last such analysis carried out in 2002,
covered 107 reports on equipment supplied from 12 dif-
ferent countries, with the sample comprising the following
instrument types.

Analytical and environmental safety 42%
Pressure 15%
Flow 10%
Temperature 10%
Control valves and ancillaries 12%
Level 10%
Others 1%

One might think that the results of an evaluation lose
some validity in that they are based on tests carried out on
a model that has been hand picked by the manufacturer and
could therefore be unrepresentative. However, the figures
would suggest that such hand picking does not occur,
and the author’s knowledge of instrument manufacturing
companies suggests that it is unlikely to occur.

The analysis carried out shows the proportion of equip-
ment deemed unsatisfactory in various categories. The cat-
egories and the relevant proportions are as follows:

1. Unsatisfactory as received 20%
2. Outside specification under reference

conditions
39%

3. Outside specification under simulated
environmental (influence) conditions

74%

4. Breakdown during evaluation 20%
5. Inadequate documentation 89%
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In addition, the analysis showed that 21% of the devices
met all the required specifications under both reference and
influence conditions, and 29% of the equipment evaluated
in the sample were subject to modification in design or
manufacturing method as a result of the evaluation.

Category 1 records the proportion of instruments, which,
in some way had a fault on receipt, sometimes trivial such
as a missing fuse, sometimes serious such as completely
uncalibrated or missing one or more components.

In categories 2 and 3, the manufacturer’s specification
was used wherever possible. However, as can be seen below
from the comments on category 5, this was more often
not the case. Where performance was not specified by the
manufacturer, it was judged in relation to a specification
based on current practice in instruments of a similar kind.

Category 4 records the proportion of instruments that
broke down during the evaluation. It was found that the
breakdowns were more likely to be due to a mechanical
fault than an electrical one.

Category 5 records the results of an assessment of the
documentation accompanying the equipment. The main
documents are the operating handbook, covering installa-
tion, operating principle, and operating instructions, the
maintenance handbook, and a performance specification
sheet. The evaluator forms an opinion of the adequacy of
these as a guide to the potential purchaser.

It was indicated above that about one-quarter of the
devices in the sample were subjected to modification as a
consequence of the evaluation. The criterion for inclusion in
this figure was that the manufacturer had made a statement
in his published comments to the effect that such a change
would be made.

While a number of conclusions can be drawn from the
results, category 1 results probably cause more concern to
users than the other categories. Other than failure occurring
during finished goods storage or transit, the conclusion is
that some instruments do not receive sufficient final testing
for an obvious malfunction to be detected. There was no
significant evidence of physical damage, which could be
correlated with the instruments found to be faulty.

While in categories 2 and 3 no attempt has been made to
assess the proportions of instruments that could be regarded
as serious or less serious departures from specified per-
formance, the figures suggest a tendency to optimism in
specifications. Some manufacturers have indicated that this
is so with regard to certain instruments and state that it is
often due to the commercial pressures caused by competi-
tors making performance claims known to be exaggerated.
The problem is made more difficult by variations in the
way in which performance specifications of similar kinds of
instruments are described. For example, it is often unclear
whether a specified performance relates only to reference

conditions or takes some account of influence conditions. A
significant improvement could be effected in this situation
if the methods of specifying performance of instruments of
a similar kind could be standardized.

Category 4, dealing with failures leading to instrument
breakdown, cannot be used to draw conclusions about
component reliability. The number and types used in instru-
ments vary widely, and deductions of component reliability
are better made from controlled tests on particular cate-
gories of components.

Category 5 results indicate that insufficient attention
is being given to the preparation of information, which
ensures that users get maximum effectiveness from the
instrument after delivery. Further analysis shows that 80%
of the instruments tested had inadequate performance spec-
ifications, and only 60% of the instruments had a man-
ufacturer’s specification for any influence condition. The
subject of documentation for instrumentation is covered
by British Standard 4462:1969 ‘Guide for the preparation
of technical sales literature for measuring instruments and
process control equipment’. It is hoped that manufactur-
ers would produce their documentation in line with this
standard in order that end users could benefit from the
information available and allow them to make better com-
parisons between like equipment. However, it is recognized
that such a hope is probably a forlorn one.

A reasonably high proportion of instruments are mod-
ified as a direct result of evaluation. The figure of 29%
emphasizes both the benefit of and the need for instrument
evaluation. It is a direct action to improve performance
resulting from evaluation, and it indicates the positive way
in which instrument manufacturers respond to the results of
impartial evaluation.

Some of the books that may be of value are Anonymous
(1989), Coggan (1990), Driscoll, Gudzinowicz, and Martin
(1984) and Sydenham (1983). There appears to be no more
recent statements on the subject.
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