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Executive Summary          
 

ISEAL members may accumulate a great deal of information from 

conformity assessment processes. Yet these processes often differ in 

significant ways from more conventional monitoring and evaluation 

techniques. ISEAL members may therefore struggle to apply sampling 

and statistical techniques to conformity assessment information in a 

useful or credible way.  

 

This Guide is written to:  

 

 help ISEAL members understand the opportunities and 

challenges when using conformity assessment data for 

monitoring and evaluation of sustainability standards (‘Level 

1’ information),  

 suggest how to design and use additional research (‘Level 2’ 

information), identifying the best long-term strategies to deal 

with methodological and practical challenges, and  

 show how this approach fits into a Plan, Do, Check, Act cycle. 

 

The underlying philosophy of the Guide is to get the research design 

right in order that subsequent data analysis can be credible and 

simple.    

 

The Guide is not a comprehensive text on statistical techniques and 

analysis, but sets out to:  

 

 indicate the techniques that may be appropriate to members 

contexts now and in the future, 

 explain some of the basic concepts that help in selection and 

use of these techniques,  

 introduce a technique known as ‘Mixed Methods’, which 

ISEAL members may find to be of value given the challenges 

facing data analysis affected by the complexity of human 

behaviour and environmental conditions, and by the relative 

weakness of statistical techniques that can be used with non-

normal distributions, and  

 signpost further information sources. 

 

Wherever possible the Guide considers real-world contexts of the 

sort likely to face ISEAL members whose data may be influenced by 

copious - often uncontrollable, sometimes unknowable - external 
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factors, such as weather, seasonality of audits, or expertise of 

auditors. As a result data is often difficult to interpret, and 

conclusions perforce tentative.  

 

The Guide also attempts to suggest techniques usable with ‘non-

normal distributions’ which ISEAL members may well find applies to 

their data. Many commonly available statistics texts deal almost 

exclusively with tests and techniques that apply only to ‘normal’ 

distributions, sometimes without even mentioning this restriction. 

Unfortunately, techniques suitable for non-normal distributions tend 

to be weaker i.e. are less likely to indicate interesting results such as 

differences between groups with confidence.   

 

Wherever possible, throughout the Guide, information is given 

specific to the different types of indicators ISEAL members may 

choose, categorised as Scheme Performance Indicators, Producer 

Performance Indicators or Environmental / Social Condition 

Indicators. These indicators may apply to immediate outputs, or to 

short- or long-term outcomes, or to long-term impacts and the Guide 

also considers how these influence how data could be gathered, 

analysed and reported.  

 

This Guide is intended to contribute to a growing body of ISEAL 

literature that should help ISEAL members refine their monitoring 

and evaluation objectives and practice. 
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1 Introduction 
 

1.1 Who this Guide is for 

 

This Guide is written for members of ISEAL. It is intended to be used 

by those responsible for monitoring and evaluation (M&E) of 

standards systems, or with an interest in the results and insight that 

monitoring and evaluation can provide.  

 

It will also be of interest to others engaged in improving the efficacy 

of standards systems with environmental and social objectives.  

 

This Guide strives to be relevant and accessible to an audience with 

varying levels of understanding of standards systems, or of analytical 

and statistical tools. Readers may be dealing with large amounts of 

data, or very little, or data of uncertain quality.  

 

To produce a guide that covers such a wide range of situations is 

challenging, yet any ISEAL members with an interest in deriving 

relevant and trustworthy information and insights from assurance-

related data will find something of value. 

 

1.2 How to use this Guide  

 

The Guide is divided into eight sections.  

 Section 2 looks at current problems related to data collection 

and analysis. 

 Section 3 presents ways of mitigating these problems using 

‘mixed methods’. 

 Section 4 looks at solutions to these problems such as better 

audit processes and better research design. 

 Section 5 discusses sampling options. 

 Section 6 presents a range of statistical techniques that can 

be used.  It also considers how to clearly and credibly report 

your findings.   

 Section 7 contains some examples. 

 Section 8 contains a vocabulary that should help ensure that 

the terms used in the Guide are easy to understand. 

 Section 9 provides recommendations for further reading if 

more information or detail is required. 
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1.3 What this Guide covers 

 

1.3.1 Scope 

 

This Guide provides an understanding of statistics and sampling 

techniques that could be useful in the majority of circumstances 

relevant to ISEAL members, but it is not is a comprehensive text on 

statistics. In addition to covering data collection and analysis, this 

Guide also considers the thornier real-world issues of attribution, 

confidence and dealing with uncertainty.  

 

1.3.2 Sources of monitoring data 

 

This Guide covers two possible sources of monitoring data. 

 

Level 1: Collection of monitoring data by assurance providers and 

others during the assurance process.   

 

This can include data collected in pre-audits, audits (including those 

with negative certification decisions), surveillance audits and other 

random or unannounced audits that are part of certification 

requirements or accreditation processes.  

 

Standard scheme owners might opt to change future requirements 

for conformity assessment bodies to collect data, and then sample 

that information, to reach conclusions. This might include, for 

instance, sampling for chemical, physical or microbiological 

indicators (with the auditor collecting produce, soil or water or other 

samples to send for testing for contaminants, residues or DNA, or 

testing a subset of them and archiving the balance).  Alternatively, 

during a conformity assessment process data might be gathered on 

where products were sold, or what supply chain products entered, 

with analysis of a sample of this to verify traceability. 

 

Level 2: Collection of monitoring data by standards owners, or by 

others, from a sample of certified entities.   

 

This is data collection that goes beyond that which may occur in 

assurance processes described in Level 1. It may be collected at the 

same time as Level 1 assurance processes or in completely separate 

and additional research. For instance, conformity assessment bodies 

may hold data not available to the standard scheme owner, possibly 

in paper form only, and rather than mining all records a sample may 

In addition to 
covering data 
collection and 
analysis, this Guide 
also considers the 
thornier real-world 
issues of attribution, 
confidence and 
dealing with 
uncertainty. 
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be enough to glean the required information. Alternatively, there 

may be times when one wants to learn more about the population 

and could do this by using the conformity assessment body to carry 

out the research while the audit was going on. This could be all 

audits for say the next month, or a randomised sample, or this could 

be a 100% sample taken over a year.  Note that in many cases audits 

all happen within a short period. 

 

A third level of monitoring data is not considered in this Guide. 

 

Level 3: More detailed and extensive data collection including 

‘case studies’ or studies of samples of certified/verified entities to 

provide in-depth analysis or evaluation against specific evaluation 

questions, and/or to validate or explain information derived from 

Level 1 or 2 activities.   

 

Figure 1: Levels of M&E activity 
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1.3.3 Outputs, outcomes and impacts 

 

ISEAL’s Impacts Code defines outputs, outcomes and impacts as in 

Table 1 (all adapted from OECD Glossary). 

 

Table 1: ISEAL definitions of Outputs, Outcomes and Impacts 
 

Outputs 

 

> ‘The products, capital goods and services which 

result directly from the activities of a standards 

system’. 

 

> Output indicators can generally be measured 

relatively readily, and are amenable to annual 

monitoring as part of or in combination with a 

regular assurance process. 

  

Outcomes 

 

> ‘The likely or achieved short-term and medium-

term results from the implementation of a 

standards system’. 

 

> Short-term and medium-term outcome indicators 

are likely to be measured less frequently, and as 

part of separate data-gathering processes. They 

can help standard systems benchmark 

performance and gain understanding to help 

adjust their intervention theory. 

  

Impacts 

 

> ‘Positive and negative long-term effects resulting 

from the implementation of a standards system, 

either directly or indirectly, intended or 

unintended’. 

 

> Impact indicators are also likely to be over a larger 

area being measured less frequently and may 

provide insight into the standard system’s efficacy 

and the validity of its theory of change. 

 

 

This Guide considers all of these, but its focus is the first two: 

outputs, and short and medium term outcomes.  
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ISEAL members’ standards systems do not operate in isolation from 

other influences. Measuring a standard system’s outputs using 

assurance data is a quite different prospect from measuring long-

term impacts using the same data.  Variations both in the way and 

the time data are collected, and the influences of external factors, 

combine with the passage of time to make it increasingly difficult to 

attribute1 an observed impact to any standards system as illustrated 

in Figure 2.   

 

Figure 2: Illustration of likely possibility of attribution 

 

 
 

1.4 How this Guide relates to other ISEAL 
documents and processes 

 

The vocabulary in Section 7 of this Guide draws on definitions from a 

range of ISEAL documents and codes of good practice.   

 

1.5 How this Guide relates to other standards 
and statistics documents 

 

This Guide can be usefully supplemented by other standards and 

guidance documents.  Those listed below are not a comprehensive 

list, but are included for illustration. 

 ISO 14031:1999 Environmental management – Environmental 

performance evaluation – Guidelines.  ISO 14031 has content 

                                                           
1
 “To attribute” can be defined as:  to regard something as being caused by.  In the 

case of standards systems the question of attribution is whether or not a particular output, 
outcome or impact can be regarded as being caused by the application of the standard 
system or to a related program undertaken by the standard owner. 
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directly relevant to ISEAL members, including discussion on 

how the Plan Do Check Act cycle and performance evaluation 

are linked.  There are also useful guidelines on indicator 

selection.   

 ISO has several Technical Committees (TCs) involved with 

development of standards related to sampling and analysis2.  

Those of possible relevance to ISEAL members’ work include: 

TC 69’s documents on statistics, sampling and analysis – over 

90 standards and guidelines in statistics and sampling.  Some 

of these documents are directly relevant, for example, those 

used to help build the vocabulary in this Guide.  Many of the 

documents relate to the sampling of products (manufactured 

or natural) to determine conformity with specifications – for 

example, whether a buyer should accept a batch of 100,000 

T-shirts based on a sample.  For those with advanced 

understanding of statistics and sampling, it is recommended 

that prior to developing a unique approach, TC69’s work is 

reviewed to see if anything of direct relevance already exists. 

TC 134 covers sampling of dry and fluid fertilisers and soil 

amendments. 

TC 167/SC6 has over 20 standards that deal with sampling 

and analysis of water.   

TC 190 covers sampling and analysis of soils. 

TC 207 covers the ISO 14000 series of environmental 

standards, including ISO 14031, life cycle analysis and 

greenhouse gas verification. 

TC 268, while yet to publish any documents, is working on 

sustainable development in communities. Their first project is 

a standard on indicators for quality of life.   

 Codex Alimentarius’ General guidelines on sampling (CAC/GL 

50-2004)3 provide guidance on sampling of food products – 

for example to verify absence of chemical residues.   

 The United Nation’s Department of Economic and Social 

Affairs Statistics Division’s 'Designing household survey 

samples: Practical Guidelines’.  While aimed at country level 

household surveys, run by the country’s statistics 

department, the guidelines are also meant for use by other 

users.   

  

                                                           
2 For a full list of TCs and their work programs, see 

http://www.iso.org/iso/home/standards_development/list_of_iso_technical_committe
es.htm  Some of these standards are already in use within the ISEAL community, for 
example the Assurance Code references ISO 2859. 

3 See 
http://www.codexalimentarius.org/download/standards/10141/CXG_050e.pdf  

http://www.iso.org/iso/home/standards_development/list_of_iso_technical_committees.htm
http://www.iso.org/iso/home/standards_development/list_of_iso_technical_committees.htm
http://www.codexalimentarius.org/download/standards/10141/CXG_050e.pdf
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1.6 How this Guide fits into a Plan Do Check Act 
(PDCA) cycle 

 

ISEAL member certification scheme 

owners should conform to ISEAL’s 

Impacts Code.   

 

While not explicitly mentioned in the 

Impacts Code, it is based upon the 

elements in a ‘plan, do, check, act’ 

(PDCA) cycle that includes the following 

steps as outlined in the Impacts Code. 

 

1) Describing the desired outputs, 

outcomes and impacts of their 

standards systems and other 

programs. 

 

2) Designing and implementing plans 

to achieve outputs, and hence 

outcomes and impacts. 

 

3) Monitoring performance against outputs, outcomes and impacts. 

 

4) Reviewing progress towards outputs, outcomes and impacts in 

the light of monitoring information. 

 

In the context of this Guide, the monitoring and evaluation 

programme of a standards owner is focused on the 'check' step in 

the PDCA cycle.  The 'check' step is not separate or apart from the 

overall management of the organisation, rather it is an integral part 

of the organisation’s planning and activities.  Monitoring and 

evaluation is the key component in a process of continual 

improvement.  The results of evaluation can produce knowledge and 

insight that can inform the next iteration of planning and projects. 

 

  

Figure 3: The PDCA Cycle 
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2 What are the current problems 
to be addressed? 

 

An understanding of the sources and qualities of conformity 

assessment data, the type of data collected and its uses provides 

valuable context to any statistical analysis and sampling techniques 

that may be chosen. This section considers a range of common 

problems that must be overcome when designing and implementing 

a sampling and analysis programme based upon Level 1 and Level 2 

data. 

 

Possible solutions to these problems are identified in Sections 3 and 

4.  

 

2.1 What can go wrong, and how to deal with 
uncertainty 

 

The following sections consider the challenges of using statistics and 

sampling in non-laboratory conditions. A hypothetical example is also 

provided to illustrate some of the issues raised.  

 

Even in laboratory controlled conditions, detailed statistical analysis 

of results based on a sample is rarely straightforward. There is a 

world of difference between the laboratory and the real world of 

production and management of natural resources. In this context, 

there are countless variables involved, innumerable external factors 

influencing outcomes and impacts, and samples can never be fully 

random or representative.   

 

Understanding and dealing with these 

challenges is a key requirement of using 

data from standards systems for ISEAL 

members’ monitoring and evaluation. 

Before describing statistics and sampling 

techniques that ISEAL members may wish 

to consider in Sections 5 and 6, the next 

sections consider what can go wrong, and 

how to deal with uncertainty.  
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2.2 Quality of audit collected statistics  

 

Data collected for assurance purposes (i.e. Level 1 data) is not always 

appropriate or easy to use for monitoring and evaluation. The 

purpose is generally conformity assessment rather than information 

gathering. For instance, an auditor may simply be checking that data 

exist, in which case the information available is just “yes” or “no”.  If 

the auditor has to do something with the data and include it in a 

report then more detail (or some level of analysis of the data) might 

be available.  Issues of accuracy, subjectivity, coding of answers, 

confidentiality, time constraints and conflicts of interest can all 

further undermine the value of audit-collected data for monitoring 

and evaluation purposes. 

 

Some information, for example on the demographics of a certified 

entity (e.g. location, area, name and age of manager) will generally 

be captured reliably and reported by assurance providers.  The 

reliability and consistency of other information, e.g., that related to 

non-conformity findings, should be treated with caution (see Section 

4.1, The challenge of Level 1 audit data). 

 

The next sections point out some of the issues that must be taken 

into account when using specific types of Level 1 data for monitoring 

purposes.  The intent here is to highlight issues that may arise; 

forewarned is forearmed.   

 

2.2.1 Pre-Assessment audits 

 

Using information gained in pre-assessment audits may be 

problematic for the following reasons. 

a) Depending on the scheme, pre-assessment visits may not be 

compulsory.  This means that those having pre-assessments 

may not be representative of the whole population - they 

may be better or worse than average - for example only 

those worried that they might fail could have a pre-

assessment. 

b) The pre-assessment audit may not be a complete audit.  

Generally clients want an indication of whether they will 

pass or have non-conformities and in what areas those non-

conformities may occur.  As a result, the audit process may 

not include activities where the client’s confidence is high.  If 

the pre-assessment indicates total failure is probable, it may 

be aborted prior to completion.   
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c) Non-conformities may not be recorded as such – they may 

be verbally noted but not recorded, or be covered in written 

reports as areas for attention.   

d) Pre-assessment reports may be confidential between the 

auditor and the client – and if negative, the client may 

withdraw from the certification process.  Understandably, a 

report on a client’s weaknesses prepared at an early stage of 

a certification process is commercially sensitive.    Some 

schemes require conformity assessment bodies (CABs) to 

provide scheme owners information on pre-assessments 

undertaken, but not the findings.   

e) Pre-assessments may be undertaken by those not engaged 

in the assurance process – often by consultants rather than 

by accredited CABs.  Accredited CABs have also been known 

to use a non-accredited division (without contractual 

obligations to the scheme owner) to undertake pre-

assessments, so sheltering outcomes from ‘discovery’. 

 

Generally Level 1 data collected during a pre-assessment is less 

reliable than if collected in full assessments. 

 

2.2.2 What really happens in an audit 

 

While audits may take place at every single site each audit cycle, the 

data collected may not provide an accurate picture of what is really 

happening.  This is due factors such as the following. 

a) Variation in time of audit.  Typically audits are spread over a 

year, which means that 12 months or more may separate 

audits within a cycle.  This means that behaviours may have 

changed between audits – for example prices may have 

dropped half way through the year, resulting in more ‘corner 

cutting’ and hence non-conformity.  Seasonal impacts will 

have occurred, and in annual production cycles audits will 

not all observe the same activities.  Weather may also be an 

influence – for example an audit conducted just after rain 

may find slightly different conditions from an audit 

conducted after several sunny days. Shift changes may have 

occurred and the staff at a site may be different from one 

audit to the next. Findings of conformity in harvest activity 

may in fact indicate there was no harvest activity to witness, 

rather than conformity per se. 
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b) Variation between auditors.  While auditor calibration helps 

reduce variability, it will still exist. Each auditor has a 

different skill set, and a preferred area to audit – generally 

the area in which they are technically strong.  For example, if 

one auditor is a soil fertility expert they will slant their audits 

towards this area and may find evidence that a lesser expert 

may miss, if another specialises in food safety they will 

spend more time there.    

c) Raising non-conformities against differing clauses.  The 

same non-conformity may be raised against different 

standard clauses by differing auditors, or the same auditor 

depending on circumstance.  For example, a finding that 

something has not happened could be raised against the 

clause requiring it to be done, or if the auditor felt the root 

cause was lack of personnel competency, it could be raised 

against training of staff. 

d) Sampling within the audit.  Audits are sampling exercises, 

and variation can arise due to not all standard requirements 

being audited, or low sampling rates meaning non-

conformity goes undetected.  For example, if an average 

auditor can audit ten clauses an hour, and a one-day audit 

has six hours of audit time, which of the clauses in a 120 

clause standard will be audited?  Likewise, an auditor might 

only review a sample of three personnel files out of 100 files 

thus giving a large margin of error.  

Sampling will be greater during surveillance audits than in 

initial or recertification audits.  While it is usual for 

surveillance audits to be shorter than certification audits, 

frequently whole sections of the requirements are not 

audited during surveillance.  

Training on sampling is not included within any auditor 

training programs.  In addition, auditors are not required to 

have training in statistics. 

e) Use of differing labels.  Auditors usually have freedom to 

write finding statements in their own style.  This means that 

information will be difficult to extract.  For example, you 

may know a particular clause has a non-conformity in 5% of 

certified entities, but it may be extremely difficult to 

determine exactly what the non-conformity was, the root 

cause and the corrective action taken. 

Audits are 
sampling 
exercises, and 
variation can 
arise due to not 
all standard 
requirements 
being audited, or 
low sampling 
rates meaning 
non-conformity 
goes 
undetected. 
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Due to resource constraints, almost all audits are sampling exercises. 

Variation can arise due to not all standard requirements being 

audited, or low sampling rates within criteria. Each can mean non-

conformity goes undetected.  For example an auditor may only 

review a sample of three personnel files out of 100 files, resulting in 

a large margin of error. It is salient that training on sampling is not 

included within any auditor training programs. 

 

2.2.3 What really happens in group and multisite audits 

 

The objective of an audit of a group member is to validate assurances 

provided by the group manager that the population of group 

members is in conformity with the standard’s requirements.  The 

audit is designed to verify that the group’s process and procedures 

are in place, fully functioning and are in conformity with the 

requirements of the standard system.  As a part of the audit a sample 

of members are examined to determine whether or not the group’s 

systems are functioning in practice and if the population as a whole 

could be assumed to be in conformity.  (Indeed, some group 

members sampled may not be in conformity and the group will still 

pass, see ISEAL Assurance Code clause 6.5.3 for details.) 

 

The sample size of members in a group audit is often the square root 

of the number of group members.  However this has no statistical 

validity and may be quite inappropriate in some circumstances4. As 

an example, a population of 1,000 group members would have a 

square root sample size of 32. With a 95% level of confidence this 

can yield a margin of error of 17%.  A larger population of 10,000 

with a sample size of 100 with a 95% level of confidence could have a 

lower margin of error of 9%. Refer to Section 5 for more on sample 

sizes, acceptance sampling, and margins of error and confidence 

levels. 

 

A predetermined fraction of the square root of the number of 

members may be used by some schemes (e.g. 0.6 of the square 

root), further increasing the margin of error.  

 

In addition to sources of error discussed above, there are some 

additional causes, as below. 

                                                           
4 The square root rule seems to have been first adopted in the 1920s by the USDA 

because it was an easy rule for its inspectors to remember, despite knowing there was no 
statistical basis for it.    See http://www.freewebs.com/wasimexpress4/nplussample.pdf 
for an interesting discussion on its accuracy. 

http://www.freewebs.com/wasimexpress4/nplussample.pdf
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a) Samples are rarely if ever random.  Some standard systems 

require samples to be judgemental, skewed to those group 

members who may create highest risk, or be selected as 

sites where an internal audit run by the group manager is 

already scheduled.  A random sampling pattern may create 

unworkable logistics, so sites which are ‘outliers’ may be 

swapped for those where a more practicable travel itinerary 

can be created. 

b) Not all clauses may be audited.  Group member audits are 

usually shorter than normal audits, so the auditor may have 

to take smaller samples of clauses and smaller samples for 

each clause.   

 

Multisite audits are conducted following the guidelines for single site 

audits.  Normally each site is examined by the audit team and the 

elements of the requirements that are relevant for each site are 

verified.  Under some circumstances some standards systems have 

provided for exceptions to this practice in cases where the risk of 

non-conformity at some sites is deemed low. 

 

2.3 Failed audits 

 

As a rule, it is extremely unusual for applicants to fail an audit.  They 

may withdraw from the certification process, they may have a 

number of non-conformities to address and never complete the 

process, but ‘failure’ is rare. 

 

Scheme owners seeking to use data from audit failures should do so 

with extreme caution – failure would need to be well defined, and 

the motivation for withdrawing from an application, or relinquishing 

certification would need to be well understood.  For example, should 

a client that had two pre-assessments from competing schemes, and 

went ahead and passed one of the scheme’s audits be considered a 

failure by the other scheme it did not proceed with?     

 

2.3.1 Using audit data for monitoring and evaluation 

 

As the preceding sections will have described, data from audits - 

whether passed or failed, group, multisite, or comprehensive, 

unannounced surveillance or planned - may well fall far short of the 

standard that would normally be expected for statistical analysis. All 

manner of inherent errors and biases may be present in the data. 

 

Scheme owners 
seeking to use data 
from audit failures 
should do so with 
extreme caution – 
failure would need to 
be well defined, and 
the motivation for 
withdrawing from an 
application, or 
relinquishing 
certification would 
need to be well 
understood.   
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Four approaches may help mitigate this problem. 

a) Selection.  You may be able to derive value from analysis of 

a carefully selected group of entities for which you are more 

confident in the validity of data gathered. 

b) Weighting. If you know how different sections within the 

group being studied are differentially affected by external 

factors (such as those mentioned in preceding sections), and 

if you know the relative proportions of those sections, 

weighting may help reduce bias. (Refer to Weighting, Section 

6.2.1)  

c) Conservative reporting. Careful reporting and analysis will 

ensure that an appropriate level of confidence is attached to 

any conclusions derived from the data. (Refer to Reporting, 

Section 6.5).  

d) Mixed methods.  Data that is imperfect is not always 

without value. It may have indicative and informative value, 

especially when triangulated with other data sources, 

including qualitative data. (Refer to Mixed Methods, Section 

3). 

 

2.4 Attribution 

 

Perhaps the trickiest problem facing users of data is distinguishing 

between cause and correlation; can an observed difference be 

attributed to the factor being studied?  

 

Cause and correlation are easily confused. Research might well show 

that reading ability is strongly correlated with shoe size, or even that 

sleeping with one's shoes on is strongly correlated with waking up 

with a headache. However, is it the shoes that are causing the 

headaches or improving the reading skills?  

 

Correlation thus points to an association between two variables but 

does not identify what causes what. Once a correlation is 

established, further research will generally be needed to consider, 

and perhaps discount, other factors that are having an influence on 

observed results. 

 

One common approach is to compare the study group with another 

group where one or more factors influencing the study group are 

absent.  So, for example if data indicate certified entities have 

achieved an increase in yield, we need to compare this with changes 

in yield experienced by those not involved in certification. We might 

find that yields elsewhere have been rising (or falling) just as much 
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due to climatic, technical or other reasons. A ‘control group’ is 

needed with which to compare the performance of the certified 

entities. Selection and use of control groups comes with its own set 

of challenges and is considered in Section 6.1.6. 

 

The particular indicators you have chosen will have a substantial 

bearing on how easy it is to attribute what you have observed to 

what you have done. Attribution will also be easier for Outputs than 

Impacts, as shown in Figure 2 on page 3. 

 

In most contexts it will be impossible to definitively prove that any 

change has been brought about by a standard system, assurance 

process or support activity. Likewise, it will be impossible to attribute 

a percentage attribution (e.g. holding the training session was 75% 

responsible for 10 farmers adopting a specific new practice). Good 

research design can reduce but not completely remove this problem. 

Moreover, if you have very large sample sizes, techniques exist to 

help disentangle the various internal and external factors. 

Nonetheless, monitoring and evaluation inevitably has to deal with 

issues of ‘confidence’ and ‘significance’. 

 

2.5 Confidence and Significance 

 

‘Confidence’ and ‘significance’ can both be confusing terms in 

monitoring and evaluation, as each can mean different things in 

different contexts.  

 

2.5.1 Confidence 

 

For a statistician, a ‘confidence level’ is the probability that a certain 

event will occur, or observation be made, and is related to a 

‘confidence interval’. For example,  

 

‘90% confidence of a yield of potatoes being 20 tonnes/hectare plus 

or minus two tonnes’, 

 

90% is the confidence level and two tonnes is the confidence 

interval. 

 

In other words, the probability of a yield between 18 tonnes and 22 

tonnes is 90%.  
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Alternatively, to put it another way if the sample is big enough, nine 

out of every ten yields will be between 18 and 22 tonnes/hectare.   

 

Generally,  

 

 the higher the confidence level, the wider the confidence 

interval, and  

 

 as we take more samples the confidence level increases and 

the confidence interval decreases.  

 

There is an important relationship between confidence interval and 

the size of the effect you may be looking to establish. For instance, 

you might expect a 5% improvement in performance to be 

associated with involvement in an assurance process. If so, were a 

measured outcome to have a confidence interval of 10%, the effect 

of involvement in the assurance process could well be obscured by 

the uncertainty in the data. In other words the confidence interval 

needs to be less – ideally much less – than the size of the effect being 

studied.   

 

Table 2 illustrates the problem. In this example a sample of 68 

producers shows with 95% confidence an apparent 10% increase in 

yield from 10t/ha to 11 t/ha.  However the confidence intervals are 

so great that it would be quite possible for this apparent increase to 

be due to chance alone.  

 

Table 2: Relationship between confidence interval and the size of 

the effect. 

 

 2011 2013 

Population size 20,000 20,000 

Sample size 68 68 

Average yield in sample 10.0 t/ha 11.0 t/ha 

95% confidence interval 1.2 t/ha 1.3 t/ha 

Population average yield with 

95% confidence 

8.8 – 11.2 t/ha 9.7 – 12.3 t/ha 

 

As shown in table 3, increasing the number of samples could reduce 

the confidence interval to a point where the interval is less than the 

effect being studied.  

 

This example is presented to illustrate that the size of the effect 

being studied may have an effect on necessary sample sizes and 

confidence levels and intervals. There are more complex and subtle 
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ways of comparing two groups, outlined in Section 6.1, and 

determining sample size is covered in more detail in Section 5.2. 

 

Table 3: Relationship between confidence interval and the size of 

the effect with increased sampling. 

 

 2011 2013 

Population size 20,000 20,000 

Sample size 350 350 

Average yield in sample 10.0 t/ha 11.0 t/ha 

95% confidence interval 0.5 t/ha 0.6 t/ha 

Population average yield with 

95% confidence 

9.5 – 10.5 t/ha 10.4 – 11.6 t/ha 

 

The other use of statistical ‘confidence’ relevant here could be called 

‘attribution confidence’.  This is an indication of how sure we can be 

that an observed change can be attributed to, i.e. is caused by, a 

specific action or set of actions.  

 

For instance, we might be 90% confident that an increase in yield is 

attributable to better soil management. 

 

This is a very much harder determination to make, as it requires us to 

separate the effects of the action (in this case better soil 

management) from all other internal and external factors that may 

have had some influence. When a large volume of high-quality data 

are available, a technique known as ‘regression analysis’ can be used 

(see Section 6.3.4). 

 

For ISEAL members this means that measuring the impact of 

standards systems is much more difficult than simply measuring the 

differences between certified and non-certified units. Can we be sure 

that the changes observed before and after introduction of the 

standards system, or particular interventions, would not have 

happened anyway?   

 

2.5.2 Significance 

 

As with ‘confidence’, ‘significance’ has a somewhat different 

meaning in a statistical sense from more common usage.  

 

To a statistician, ‘significance’ is an assessment of whether 

observations reflect a pattern rather than just chance. In statistical 



18   ISEAL M&E Guidance Note – Sampling Strategies and Statistical Analysis 
 

testing, a result is statistically significant if it is so marked that it 

would rarely be expected to arise simply by chance.  

 

Significance can also be taken to mean importance or relevance. A 

result that indicated participation in a standards system led to 

increased household wealth would be significant in this way.  

It is good practice to distinguish the former meaning of significance 

by always referring to it as ‘statistical significance’ (or to a result 

being ‘statistically significant’).  

 

2.5.3 Data quality vs. data quantity  

 

Monitoring and evaluation are only as good as the data that runs 

through them. ‘Rubbish in, rubbish out’ is a fundamental truism of 

any system, and applies to all statistical analysis.  

 

Data quality is generally based on relevance, accuracy, and reliability. 

An assessment of the quality of the data you are evaluating should 

come before any statistical analysis and reporting. It may be that 50 

relevant, accurate and dependable data points are more valuable 

than 5,000 that are of peripheral relevance, of limited accuracy, and 

doubtful dependability.   

 

2.6 Dealing with uncertainty 

 

The preceding sections may have highlighted limitations in the data 

you have available. However, not all is gloomy! Just because data is 

in some way imperfect, or leads to results in which you have less 

confidence than you might wish, that does not mean it is of no value. 

While every effort should be made to obtain data that is of good 

quality, some uncertainty is inevitable, and an intelligent approach 

needs to be used to deal with results that are imperfect. Such results 

may well have ‘indicative and informative’ value, even if neither clear 

nor absolute. 

 

Judgments have to be made regarding the quality of data and an 

acceptable level of uncertainty about conclusions. This will be 

different for different audiences and for different associated risks of 

error. For instance, in a quality assurance process for reliability of 

components critical to a nuclear power plant, anything less than 

100% might be insufficient. If considering the likelihood that a 

standards system has led to an improvement in yields, a much lower 

figure might be judged sufficient.  

Just because 
data is in some 
way imperfect, 
or leads to 
results in which 
you have less 
confidence than 
you might wish, 
that does not 
mean it is of no 
value. 
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Generally results and information from a number of sources will 

need to be combined to build a sufficiently clear picture from which 

to draw conclusions and to inform decisions. Indeed the use of 

‘Mixed Methods’ to this end is now a well-developed discipline. 

More information on this useful technique is given in Section 3. 

What this means is that data from assurance processes will usually 

need to be embedded into a broader framework of analysis.  

Additional data that facilitates this can come from diverse internal 

and external sources. An imaginative approach and time spent 

researching and assessing additional data sources can be very 

valuable. Information developed by government, industry and other 

sector organisations, the views of interested parties, and published 

scientific research are examples of such sources. Publicly available 

census or survey data for the broader population might also be 

useful as proxy data for baseline information. 
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Example 
 

Monitoring and evaluation of the Sustainable Potato Standard – a hypothetical example of using 

statistics and sampling techniques 

 

What follows is a completely hypothetical example of the perils of using statistics and sampling 

techniques for monitoring analysis. It gives examples of what can go wrong, and what can be done to 

get closer to valuable, credible results. No criticism whatever of Peru’s wonderful potatoes and potato 

farmers should be inferred! 

 

Background 

 

Imagine there are 450,000 potato farmers in Peru. In the four years to 2012, 10,000 of them have 

been certified by Sustainable Potato International to the Sustainable Potato Standard. Of these 9,500 

have current certificates. Data from the Peruvian Department of Agricultural Information produced in 

2008 indicated that 86% of potato farmers grow solely potatoes, the rest grow some other crops as 

well. 

 

In 2010, a revision of the Sustainable Potato Standard added advice to adopt ‘no-dig’ techniques in 

many places, as it is believed that this can result in less erosion and fewer emissions without loss of 

profit.  

 

Immediately prior to the release of the revised Sustainable Potato Standard, a random sample of 100 

certified farmers was surveyed by a team contracted by Sustainable Potato International, and asked 

‘have you adopted sustainable no-dig techniques in your potato production?’  

 

It had been suggested that adoption of no-dig techniques would prove more problematic for mixed 

farms, so they also wanted to see whether results would be different for farmers who also grew other 

crops as well as potatoes. 

 

To match national average data it was ensured that the 100 surveyed comprised 86 who grew just 

potatoes (‘potato-only’), and 14 who grew more than one crop (‘potato-plus’).  

 

27 out of the 100 in the sample (27%) reported using no-dig techniques:  

 

 25 of the 86 potato-only sample, and  

 

 2 of the 14 potato-plus other crops sample.  
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Surveyors found that a number of farmers whose only usual commercial crop was potatoes also grew 

other crops for their family’s consumption but would occasionally sell surplus in local markets. Finding 

it difficult to determine which category such farmers belonged to, and wanting to make the resulting 

data clearer, such farmers were excluded from the selected 100. 

 

Two years later… 

 

In 2012, as part of their Impacts Monitoring, Sustainable Potato International set out to see what 

percentage of farmers had adopted ‘no-dig’ following the revised 2010 Standard’s advice.  

 

Attempting to ensure that the nature of their sample was just the same as in 2010, Sustainable Potato 

International tried to contact the same 100 farmers as in 2010. 20 of those farmers could not be 

contacted, but 80 certified farmers (69 potato-only, 11 potato-plus) provided responses to a face-to-

face survey that asked ‘have you adopted no-dig techniques in your potato production?’ as part of a 

larger questionnaire. The survey was carried out by a team of two, working independently over a four-

month period, longer than had been intended due to bad weather.   

 

2012 Results  

 

48 out of the 80 in the sample (60%) reported using no dig techniques: 

 

 45 of the 69 potato-only farmers. 

 3 out of 11 potato-plus farmers. 

 

Conclusions Presented 

 

Sustainable Potato International concluded that: 

 

“Among certified farmers, the Sustainable Potato Standard has led to the adoption of no-dig potato 

farming more than doubling in Peru over the last two years. Adoption by farmers who grow nothing 

but potatoes has reached 65.217% and for farmers who grow other crops the figure is 27.272%”. 
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What has gone wrong, and what could be improved? 

 

The samples are probably too small.  

 

How big should a sample be? The answer depends on how sure you want to be that conclusions are 

valid. That depends on a number of factors including:  

 

How wide a margin of error you are happy with and how sure you want to be that the real answer lies 

within that margin of error. 

 

 To use the first part of our case study (assuming that the 100 farmers selected were 

exactly representative of the 10,000 certified), we can use look-up tables to show that our 

figure of 27% of farmers using no-dig techniques has a margin of error of +/- 8.66% at the 

‘95% confidence level’, or a margin of error of +/- 11.4% at the ‘99% confidence level’. 

 In other words we can be 95% sure the actual figure for all certified farmers lies between 

18.34% and 35.66%, and 99% sure the actual figure lies between 15.6% and 38.4%. 

 Those might be considered high margins of error. Increasing the sample size will help 

reduce these.  

 Considering just the 95% confidence level, to get the margin of error down to: 

+/- 5% we need to increase the sample size to 370.  

+/- 3% we need to increase to 964. 

+/- 1% the sample would need to be 4899.    

i.e. diminishing returns for extra effort. 

 The sample size for the ‘potato-plus’ group in the surveys is even smaller than for all 

farmers. In fact, for this tiny sample group the most accuracy we could claim for adoption 

of no-dig, at a 95% confidence level is 27.27% +/- 26.22%! Or somewhere between 1% and 

53%.  

 Online calculators now help with this kind of assessment without you needing to know the 

formulae behind them. (e.g. www.relevantinsights.com/research-tools) However, be very 

careful of our assumption: that the 100 farmers selected were exactly representative of 

the 10,000 certified. 

 

For more on sample sizes and choosing samples refer to Section 5.2, Sampling.  

 

The conclusion is too specific about who it refers to.   

 

The conclusion given refers to “certified farmers”, but should refer specifically to “farmers who have 

been certified and retain certification”, or in fact “potato farmers who have been certified and retain 

certification and who either grow nothing but potatoes or whose other vegetable growing is also 

commercial”. 

 

For more on careful reporting refer to Section 6.5, Reporting. 

 

http://www.relevantinsights.com/research-tools
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The conclusion is too specific about the cause of the change.  

 

Correlation and cause can be confused easily and sometimes dangerously.  

In our example, would some or all of the farmers surveyed in 2012 have changed to no-dig even 

without the Sustainable Potato Standard? Maybe it was already being advocated by a Peruvian 

Agricultural Extension service? 

 

This can be investigated using ‘counterfactuals’ for instance the adoption of the no-dig technique by 

uncertified farmers, or by those who have dropped out of certification. This may reveal important 

insights. What if they have all dropped out because they found the no-dig technique resulted in a 

slight change to harvest time that then clashed with a religious festival? However, ‘counterfactual’ 

studies need careful planning too. Is the ‘control’ population genuinely comparable to the main study 

population in all aspects other than the intervention being studied?  

For more on cause and correlation and the use of control groups refer to Sections 6.3.5 and 6.1.6.  

 

Should the conclusion consider impacts on non-certified farmers?  

 

It is worth thinking about negative or possible unintended consequences impacts as well as positive 

impacts when designing a survey.  For instance in our example is it possible that uncertified farmers 

might show a reduction in use of good practices. And that this might be attributable to the standards 

system, perhaps as a result of reduced competitiveness with those who have been certified and 

received support and advice/ 

Maybe the farmers who have retained certification are those who were already best placed and most 

motivated to adopt better practices. Could information on drop-outs and those never-certified be 

gathered? 

For more on considering negative and unintended consequences refer to Section 6.5, Reporting and 

4.3, Research Design. 

 

Relying on potentially dubious external information to design a survey.  

 

External data sources may often be of great value to help with control groups, research design and 

generally to act as a reference point to facilitate assessment of the likely validity of research results.  

 

However, caution is also essential when assessing the validity of external data. In the example an 

assumption has been made that the overall population information is accurate and relevant to our 

study. Perhaps the original 86%/14% breakdown of farmers in our example was based on a study of 

just seven farmers (six potato-only and one potato-plus) carried out in 2006 and published in 2008. 

The real figure might have been significantly different in 2006 and even more so now. Therefore 

potato-plus may be much higher than we thought; meaning that overall uptake of no-dig could be 

much lower than claimed.  

 

For more refer to Sections 4.3 on Research Design, 5.2 Sampling, and 3, Mixed Methods. 
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The conclusion as presented is potentially misleading.  

 

Is an increase from 27% to 60% more than ‘doubling’ or ‘a 33% increase’? Both are accurate but 

appear different. Generally, ‘more than doubling’ could be misleading. Would it be fair to report an 

increase from 0.9% adoption to 1.9% adoption just as ‘more than doubling’?  

 

Quoting the actual source figures is always best.   

 

For more on reporting refer to Section 6.5. 

 

The chosen groups (potato-only and potato-plus) exclude an unknown number of farmers.   

 

Dividing farmers into ‘potato only’ and ‘potato plus’ is known as stratified sampling. This approach 

also assumes that groups or ‘strata’ are 100% distinct. As we have seen in our case, this is not 

necessarily so. In our example, farmers who did not comfortably fit into one or the other ‘strata’ were 

excluded from the survey. Perhaps the excluded farmers who occasionally sell other crops actual 

represent a large – and untested – fraction of all farmers. 

 

Remember if you are studying the difference between strata then the more the strata the smaller the 

sample size. 

 

For more on stratified sampling refer to Section 5.3.5. 

 

Differences between how and when surveys are carried out might affect the results.  

 

Is one surveyor working at the start of a season, and the other at the end of the season? What if it has 

been an unusually wet season, making some farmers abandon digging even though they intended to 

and will again in future? What if one surveyor speaks the local language, the other works through a 

translator that is hoping for more translation work next season and wants to please the surveyor? 

Perhaps one has worked previously as an auditor for the certification scheme, the other is a locally 

known and respected ‘elder’. Maybe one is male, one is female. The quality of any audit or survey data 

needs to be carefully considered and borne in mind when interpreting and reporting results. 

 

Refer to Section 2.2.2, What really happens in an audit.   

 

The effect of being surveyed on changing behaviour has not been considered.  

 

Perhaps the first time some farmers had heard about no-dig was in the first survey, and adopted it as 

a result of being surveyed, rather than as a result of its inclusion in the revised Sustainable Potato 

Standard. This is a particular challenge when ‘awareness’ is chosen as an indicator for study.  

 
Refer to Section 4.3 Research Design. 
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Asking a leading question.  

 

By including the word ‘sustainable’ in the first survey it may well indicate to some respondents that 

the ‘favoured’ answer will be ‘yes’.  It is also a closed question, “what techniques have you adopted?” 

might be better. 

 

Respondents may say what they think the questioner wants to hear (or sometimes the opposite!), or 

what they what to think the truth is, or what they want to think of themselves. Questioners may hear 

what they want to hear.  

 

This raises the issue of how well auditing reflects reality. Can we assume a positive audit outcome 

always indicates 100% compliance? Alternatively, does this differ with certification scheme, extent of 

self-reporting, certifier, auditor, location, time of year, sampling techniques, etc.?  

 

Refer to Sections 4.3 and 2.2.2 Research design, and What really happens in an audit.  

 

False accuracy. 

 

The figures given for take-up of no-dig for potato-only and potato-plus are too accurate. In fact, there 

are all sorts of problems here. 

 

Figures claimed, such as 27.272% adoption of no-dig by ‘potato-plus’ farmers, convey a misleading 

impression of the accuracy of that figure. Mathematically 27.272% means between 27.2715% and 

27.272499… % 

 

In addition, as we have seen we can only be 95% sure the actual figure for all certified farmers lies 

between 18.34% and 35.66%, yet the stated conclusion does not even mention these confidence 

limits. At best it could say, probably between 18 and 34%.  

 

In addition, as we have seen the sample size for the potato-plus group in the surveys is even smaller 

than for all farmers. Moreover, for them, the best we can credibly say is, with 95% confidence 

‘somewhere between 1% and 53%’.  

 

For more on accuracy and reporting refer to Section 6.5 Reporting. 

 

Both the question and the survey have changed  

 

Designing and using a survey or questionnaire to measure change over time poses particular 

problems. 
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The order and phrasing of a question can have an influence on how it is responded to.  If asking the 

same question again to measure change over time you might argue that this influence will be 

‘cancelled out’ by the comparison, but this assumes that everything else about the survey is identical. 

Simply increasing the size of a questionnaire (or reordering the questions) can have an impact on 

responses. 

 

In our example, removing the word ‘sustainable’ between the first survey to the second will also have 

some influence on how the question is perceived and how it is answered. 

 

The key is to spend time getting a survey right and future-proof first time. A dry-run of a survey is 

always required to highlight any problems. 

 

Refer to Section 4.3 Research design. 

 

Accounting for external influences 

 

For instance, were surveys carried out at the same time of year? Changing the time of year, or even 

the time of day can influence responses to a survey. Respondents may be more or less busy, more or 

less confident, etc. 

 

If input data are influenced in ways that are not fully understood (by extraneous and even unrecorded 

factors such as quality of auditing or time of year), then the potential influence of these factors must 

be noted. (Refer to Section 6.5, Reporting). Outputs must then be considered as informative rather 

than descriptive. And ‘certainty’ or ‘confidence’ in conventional statistical language becomes much 

harder or impossible to specify. 

 

Where there are a small number of known, significant extraneous factors, stratified sampling can be 

helpful (See Section 5.3.5), or a technique known as regression analysis (Section 6.2.5), but with a 

large or unknown number of lesser factors such a technique can rapidly become unmanageable, or 

lead to subsamples that are so small that few or no useful conclusions can be drawn. 

 

Weather may well be the biggest external factor for any agricultural, forestry, or marine management 

process. Harvests may vary by 10, 20, 50% year to year because of weather, as agricultural decisions 

and outputs are hugely dependent on weather. How can the effect of weather (or political change, or 

legal change, exposure to other media, etc., etc.) be disentangled from the effect of certification?   

 

When looking for a small change against a lot of background noise you may need much larger sample 

size than is affordable. In which case, any results should probably be considered informative and 

indicative, and reviewed alongside other qualitative information.   
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3 Mitigation of current problems – 
using mixed methods 

 

This section considers use of a ‘mixed methods’ approach in M&E 

sampling and analysis as a means of overcoming many of the 

deficiencies noted in Section 2. 

  

3.1 The need for mixed methods 

 

The real world is complex. The human behaviours and physical 

environment affecting standards systems and conformity assessment 

are perhaps especially so. Neither a fully quantitative nor a ‘one size 

fits all’ approach is likely to be optimal for monitoring and 

evaluation.  ‘Mixed methods’ is an approach which combines 

qualitative and quantitative methods to facilitate the drawing of 

inferences and conclusions to inform impact evaluations. There is an 

increasing body of theory and practice on mixed methods to which 

this section serves as an introduction.  

 

Statistical techniques are widely recognised as useful to analyse data, 

but the appropriateness of conventional, quantitative statistical 

techniques is dependent on many factors. In many cases challenges 

with the nature, reliability and representativeness of the data, and 

the methods and reliability of data collection make conventional 

statistical analysis inappropriate, or cast substantial doubt on the 

value and validity of the conclusions that might emerge. 

 

3.2 The values of mixed methods 

 

For use in monitoring and evaluation of standards systems, mixed 

methods may be especially valuable where quantitative data have 

weaknesses, or desired data are too expensive to collect or analyse. 

Mixed methods may also help produce a more ‘rounded’ approach to 

monitoring and evaluation, moving on from an approach focused 

solely on measurement and proof, to one that facilitates learning 

about processes and what is effective. 

 

Moreover, when used as a planned technique, mixed methods offers 

much more than just bolstering of weak quantitative data. For 

example, when an initial quantitative survey is used to collect data 

‘Mixed methods’ 
is an approach 
which combines 
qualitative and 
quantitative 
methods to 
facilitate the 
drawing of 
inferences and 
conclusions to 
inform impact 
evaluations. 
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on an indicator, a further qualitative interview can be conducted 

from a sample of the survey participants to explore the reasoning 

behind some of the indicator scores in the survey. In this way, mixed 

methods can be used within a single planned study, to compare 

different studies, or to provide a means of analysis through a multi-

phase study over time.  

 

3.3 The mixed methods approach  

 

The basic concept of mixed methods is the ‘triangulation’ of data 

from different sources. While no single data source - quantitative or 

qualitative - may provide sufficient information on which to base 

decisions, the combination of different sources, each indicative and 

informative, may provide a picture which can be used to facilitate 

decision making or highlight the areas where extra research is 

required before a decision can be made. In other words through 

multiple sources and types of information, mixed methods can 

increase the trustworthiness of conclusions. 

 

So, the use of mixed methods as an approach is centred on the 

combination of both qualitative and quantitative methodological 

approaches to data collection, analysis and interpretation. When 

data sources cannot be fully controlled by the researcher and hence 

monitoring and evaluation of a programme is conducted on an 

uncertain and variable data source, a more flexible research design is 

required. Through mixed methods, contextual influences can be 

evaluated as well as the direct indicators to be monitored. This 

delivers more informed findings, with conclusions that are relevant 

to the contexts within which they have been derived.  

 

Descriptive and explanatory evaluation studies can also help to 

identify causal relationships between indicators, whilst also exploring 

the data to identify additional indirect relationships or influences on 

the performance of the outputs, outcomes and impacts. Mixed 

methods can also be used to integrate information from any external 

data sources that are deemed sufficiently rigorous. 

 

3.3.1 Qualitative and quantitative research  

 

Mixed methods uses a combination of structured quantitative (e.g. 

numerical - change in income of certified farmers) and less structured 

qualitative (e.g. textual – perceived social changes) data. Note that 

quantitative data can be represented as qualitative (e.g. an 

expression such as “an increase in income”, as opposed to a specific 
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financial amount), as well as vice versa with qualitative data being 

expressed as quantitative (e.g. the frequency of a perceived social 

change by different people).  

 

The advantages and disadvantages of different data collection 

methods are summarised over the page, adapted from Neuman5 and 

Bamberger6. Quantitative research can be regarded as being weak in 

exploring contextual influences, whilst qualitative research can be 

regarded as weak due to personal interpretations made by the 

researchers. Therefore using a mixed methods approach allows for 

the combination of such methods to address the relative weaknesses 

and hence deliver more rigorous insights. 

 

                                                           
5 Neuman, W,L. (2011), Social Research Methods Qualitative and Quantitative 

Approaches (7th ed) International Edition, Pearson Education, Boston. 
6 Introduction to Mixed Methods in Impact Evaluation. Produced by InterAction and 

The Rockefeller Foundation. Available at 
http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-
impact-evaluation  

 

http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-impact-evaluation
http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-impact-evaluation
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Table 4: Strengths and weaknesses of different types of data collected for monitoring and evaluation 
 

Data collection 

method 

QUANT or 

QUAL 
Strengths Weaknesses Most suitable for 

Focus groups QUAL 

Natural settings allow people 

to freely express opinions.  

People involved feel 

empowered.  

Opportunity to further 

interpret data gathered via a 

prior quantitative survey.  

A limited number of topics can 

be covered in one session.  

May discourage the 

development of ideas 

(compared with individual 

interviews).  

Medium-term 

outcomes and 

impacts 

Interviews QUAL 

Specific details regarding the 

context surrounding indicators 

can be established.  

Useful both for exploratory 

and explanatory purposes.  

Both open ended and closed 

questions may be used to 

gather data. 

Large amounts of textual data 

may be generated, requiring 

large amounts of time in 

transcription and coding as 

part of the analysis.  

Interviewer may introduce 

personal bias.  

Short- and 

medium-term 

outcomes and 

impacts 

Surveys/ 

questionnaires  

(e.g. mail 

questionnaire/ 

telephone 

interview/ face to 

face structured 

interview/ web 

survey) 

QUANT 

and/or 

QUAL 

Able to target specific details 

of interest in relation to the 

indicators. 

Once designed can be 

relatively cheap to implement.  

A carefully structured survey 

can provide detailed insights 

into the indicators directly, as 

well as indirect factors 

affecting the indicators.  

Poorly structured surveys have 

limited value. Specific research 

questions should be identified 

and tested prior to 

implementation of the survey.  

Response rate if postal/ web 

survey may be limited if 

introduction to the purpose of 

the survey is not conducted 

appropriately.  

Lack of representativeness 

where not all questionnaires 

are returned. 

Influence of external factors 

may be unrecorded or not 

recordable. 

Short- and 

medium-term 

outcomes 

Conformity 

assessment 

processes 

QUANT 

Can provide specific details 

relevant to chosen indicators. 

Should allow for a fully 

representative sample. 

As data is being collected 

anyway, can be a very 

economical way to gather 

data.  

Variation in time of conformity 

assessment, variation 

between auditors, and several 

other factors will influence 

data quality.  

Outputs 

Observations 

(e.g. participant-

observation) 

QUAL 

Allows specific contextual 

insights into the factors 

affecting indicators and the 

influence of standards 

systems.  

Time consuming, requires 

detailed narratives to be 

generated for analysis.  

Short- and 

medium-term 

outcomes 
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Qualitative and quantitative research share many aspects but the 

logic behind the approach taken and the mode of verification are 

likely to differ. Some of the features identified to be characteristic of 

qualitative and quantitative research which might be considered 

when preparing a research design, are listed in the table below, 

adapted from Neuman (as above).  

 

Table 5: Comparison of qualitative versus quantitative research 
 

 
Quantitative (QUANT) Research Qualitative (QUAL) Research 

Research objective 
To test hypotheses stated at the 

beginning of research 

To capture and discover meaning 

from consideration of data 

Concepts 
Distinct, identified variables Themes, generalisations 

Measures 

Indicators determined and 

standardised before data collection 

Created in an ad hoc manner and 

often specific to the individual setting 

or researcher 

Data 

Numbers from precise measurement 
Words and images from documents, 

observations, and transcripts 

Theory 
Largely causal and is deductive. 

Causal or non-causal and often 

inductive. 

Procedures Standardised Case-particular 

Replication Frequent Rare 

Analysis 
Uses statistics, tables, or charts and 

discusses how what they show 

relates to hypotheses.  

Extracts themes or generalisations 

from evidence and organises data to 

present a consistent picture.  

 

3.4 Designing a mixed methods approach 

 

The mixed methods approach can be used in a flexible way to 

respond to the type and extent of data available, as well as the time 

and finances available, and the intended quality of the research to be 

conducted. Mixed methods could be used at the same time 

(‘concurrent’) as conformity assessment data (e.g. a questionnaire 

and face-to-face interviews), or sequentially over a period of time to 

assess development against indicators (e.g. use of a questionnaire at 

the start of a programme, followed by a workshop to discuss 

progress and problems in a participatory approach, followed by a 
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further questionnaire). Concurrent research designs may result in 

complex organisational implications, so sequential designs may be 

easier to manage.  

 

There are a number of approaches for designing mixed method 

research. Creswell and Plano Clark7  have listed six as presented in 

Figure 4Figure 4: The main mixed methods research designs (adapted 

from Creswell and Plano Clark). that shows their distinctive 

characteristics. All may be appropriate or adaptable to different 

ISEAL member contexts, and their features are explained a little 

further in the following Figure 4 and Table 6. 

 

Figure 4: The main mixed methods research designs (adapted from 
Creswell and Plano Clark). 

 
  

                                                           
7
 For more detail refer to Creswell, J.W. and Plano Clark, V.L. (2009), Research Design 

Qualitative, Quantitative, and Mixed Method Approaches (2nd ed), Sage Publications, 
London. 
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Table 6: Characteristics of mixed method designs (adapted from 
Creswell and Plano Clark, 2011: 73) 

 

Mixed method 

design type 
Design purpose/s 

Priority 

of 

QUANT 

/QUAL 

Timing 
Most suitable 

for 

Convergent 

To provide further understanding 

of topic, to validate or 

corroborate 

Equal Concurrent 

Outputs, Short 

and medium-

term outcomes, 

outputs 

Explanatory To explain quantitative results QUANT 
Sequential, 

QUANT first 
Outputs 

Exploratory 
To measure or test qualitative 

findings 
QUAL 

Sequential, 

QUAL first 

Outputs, short-

term outcomes 

Embedded 

To explore or explain a specific 

feature. (e.g. measuring the 

effect of an intervention within a 

case study) 

Either 
Concurrent or 

sequential 

Outputs, short-

term outcomes 

Transformative 
To identify and challenge issues 

(e.g. social injustice) 
Either 

Concurrent or 

sequential 

Medium-term 

Outcomes, 

Impacts 

Multiphase 

To assess a programme objective 

(e.g. program development and 

implementation) 

Equal 
Multiphase 

combination 
Impacts 

 

3.5 Additional benefits of mixed methods 

 

Mixed methods may be particularly valuable in:  

 

a) assessing how the perceptions of those engaged in 

production (or conformity assessment) may influence how 

standards systems are implemented in different contexts 

(e.g. especially through early feedback during 

implementation),  

b) recording processes and outcomes when they are difficult or 

challenging to observe (e.g. socially disapproved activities, or 

with vulnerable groups), 

c) benefitting from information and information sources that 

are less than obvious, and 

d) encouraging acceptability by evaluators who are more 

familiar with qualitative approaches.  
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3.6 Summary 

Table 7 summarises the values of mixed methods to different indicator types that ISEAL members may be using now or in the future.  

 

Table 7: Reference table for Mixed Methods possibilities and values for ISEAL Members’ Monitoring and Evaluation 

Indicator 

type 
Description 

Ease and 

frequency of 

measuremen

t 

Values 

Diversity and 

availability of data 

sources for Mixed 

Methods  

Most likely 

Mixed 

Methods 

approaches 

Possible benefits of Mixed 

Methods approaches 

Outputs 

 

Scheme 

Performance

, Producer 

Performance  

The products, 

capital goods and 

services that result 

directly from the 

activities of a 

standards system. 

Relatively 

readily, and 

amenable to 

annual 

monitoring as 

part of or in 

combination 

with a regular 

assurance 

process. 

E.g. to gauge uptake of 

certification scheme/ 

standard. Indicators can be 

closely attributed to standard 

system. 

Limited. Mostly 

reports from 

conformity 

assessment data. 

Convergent, 

explanatory, 

exploratory, 

embedded. 

To corroborate quantitative data 

that are weak or with low 

statistical confidence;  explore the 

reasons behind indicator scores;  

assess how the perceptions of 

those engaged in production (or 

conformity assessment) influence 

how standards systems are 

implemented in different contexts. 

Short-term 

outcomes 

 

Producer 

Performance

, Social / 

environment

al condition    

The likely or 

achieved short-term 

results from the 

implementation of a 

standards system. 

Likely to be 

annual or 

less, as part 

of separate 

data-

gathering 

processes.  

E.g. to measure 

social/economic/environment

al characteristics of those 

involved in certification 

scheme/standard, or to 

measure changes which are 

closely linked to scheme 

requirements such as water 

quality or soil depth. 

Increasing. May 

include 

questionnaires, and 

surveys. 

Convergent, 

exploratory, 

embedded. 

To corroborate quantitative data 

that are weak or with low 

statistical confidence; explore the 

reasons behind indicator scores; 

identify causal relationships 

between indicators and indirect 

factors affecting the indicators; 

record processes and outcomes 

when they are difficult or 
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Indicators may be reasonably 

readily attributed to a 

standard system. Help 

standard systems benchmark 

performance and gain 

understanding to help adjust 

their intervention theory. 

challenging to observe. 

Medium-

term 

outcomes 

 

Producer 

Performance

, 

Social / 

environment

al condition    

The likely or 

achieved medium-

term results from 

the implementation 

of a standards 

system. 

Likely to be 

less frequent, 

and over a 

longer 

period, as 

part of 

separate 

data-

gathering 

processes. 

E.g. to measure 

social/economic/environment

al context of those involved in 

certification 

scheme/standard. Indicators 

may be difficult to attribute to 

standard system, but can still 

help gain understanding to 

inform theory of change. 

Increasing diversity, 

including 

questionnaires and 

surveys, but may be 

difficulties with 

availability. 

Convergent, 

transformativ

e. 

To corroborate quantitative data 

that are weak or with low 

statistical confidence; explore the 

reasons behind indicator scores; 

identify causal relationships 

between indicators and indirect 

factors affecting the indicators; 

record processes and outcomes 

when they are difficult or 

challenging to observe. 

Impacts 

 

Scheme 

Performance

, Producer 

Performance

,  

Social / 

environment

al condition    

Positive and 

negative long-term 

effects resulting 

from the 

implementation of a 

standards system, 

either directly or 

indirectly, intended 

or unintended. 

Less 

frequently, 

over a long 

period. 

E.g. to provide insight into the 

standard system’s efficacy and 

the validity of its theory of 

change. 

Indicators difficult to attribute 

to standard system. 

Greatest diversity 

(although may be 

difficulties with 

availability), including 

questionnaires, 

surveys, focus groups, 

workshops, 

interviews and in-

depth case studies. 

Convergent, 

transformativ

e, 

multiphase. 

To corroborate quantitative data 

that are weak or with low 

statistical confidence; explore the 

reasons behind indicator scores; 

identify causal relationships; 

identify external influences and 

unexpected/unintended 

consequences; facilitate specific 

contextual insights into factors 

affecting indicators and the 

influence of standards systems. 
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4 Longer term solutions to current 
problems 

 

This section considers how a standards system might change the way 

it operates or has others operate, to improve the quality and 

quantity of monitoring and evaluation data. As a result the 

information arising from data it collects may improve over time to be 

more useful for monitoring and evaluation. 

 

4.1 The challenge of Level 1 audit data 

 

Some of the issues presented in this section are discussed in detail in 

section 2.2. 

 

The use of Level 1 data as a source for M&E analysis presents a 

number of challenges.  Of primary importance is that audit data is 

collected to determine whether or not the client is in conformity 

with the standard system’s requirements and not primarily for M&E.   

 

As a result: 

 Audit Purpose. The audit team has the responsibility to confirm 

that the client has those records and data the client is required 

to collect and keep.  This information is intended to be useful in 

making an audit determination but may not necessarily be useful 

for M&E. 

 Access to Data.  If data generated by the client is retained by the 

audit team it may be used for the purposes of the audit and not 

included in reports and other disclosures to the scheme owner.  

Therefore the data may not be available to the standard owner 

unless disclosure of this information to the scheme owner is 

mandated. 

 

4.1.1 Single and multi-site data 

 

While audits may take place at every single site for 

each audit cycle, the data collected may not 

provide an accurate picture of what is really 

happening. This is due to factors such as the 

following. 



37   ISEAL M&E Guidance Note – Sampling Strategies and Statistical Analysis 
 

 Variation in time of audit. 

 Variation between auditors. 

 Non-conformities for similar issues may be raised against 

differing clauses. 

 Variations in sampling within the audit. 

 Use of differing labels and references by auditors. 

 

4.1.2 Group data 

 

In the case of group audits there are some further considerations 

about how the data is collected and its usefulness for M&E.  These 

include the following. 

 

 Sample size can be very small. 

 Samples are rarely if ever random.  

 Resources constraints may reduce the sample size.  

 Not all clauses may be audited.   

4.2 Creating better audit processes 

 

This section sets out how audit processes might be adjusted to 

ensure that there is more useable, higher quality data available to 

monitoring and evaluation processes.  

 

4.2.1 The difference between conformity assessment 
data and performance data 

From a statistics and sampling perspective, assurance is not 

necessarily the same as monitoring. While audits may take place at 

every single site each audit cycle, the data collected may not provide 

an accurate picture of what is happening.  This is due to factors such 

as those set out in Section 2.2, Quality of audit collected statistics.   

 

 As many standards set requirements for the system which 

produces an output, conformity assessment data often 

refers to the performance of the system, not to the outputs 

themselves.  Often it is the outputs that are of interest in 

M&E activity.  

 Performance data is related to the outputs and outcomes 

that result from the application of the systems. 

 

Unless the requirements placed upon conformity assessment bodies 

and/or auditors are modified to ensure specific performance data is 

collected, conformity assessment data may tell a story of what is 
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being done, but not what the outcomes of those actions are. Further, 

the unit of measurement for each output must be specified, and 

audit sampling techniques and the means of measurement should be 

specified.  (For example, measure water pH by taking a 500ml aliquot 

and using a specified pH meter calibrated by a specified method.) 

 

With group or multisite conformity assessments extra challenges are 

present. Audits conducted by conformity assessment bodies are 

generally at a very low rate of sampling, and may not be random.  

Changing the design of data collection to include performance data is 

more difficult. 

 

It may be tempting to include a requirement that the group’s internal 

management system collects monitoring and evaluation data.  

However this should be done with extreme caution, as the group’s 

manager has a vested interest in demonstrating good performance, 

and significant bias will be introduced in the selection training and 

control of internal auditors – group requirements rarely specifying a 

need for independent internal auditors. The same challenge 

described above on system vs. output data also applies to groups 

with the proviso that for groups it can be more complicated. It is the 

group members that produce the outputs under the systems that are 

maintained by the group.  Standards systems’ requirements for 

group certification normally focus almost entirely on systems 

requirements. 

 

Note that no two assurance processes or any other data gathering 

can ever be carried out under completely identical conditions. 

Standardisation of procedure is important but can only make the 

best of an impossible task.   

 

4.2.2 Re-thinking Level 1 requirements 

 

To address some of the issues identified above and in Section 2.2, 

the points below are intended to assist ISEAL members in rethinking 

how requirements can be redesigned to collect data that better meet 

the needs of M&E.   

 

 Data collection specifications. Standards systems could consider 

the inclusion of specifications on what data is to be collected, 

and how those data are to be collected.  These requirements 

could cover audit teams and applicants/certificate holders.   

 

The need for specifications on data collection is intended to 

address two issues: 

Note that no two 

assurance 

processes or any 

other data 

gathering can 

ever be carried 

out under 

completely 

identical 

conditions. 

Standardisation 

of procedure is 

important but 

can only make 

the best of an 

impossible task.   
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o Data consistency.  To address data consistency, the standard 

system may need to specify the way data is collected or 

recorded, for example by specification of the units of 

measurement and/or by providing a methodology for 

collection. 

 

o Data quality.  For applicants/certificate holders, the 

methods of data collection can include the specific test to be 

applied, how it is applied and recorded.  For audit teams the 

methods may include verification of data quality for 

applicants/certificate holder’s data and specifications on 

how audit data is to be recorded. 

 

 Sampling methodologies.  Standards systems could consider the 

inclusion of requirements on how data is to be sampled.   

 

o For audit teams, this may include specifications on 

which requirements are always to be sampled and what 

sampling methods should be followed, those to be 

sampled randomly and which ones are left to the 

discretion of the auditor. Special care will need to be 

taken to ensure that audit data collected by the audit 

team enables them to verify client conformity, even if 

that means data sampling may not be fully random.   

 

o For applicants / certificate holders this may include 

requirements on how certain tests are performed, which 

tests are used and how results are collected. 

 

 Data recording and reporting specifications.  For audit teams 

and applicants/certificate holders the standard system may 

require specific data recording and reporting specifications.  This 

can include the use of required audit tools and reporting 

templates. 

 

4.2.3 Re-thinking Level 1 data collection 

 

This section looks at the mechanisms for data collection that may be 

compatible with audit procedures (in the case of auditors) and 

management systems (in the case of applicants/certificate holders). 

 

In addition to the points made below, standards systems could 

consider standardising their approaches across schemes. This may 
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include developing requirements for applicants/certificate holders, 

groups, auditor training and competencies, and/or audit tools that 

are used by two or more standards systems.  This approach may be 

most useful for standards systems that apply to the same area, for 

example agriculture or when gathering information on social or 

environmental conditions. 

 

4.2.3.1 The applicants / certificate holder’s management 
systems 

 
 Data collection specifications.  Applicants’/certificate holders’ 

management systems could be required to include specifics on 

how, when, and which sampling methods and tests are to be 

used and how data is to be recorded. 

 

 Data collection tools.  Applicants/certificate holders could be 

required to use specific tools, including forms, checklists and 

online databases that are made available by the scheme owner. 

 

 Staff training.  The procedures could include requirements for 

the training and competency of staff in sampling and data 

collection. 

 

4.2.3.2 Use of audit tools by CABs to standardise data 
collection 

 

Audit tools are the forms, checklists, databases and associated 

documentation used by auditors in the collection of audit evidence.  

In some cases standards systems have specified specific audit tools 

to be used to gather and record audit evidence in such a way that it 

is enables it to be analysed at a site level and evaluated across all the 

recorded audit information. Specific approaches to the design of 

audit tools include the following. 

 

 Online data forms.  These are computer based forms that are 

used by an auditor in the field to record audit evidence.  

Normally data is collected directly from these forms and 

uploaded to a central database.  The CAB would have access to 

all the data it collects for audits but not to any data collected by 

other CABs. 

 

 Templates.  Templates are specifications that lay out how data is 

to be presented.  These can include report templates, specialized 

data collection templates and non-conformity report templates. 
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4.2.4 Re-thinking auditor training requirements 

 
 Auditor training on sampling techniques.  This could include 

both guidance and requirements for the selection and use of 

specific sampling techniques used by auditors and audit team 

members.  These techniques could be defined in such a way that 

Level 1 data become a source for M&E and provide information 

that has a maximum confidence interval and minimum 

confidence level. 

 

 Auditor competency testing.  Training on the use of specified 

sampling techniques should be supported by competency testing 

for auditors to ensure that a minimum level of data quality can 

be achieved in a data set. 

 

4.2.5 Re-thinking group certification requirements, data 
collection and auditor training 

Three steps could be taken to improve group data.   

 

 Audit tools. Having group entities use common audit tools would 

provide a method of standardising data. 

 

 Self-assessments using audit tools.  Certificate holders could be 

required to utilise audit tools that require data inputs as part of 

their annual self-assessments.  

 

 Training and guidance on data collection.  As a component of 

the standard applicants/certificate holders would need to have 

training programs in place for staff on how to collect and record 

data required by the standard. 

 

 Using the CAB to validate data collected.  The CAB could be 

used as a means of validating data collected – to aid judgement 

of its reliability.   

 

4.2.5.1 Use of data collection tools in the Internal 
Management System (IMS). 

 

Group entities are required to evaluate conformity of all group 

members each year; this offers a means to mitigate sampling 

problems associated with the CAB’s verification activities.   
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Group management could be required to use online forms or other 

audit tools which force them into collecting data as part of their IMS, 

although this data may be biased towards conformity. 

 

Training and guidance on data collection could be provided. 

 

4.2.5.2 Training and guidance on data collection.   

 

As a component of the standard applicants/certificate holders would 

need to have training programmes in place for staff on how to collect 

and record data required by the standard.  Training could be 

provided by the standard system owner.  

 

4.2.5.3 Using the CAB to validate data collected.   

 

The CAB could be used as a means of validating data collected – to 

aid judgment of its reliability. To do this, the CAB could be instructed 

to collect the same data as was collected during the internal audits; 

comparison of the results should provide a validation.    

 

4.3 Better research design 

 

This section is most relevant to those with opportunities to refine 

Level 1 data collection, or to capture Level 2 data. It may also be 

valuable when it is possible to dig deeper into existing Level 1 data.  

 

If you have Level 1 data only from existing conformity assessments 

then this section may also be useful to illustrate what may be 

possible in future. 

 

Given the difficulties inherent in using conformity assessment data in 

monitoring and evaluation, whenever opportunities arise to update 

data gathering, or to obtain additional data over and above standard 

conformity assessment, they should be welcomed.  

 

Research design is one of those topics where a day spent planning 

may save several days of implementation.  

 

4.3.1 Why consider research design? 

 

No matter how much effort is expended on statistical analysis, nor 

how complex the techniques used, nor the apparent accuracy of the 



43   ISEAL M&E Guidance Note – Sampling Strategies and Statistical Analysis 
 

results presented, poorly thought-through research will most likely 

lead to results of limited value and/or credibility.   It may well even 

lead to the wrong conclusions. 

 

Well-designed research can significantly improve the cost/benefit 

ratio of research, make data analysis much simpler, and provide 

more comprehensible, more relevant, more useful and more credible 

results.  

 

4.3.2 Good research design techniques 

 

This section discusses some methods to improve research design.  

 

4.3.2.1 Defining the question and choosing your 
indicators 

 

Arguably this is by far the most important part of research design, as 

a question well phrased can be a question half answered.  

 

A cycle of questions needs to be asked (Figure 5): what do we need 

to know, why do we need to know that, so what exactly is it we need 

to know, why do we need to know that? This may at first seem a 

laborious exercise, but the benefits in delivering clear thinking and 

relevant, measurable, insightful indicators can save a great deal of 

time and money. 

 

Figure 5: Defining the questions 

 
 

This process should lead to carefully determined indicators.  Each 

indicator must be relevant, insightful, practicable to measure, and 

have a clearly defined unit of measurement. See section 4.4, ‘Better 

choice of indicators’. Ideally questions will be guided by - and 

What do we need 
to know? 

Why do we need 
to know it? 

So, what is it that 
we need to 

know? 

Why do we need 
to know it? 
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indicators chosen consistent with - a clearly articulated theory of 

change. 

 

As different audiences may well want to know different things, and 

to different levels of certainty, these factors must be built into the 

design.  (Questions such as “who needs to know this?” and “Why do 

they want to know this?” can be added into the cycle of questions.) 

 

Having determined the question to be answered, the next design 

stage is to choose suitable indicators.  Section 4.4 covers this 

process. 

 

4.3.2.2 Baseline data 

 

Research that sets out to monitor and evaluate standards systems or 

conformity assessment processes will want to assess change. To do 

this, a baseline will be required from which to measure that change.  

 

Preparing to gather baseline data should be the next step after 

determining indicators.  

 

If there are seasonal variables in data, gathering baseline data might 

take 12 months. Arguably, if climate has a significant impact on the 

indicator or how accurately it can be measured, then a much longer 

baseline data period is required.  

 

Often there is limited time or budget for baseline data gathering, or 

the project has already started before much thought is given to a 

baseline.  This is unfortunate as it can reduce prospects for drawing 

clear conclusions from research.  

 

In some situations where a baseline needs to be estimated after the 

project’s start, data from a broader population may serve as a proxy 

baseline. This is aided if one can choose a sample from that broader 

population that is as alike as possible to the study group, other than 

their involvement with the standards system. If this approach is to be 

taken, the proxy group that is being used as a baseline needs to be 

studied as soon as possible to minimise the influence of external 

factors that vary with time. 

 

4.3.2.3 Surveys and questionnaires  

 

Surveys and questionnaires – whether part of or alongside a 

conformity assessment process, or completely separate from it, are a 
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commonly used tool for gathering data for monitoring and 

evaluation. Yet, when information is gathered by survey or 

questionnaire, the design of the questions can have a remarkable 

bearing on the validity and usefulness of the answers obtained.  

 

In market research use, in a questionnaire the same question is asked 

to everyone (usually on a printed form) while a survey is a more 

general view, an investigation into opinions or experiences of people.  

As a result, different questions can be asked as it is not so formal.  

 

Questionnaires are better for comparing answers while surveys are 

more useful for getting specific information out of people. However, 

the terms ‘survey’ and ‘questionnaire’ are often used 

interchangeably, and ‘questionnaire’ will be used here to cover all 

circumstances relevant to ISEAL members. Many of the observations 

nonetheless will be as valid for surveys, or any kind of conformity 

assessment. 

 

Good audit design is a critical part of the conformity assessment 

process. Likewise, questionnaire design is one of the hardest and yet 

one of the most important parts of the research process, and there 

are many pitfalls. In both cases an objective is to gather information 

in a standardised way that reduces or removes bias resulting from 

the manner or time that the required information is obtained. 

 

Throughout the process it is necessary to consider the needs of five 

groups of people involved in the process:  

a) the internal or external clients who need the information,  

b) the researcher designing the way the information will be 

obtained,  

c) the interviewer or auditor who will be asking the questions,  

d) the respondent who will be providing information (e.g. will 

they be able to understand the question and be both willing 

and able to answer it?), and  

e) the data processor who will have to turn all the information 

into an analysable format.  

 

The latter group may easily be overlooked, but consideration of how 

data will be analysed at the time of designing a questionnaire will 

generally make things much easier later on.  

 

The seven steps summarised below are an introduction to good 

practice when designing a questionnaire that will be successful and 

cost-effective. The process may seem onerous but it is important to 

realise that once a questionnaire it is finalised and in use with real 
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respondents it should not be changed! This is to ensure 

comparability between respondents and between years. Therefore, 

time invested in getting it right first time is unlikely to be wasted. It is 

not unusual for a good questionnaire to go through many trials and 

iterations before being put into practice.  

 

A particularly good resource for questionnaire design is available as a 

free download in Chapter 8 of the e-book ‘A Practical Guide to 

Market Research’ 

http://www.b2binternational.com/publications/books/practical-

market-research/. 

 

Step 1 – Decide what you want to find out. So far as possible link the 

questionnaire to the chosen indicators. If sufficient 

resources are available, you may also wish to dig deeper, 

perhaps aiming to identify obstacles that have prevented 

sought-for progress.  

Step 2 – Make a draft of the questions. Draft all the questions that 

might be appropriate. Consider the relative merits of 

closed questions (a choice from a predetermined list of 

answers) and open questions (collecting verbatim 

comments), or a mix of the two.  

Step 3 – Determine the phrasing. Develop questions to ensure they 

will make sense to respondents, and will generate the 

correct answers. The following checklist for ‘good 

questions’ (adapted from ‘A Practical Guide To Market 

Research’ (as above) is worth using.  

 

Have you: 

 Made the questions as simple as possible? 

 Made the questions very specific? 

 Avoided jargon or shorthand? 

 Avoided sophisticated or uncommon words? 

 Avoided ambiguous words? 

 Avoided questions with a negative in them? 

 Avoided hypothetical questions? 

 Avoided leading questions?  

 Avoided words which could be misheard? 

 Tackled sensitive questions (e.g. age) by using response 

bands (e.g. 20-29)?   

 Ensured that response bands do not overlap (i.e. so that 

no answers are caught on the cusp of two categories)? 

 Allowed for ‘other’ where necessary as a response in 

fixed-response questions?  

http://www.b2binternational.com/publications/books/practical-market-research/
http://www.b2binternational.com/publications/books/practical-market-research/
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Step 4 – Develop the response format. Consideration of the nature 

of responses is as important as developing the best 

questions. Considering all the potential answers is part of 

getting the questions right. 

Step 5 – Get the order right. The ordering of the questions is 

important for two reasons. It should bring a logical flow to 

the process, but is should also ensure the respondent is 

comfortable with the process. When one answer to a 

question leads to a subsequent question, and a different 

answer to the same question does not, a question ‘tree’ 

will need to be carefully developed to ensure the 

respondent can readily follow their process and ensure 

every appropriate question is arrived at in every 

conceivable circumstance. 

Step 6. Finalise and add instructions. The questionnaire now needs 

to be fully formatted with clear instructions and prompts 

to the interviewer, and an engaging introduction. There 

needs to be enough space to write in answers and the 

response codes need to be well separated from each other 

so there is no danger of circling the wrong one. 

Step 7 – Dry run, revise and dry run again. A final and critical step is 

to test the questionnaire, for (a) its comprehensibility and 

acceptance by likely respondents, (b) the flow of questions 

in different circumstances, and (c) how long each 

questionnaire will take to complete in practice. So far as 

possible dry runs should be in real-world conditions with 

real-world respondents. A revised questionnaire will need 

to be trialled again. 

 

It can also be valuable when testing a questionnaire to go back over 

the questions with a respondent after a trial run and ask for each 

one, “what went through your mind when you were asked this 

question?” 

 

Designing a good interview has to be complemented by good 

interview skills. Where data is being collected during or in parallel 

with a conformity assessment process, one may hope that a properly 

trained auditor will be able to gather high quality information. Yet, 

while both require good listening and questioning skills, auditing 

skills are not necessarily the same as research questionnaire skills.  

 

In addition to the use of questionnaires that are standardised for 

content, day and time of application should also be standardised, 

and recorded. Where data is being gathered at a different time from 

conformity assessment, consideration might need to be given to 
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investing time and budget in hiring and training of a data collection 

team, and developing research protocols for managing external 

researchers. 

 

4.3.2.4 Design for use with Mixed Methods 

 

It may be worth designing research to complement other 

information that is available.  

Refer to Section 3. 

 

4.3.2.5 Sampling and sample sizes 

 

Remember that the size of a sample is determined in part by what 

confidence levels and margins of error are acceptable, and that 

might be different for different audiences. As part of your design 

process consider who needs to know and how confident do they 

need to be.  

 

Sampling is covered in more detail in Section 5, ‘Sampling Techniques 

and Tools’. 

 

4.3.2.6 Minimising external factors 

 

When considering the interactions between a standards system and 

natural resource management or trade, there are likely to be many 

external factors. Seasonal and local variation in weather and other 

environmental conditions will combine with demographic, economic 

and behavioural factors to create background noise. It may be 

difficult - or impossible- to separate out the effects of a variable such 

as involvement in a standards system.  This may lead to many 

plausible explanations for observed changes.  

 

Good research designs should minimise the plausible alternative 

explanations, but accounting for external factors in this context will 

never be easy.   

 

Many external factors will be readily identifiable before data 

gathering begins. For these the best approach is threefold: 

a) Minimise effects so far as possible by trying to control the 

values of external factors (e.g. ensuring all research is carried 

out within the same short time period and with researchers 

trained to a common minimum standard). 
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b) Record the values of external factors to facilitate subsequent 

analysis and possible accounting for their influence. (Refer to 

Sections 6.2.1 and 6.2.5 on Weighting and Regression 

analysis). 

c) If using a sampling technique, try to ensure the values of 

external factors, where known in the parent population are 

similarly represented in a study sample. Where sample sizes 

are large enough, subgroups for which external factors 

clearly differ may be analysed separately, possibly providing 

valuable insight into how such subgroup are responding 

differently to their involvement in a standards system.  

 

If any additional external factors are identified or suspected during 

and after the research (perhaps the influence of political affiliation, 

the time of day questions are asked, or the cultural closeness of 

questioner and respondent), these should be recorded so far as 

possible, always reported, and used to improve future research 

design.  

 

4.4 Better choice of indicators 

 

A question well stated is a question half-answered, so time spent in 

considering and refining the indicators by which change will be 

measured is rarely wasted. As theories of change are developed and 

understanding of mechanisms and impacts improves, opportunities 

to review and improve indicators should be welcomed. Revisions of 

Level 1 data gathering and design of Level 2 research provide good 

opportunities to carefully select good indicators.   

 

Different types of indicators can be chosen for monitoring and 

evaluation, providing different types and qualities of information, 

and for different audiences. Choice of the right indicators can be 

more complicated and important than may first be appreciated.  

 

Indicators are a way to capture data in an understandable and useful 

form.  Indicators are not necessarily a single data point. They can be 

formulated as follows. 

 

 Direct measures or calculations. Basic data or information, 

such as tonnes of contaminant emitted. 

 Relative measures or calculations. Data or information 

compared to or in relation to another parameter (e.g. 

production level, time, location or background condition), 

such as tonnes of contaminant emitted per tonne of product 

A question well 
stated is a 
question half-
answered, so 
time spent in 
considering and 
refining the 
indicators by 
which change 
will be measured 
is rarely wasted. 
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manufactured, or tonnes of contaminant emitted per unit of 

sales turnover. 

 Indexed. Describing data or information converted to units or 

to a form that relates the information to a chosen standard or 

baseline, such as contaminant emissions in the current year 

expressed as a percentage of those emissions in a baseline 

year. 

 Aggregated. Describing data or information of the same type, 

but from different sources, collected and expressed as a 

combined value, such as total tonnes of a given contaminant 

emitted from production of a product in a given year, 

determined by summing emissions from multiple facilities 

producing that product. 

 Weighted. Describing data or information modified by 

applying a factor related to its significance.8 

 

4.4.1 Choosing indicators 

 

Some guidance on choosing indicators is provided in this section of 

the Guide and more comprehensive coverage of this topic will be 

provided in a future ISEAL document.  

 

As set out in Figure 6 every indicator needs to be relevant, insightful, 

practicable, and to have a clearly defined unit of measurement.  

 

Figure 6: Indicators must be insightful, practicable, have a unit of 
measure and be relevant to the standard system's objectives 

 
  

                                                           
8 See, e.g. ISO 14031:1999, Environmental management – Environmental 

performance evaluation – Guidelines, Practical Help Box 2, page 8 

Relevant
Indicators should provide information related to the standard 

system’s objectives.

Insightful

Indicators should be chosen to provide information that answers 
one or more important questions.  Often indicators are chosen as 
data is easy to collect or is already available, rather than for what  

knowledge and insight can be provided. 

Practicable
Indicators must be able to be measured at reasonable cost within 

the timeframes allowed

Unit of 
Measure

Each indicator must have a unit of measure, for example 
kilograms, tonnes, numbers of employees or a ratio of male to 

female workers
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4.4.2 Categories of indicators 

 

There are various ways of categorising indicators.  For example, ISO 

140319 sets out four types of indicators: 

 

a) Management performance indicators – providing 

information about how well management plans to deliver 

environmental performance. 

 

b) Operational performance indicators – providing information 

on how operations delivered on planned activities. 

 

c) Environmental performance indicators – information about 

the environmental performance that may be associated with 

an organisation’s performance. 

 

d) Environmental condition indicators – information about the 

general environmental conditions within a district, country 

or region against which comparisons can be made.   

 

Grouping indicators in this manner can allow a gap analysis to be 

undertaken – did management specify the right activities to be 

undertaken, did operations carry out those activities, and did the 

organisation’s impact on the environment make any difference 

compared to the wider area?  Combining information from the four 

sets of indicators allows more insight than would be possible without 

that grouping. 

 

A rough survey10 shows that there are three broad categories of 

indicators in wide use throughout ISEAL member schemes. These are 

related to: 

 

a) scheme performance,  

 

b) performance of the certified unit(s) e.g. producer, fishery, and  

 

c) social/economic/environmental conditions. 

 

These could be combined with sector performance indicators.  This is 

shown in Figure 7, and discussed in the following sections. 

  

                                                           
9 ISO14031:1999 Environmental management - environmental performance 

evaluation – Guidelines.  ISO 14031 has an excellent section which discusses selection of 
environmental performance indicators in some depth. 

10
 The survey was undertaken during a workshop for this project November 30, 2012. 
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Figure 7: Possible types of scheme indicators for use by ISEAL 
members 

 
 

4.4.2.1 Scheme performance indicators 

 

Scheme performance indicators are related to information on the 

performance of the scheme itself.  These indicators are generally 

measuring Outputs. 

 

If wished, scheme performance indicators could be classified into 

three subsets. 

a) Certification scheme indicators (i.e. related to the existence 

of the standard and conformity assessment activities). 

 

b) Capacity building activity indicators, (i.e. related to support 

activities such as provision of training). 

 

c) Market development indicators (i.e. related to the 

development of demand for certified products. 

 

This breakdown would allow systems to investigate the level of 

impact from each of the two activities, to target future resource 

allocations.  

 

Examples of scheme performance indicators include the following 

a) Number of producers certified. 

 

b) Area of certified production or volume of certified products 

 

c) Number of chain of custody certificates. 

 

d) Time taken to achieve certification. 

 

e) Number of farmers attending training. 

Indicator types 

Scheme performance                              
How well the scheme is performing 

Sector performance                           
How well the sector is performing, so 

comparison can be made between 
the sector and the scheme 

Social / Environmental condition         
How is the scheme changing  social 
and/or environmental conditions? 

Producer performance                   
What changes to producer behaviour 

/ performance are taking place? 
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Data gained from these indicators can provide much more 

knowledge than market uptake and market share.  For instance, this 

data can be used in the following. 

a) Gauging uptake of the certification scheme/standard. 

b) Measuring the effort required to get certified in terms of 

time and cost. 

c) Finding out more about those who have chosen certification. 

Sampling can be used to investigate characteristics of those 

certified, e.g. business size, crops chosen, number of 

employees, or wealth of employees.  

d) By inference finding out more about those who have 

rejected or not yet chosen certification. This may be possible 

where regional or national data on producers’ characteristics 

are available. However, data collection methods and periods 

for such data may be different and caution is necessary in 

drawing any conclusions.  

e) Performance of specific elements in a scheme’s 

requirements.  This could include comparison studies of 

options for specific requirements, or evaluation studies of 

the impacts of new or existing requirements. 

 

Certification scheme indicators may also consider elements of a 

standards system’s own efficiency.  As well as the scheme’s 

effectiveness, it may be valuable to consider the scheme efficiency. 

Could the output (and corresponding outcomes and impacts) be 

achieved at a lower cost?  This could be achieved by selecting 

indicators such as cost/benefit ratio of each scheme’s requirements 

procedures.   

 

4.4.2.2 Producer performance indicators 

 

Producer performance indicators are related to information on 

changes in producer behaviour or practices, and the direct results of 

those changed behaviours or practices.  These are generally short 

term Outcomes, and may be suitable for annual monitoring. 

 

Examples of producer performance indicators include:  

 

a) yield achieved by certified farmers, 

 

b) payments to employees, and  

 

c) CO2 emissions/guest-night.  
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This data can be used in a number of ways: 

a) Measuring direct social, economic and environmental 

characteristics of those involved in the certification 

scheme/standard, e.g. business size, crops chosen, number 

of employees, rates of pay.  

b) Finding out whether those characteristics relate to each 

other.  

c) Investigating to what extent those characteristics and 

changes are attributable to the certification scheme or 

standard.  (See Section 2.3 on Attribution, and 3.3.11 on 

Comparing two groups.) 

 

4.4.2.3 Environmental/economic / social condition 
indicators 

 

Environmental / economic / social condition indicators provide 

information on changes in environmental and/or social parameters. 

These may or may not be attributable to changes in producer 

behaviours or practices, measured under producer performance 

indicators.  Environmental / social condition indicators usually relate 

to medium term Outcomes, and to Impacts. 

 

Examples of environmental / economic / social condition 

performance indicators include the following.  

 Household wealth. 

 Water quality. 

 Biodiversity. 

 

This data can be used in a number of ways: 

a) Measuring changes in the social, economic and 

environmental characteristics of those involved in the 

standard system.  

b) Measuring changes that are closely linked to scheme 

requirements such as water quality, soil depth, populations 

of indicator species, etc. 

c) Investigating to what extent those characteristics and 

changes are attributable to the certification 

scheme/standard.  (See Section 2.4,  Attribution, and 6.1, 

Comparing Two Groups.) 

 

One significant difference between these indicators and producer 

performance indicators is the time over which they are measured – 

generally a longer period.  This may introduce further issues with 

attribution (see Section 2.3), and data may be harder to collect. 
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4.4.2.4 Sector performance indicators 

Sector performance indicators relate to information on the social 

and/or environmental situation locally, regionally, nationally or 

globally.  These indicators provide a point of comparison against 

which to measure certified entities. Technically, they are not a 

different set of indicators; rather they are external data points for 

scheme performance indicators, producer performance indicators 

and social / environmental condition indicators. 

 

Sector performance indicators may be particularly useful in 

determining and providing Control Groups, see Section 6.1.6.   

 

4.4.2.5 Other indicators 

 

ISEAL members should consider whether groups of indicators 

relating to other aspects of their system are required.  Indicators may 

come from sources other than those related to the primary standard.  

These could include indicators relating to: 

 

 operation of a Chain-of-Custody program, 

 logo use and logo licensing, 

 marketing or outreach to support the scheme and any 

associated trademarks, and 

 capacity building or training programs. 
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5 Sampling Techniques and Tools 
 

It is possible to use sampling and statistical techniques with only a 

limited understanding, but there are many mistakes that can be 

made, some of them not at all obvious. An advanced mathematical 

ability is not necessary (there are plenty of look-up tables and online 

calculators available), but a grasp of some basic concepts is valuable 

to make sure you use the right techniques.  

 

This section will briefly introduce statistical ideas of averages, 

variability and distribution, before moving on to sampling techniques 

and finally statistical tests for comparing two groups. 

 

Many common statistical texts assume laboratory conditions and 

‘normal’ distributions. The real world ISEAL members inhabit is very 

different, so this section particularly considers techniques that are 

applicable to uncertain, partial or unrepresentative data sets and 

how they may be strengthened through combination with other data 

sources. 

 

One of the objectives of this section (and the next section) is to equip 

readers with enough knowledge to be able to brief a consultant 

employed to carry out survey work, and or to understand what the 

consultant is saying.   

 

5.1 Introduction to Statistics 

 

5.1.1 The difference between data and statistics 

 

Data is just a lot of measurements. Statistics can make sense of 

them, and present them briefly and accurately.  

 

Statistics can be divided into two types: descriptive statistics that 

shed light on a situation, and ‘inferential’ statistics that can go way 

beyond being simply descriptive. Inferential statistics are used in 

arriving at conclusions and can provide insight and facilitate decision 

making. Both can be of use to standards systems. 

 

Descriptive statistics. The two most basic components of descriptive 

statistics are averages and variation. These allow us to see what is 

typical and how diverse things are. Averages are generally well 

understood, although there are different types it is worth knowing 
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about, which will be described below.  Variation can be a little harder 

to grasp, and will also be described below. 

 

Inferential statistics. Used intelligently, inferential statistics are a 

very powerful tool for monitoring and evaluation.  This branch of 

statistics is generally about comparing different groups. For instance, 

you might be comparing a group that has been through an assurance 

process with a control group that has not. Alternatively, it could be 

that you are comparing a subset of the first group whose assurance 

process was in one season, with those whose assurance process was 

during a different season. Variability within a group is also important 

here, although it is not always immediately apparent.  

 

5.1.2 Averages 

 

There are three kinds of average in common use: mean, median and 

mode. The mean (familiar to everyone as all values added up, divided 

by the total number of values) is perhaps the most frequently used. 

The median (the yield you see if all values are lined up in order and 

the middle one selected) and the mode (the most frequently 

occurring value) also have a use. The following example show how 

each type of average has a value and perhaps an appropriate time to 

use. 

 

Imagine there are eleven potato farmers in a group, with the 

following yields per hectare. 

 

Table 8: Example yield per hectare 
 

Farmer Yield Farmer Yield Farmer Yield Farmer Yield 

1 
0

.0 
4 

1

0.0 
7 

0

.0 
10 

1

1.0 

2 
0

.0 
5 

1

1.0 
8 

0

.0 
11 

2

2.0 

3 
0

.0 
6 

1

1.0 
9 

1

.0 

 
 

 

For the group in Table 6 the mean yield is 6.0 tonnes, the median is 

1.0 tonne, and the mode is 0.0. Each of these describes something 

about how the farmers are doing, but each also misses some of the 

picture. The mean for instance tells us it has been a poor year overall 

but does not tell us that some farmers may now be destitute, nor 

that one farmer has somehow bucked the trend. The median and 

mode both give us a better picture that many farmers’ yields have 
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been very bad indeed. Again neither the median nor mode highlight 

that there is one farmer who has done well and who may have an 

idea that could save the rest of the group in the future.  

 

5.1.3 The importance of ‘distribution’ – is it normal or 
not? 

 

Knowing the ‘distribution’ of data allows you to determine which 

statistical tests can be used, and is thus important to understand. So 

what in statistical context is a ‘normal’ distribution? 

 

A ‘normal’ distribution, also known as a ‘bell-shaped’ curve peaks at 

its central value and is symmetrically distributed either side of the 

central value.  The x-axis shows the value of being measured, and the 

y-axis the number of times, or frequency that value is found in a 

sample or in a population. 

 

 
 

Non-normal distributions, such as the one shown below do not 
have these characteristics.  
 

Figure 8: Normal and non-normal distributions 
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The exact shape of a normal distribution is dependent on both the 

population mean (sometimes represented as ‘μ’) and the 
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mean. A wide normal distribution is indicative of observations that 

are more widely spread around the mean.   

 

You can produce a graph of your data to see if it produces a normal 

distribution or not. Further tests to determine if the distribution is 

“normal’ or not are discussed in Section 6.2.6, Distribution of data. 

Sections 6.3.1 and 6.3.2 discuss how to analyse normal and ‘non-

normal’ data respectively.  

 

5.1.3.1 Variability 

 

Consider the following example (Table 7) that compares average 

potato yields between two groups of farmers.  

 

Table 9: Example average potato yields 
 

Group 

Average potato 

yield, tonnes 

per hectare 

Farmers who have been through an assurance 

process 

11 

Farmers who have not been through an assurance 

process 

9 

 

Can we infer from the data in the second column that the two groups 

are different? At first sight it might seem so. However, the answer 

actually depends on the groups’ size and variability, as Tables 8 and 9 

illustrate, both producing the data in the example above.  

 

Table 10: Example on variability - case 1 
 

Group 
Number in 

group 

Range of 

yields 

Average 

potato yield, 

tonnes per 

hectare 

Farmers who have 

been through an 

assurance process 

2 0-22 11 

Farmers who have not 

been through an 

assurance process 

3 0-27 9 

 

In this case there were only two farmers in the first group, one had a 

total crop failure, and the other achieved 22 tonnes/hectare. In the 
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second group two farmers suffered total crop failure, the third 

achieving 27 tonnes/hectare. Attributing the difference in average 

yields to the standards system would not be at all justified here. 

 

Table 11: Example on variability - case 2 
 

Group 
Number in 

group 

Range of 

yields 

Average 

potato yield, 

tonnes per 

hectare 

Farmers who have 

been through an 

assurance process 

1,000 10-12 11 

Farmers who have not 

been through an 

assurance process 

1,000 8-10 9 

 

In this second case the numbers in the groups are very much larger, 

which will make the results more statistically significant. But the 

relative consistency within each group also gives confidence that the 

difference in average yields is connected to the assurance process. 

Here, a fairly simple statistical technique would show us that there is 

a good correlation between the yield and whether the farmers have 

been through an assurance process. 

 

5.1.3.2 Standard deviation 

 

Standard deviation is a particular measure of variability within a 

group, and is a commonly used concept in statistics, especially when 

comparing groups. Standard deviation is often represented as ‘σ’ or 

‘sigma’, and the larger the standard deviation, the greater the 

variability within a group.  

 

Figure 9: Normal Distribution 
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Microsoft Excel has a built in facility to calculate standard deviation. 

Alternatively, entering ‘standard deviation calculator’ into a search 

engine will lead you to easy-to-use online tools.  

 

If you want to know what these calculators are doing, or you want to 

calculate standard deviation yourself the process is as below, but 

understanding this is not essential. 

a) Work out the mean of all the data points. 

b) For each data point, work out its difference from the mean. 

c) Work out the square of each difference. 

d) Work out the mean of all these squared figures11. 

e) Work out the square root of that mean, and you have the 

standard deviation.    

 

5.1.3.3 Using standard deviation to calculate 
probabilities 

 

When the ‘y’ axis (or vertical axis) is rescaled from the number of 

observations of each variable by dividing the raw values (i.e. number 

of observations) by the total number of observations, it becomes a 

probability distribution (also known as probability density). Then the 

total area under the curve is equivalent to 100% of the population.  

 

Figure 10 : Proportion of the population within each standard 

deviation (Source: Wikipedia) 

 

 

One of the properties of a normal probability distribution is that 

68.26% of the population will always be within one standard 

deviation of the mean, and approximately 95% within two standard 

deviations – shown in Figure 10. In the figure σ (or ‘sigma’) is used for 

standard deviation and ‘μ’ is used for mean. Note that these figures 

                                                           
11

 When calculating the standard deviation of a sample rather than a whole 

population, the process is very slightly different, the ‘mean’ being derived by dividing by 
one less than the total number of squared figures. 
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are only true for a normal distribution, which may not be the case 

with your data.  

 

Probabilities of 0.95 (equivalent to ±1.96σ) and 0.99 (equivalent to 

±2.58σ) are commonly used to identify the significance of 

observations made within a sample. This distribution is particularly 

useful when using a risk based approach to assurance – any member 

of the population that is say three or more standard deviations from 

the mean is unusual and should be investigated. 

 

The values of ‘μ’ and ‘σ’ for a population are not necessarily known 

but can be estimated from a sample of a population. 

 

5.2 Sampling 

 

5.2.1 The benefits and perils of sampling 

 

It may well be impractical or financially impossible to obtain desired 

data from every single entity involved in conformity assessment, and 

even more so for a control population. Sampling, correctly applied, 

can be a very useful and economic tool for monitoring and 

evaluation. In statistical terms, a sample is taken from a ‘population’ 

or ‘parent population’. This does not necessarily mean a population 

of people, but is any group of numbers, objects or events from which 

a sample can be taken.  

 

Sampling has two main uses, which will be considered below: 

drawing inferences about a population, and comparing two groups.  

 

5.2.2 Drawing inferences about a population from a 
sample 

 

A sample is very rarely, if ever, a perfect representation of its parent 

population, so conclusions based on samples can never be absolutely 

certain. It is important to remember that all results from samples 

need to be treated with caution. However, statistics may be able to 

give you a percentage confidence in the conclusions. 

 

When sampling we often need to bear in mind chance factors. 

Especially with random sampling, (see Section 5.3.1) sometimes your 

sample will end up not being representative, simply by chance. For 

example, it is possible to roll a die three times and get the same 
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number three times. It is not very likely but it can – and will – 

happen, on roughly 3% of occasions.  It doesn’t mean that the die 

only has that number on it, but bear in mind that statistically one 

could conclude with 97% confidence from this experience that the 

die only had one number.  

 

5.2.3 How big a sample do you need? 

 

There is no set percentage that works for all circumstances, so the 

answer is “it depends”.  

 

Certainly the bigger the random sample the more confidence you can 

have, but as the table below shows, the relationship between sample 

size and confidence can be a surprising one. This has implications for 

cost/benefit considerations of increasing the size of a sample. 

 

Table 12: Sample sizes at given confidence levels and population 
sizes 

 

An example is highlighted in Table 12.  With a population 2,000 in 

size, a sample size of 154 is required to give 99% confidence that the 

sample’s average (plus or minus 10%), is the same as the 

population’s average.  In other words, if the average of 154 (normally 

distributed) random samples of, say, a sustainability score was 

calculated as 5.0, then you would be able to conclude with 99% 

Sample size required 

 95% Confidence 99% Confidence 

 Margin of error Margin of error 

Population 

Size 

+/-       

25% 

+/-

10% 

+/- 

5% 

+/- 

1% 

+/- 

25% 

+/- 

10% 

+/- 

5% 

+/- 

1% 

10 6 9 10 10 7 9 10 10 

20 9 17 19 20 12 18 19 20 

50 12 33 44 50 18 39 47 50 

100 13 49 80 99 21 63 87 99 

200 14 65 132 196 24 91 154 198 

500 15 81 217 475 25 125 285 485 

1,000 15 88 278 906 26 143 399 943 

2,000 15 92 322 1,655 26 154 498 1,785 

5,000 15 94 357 3,288 26 161 586 3,842 

10,000 15 95 370 4,899 27 164 622 6,239 

20,000 15 96 377 6,489 27 165 644 9,084 

50,000 15 96 381 8,056 27 166 655 12,455 
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confidence that the average sustainability score for the whole 

population lies between 4.5 and 5.5. 

Table 12 is provided as a guide to how population size, acceptable 

margin of error and confidence level affect required sample size. 

Required sample sizes for other combinations can be obtained 

through a simple online calculator such a provided at 

http://www.surveysystem.com/sscalc.htm. 

 

As can be seen from Table 13, the margin of error you are willing to 

accept has a considerable bearing on the sample size required. Using 

the highlighted example, if you are prepared to accept +/- 10% 

accuracy then a sample size of just 154 from a population of 2,000 is 

needed to give 99% confidence in the result. If you want +/-5% 

accuracy then a sample of 498 is needed. In this case to halve the 

margin of error, the required sample size is thus nearly 20 times as 

great. However, if you were happy with +/- 25% accuracy you would 

only need a sample of 26! This can have a considerable bearing on 

research design, especially when considering the cost of additional 

samples.  

 

Table 13: Effect of larger sample sizes on the margin of error 
 

Influence of sample size on margin of error. 

Population size 2,000, 99% confidence 

Sample size Margin of error, +/-% 

25 26 

50 18 

75 15 

100 13 

125 11 

150 10 

175 9 

200 9 

225 8 

 

Another way of looking at this is to consider the relative benefits of 

increments in sample size. 

If we consider the same example, (a sample size of 2,000 and a wish 

to be 99% confident in the margin of error) shows that each 

increment of 25 in sample size results in diminishing improvement in 

accuracy.  This leads back to the key question of “how accurate do 

you want or need the results to be?”  

 

One way to think about the required margin of error is to think about 

what you are measuring, or hoping to demonstrate.  If you want to 

http://www.surveysystem.com/sscalc.htm
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show your standards system has increased production by say 10%, a 

margin of error of 15% may not be a bog help! 

Of course, the resources you have available will have a bearing on 

how random you can make your sample, how confident you may be 

in the answer and how much margin of error you will have to accept. 

 

A sample may also become too small to provide high levels of 

accuracy.  As a general rule samples, or sub samples of less than 30 

become less reliable.  (The reason for this is that sample data no 

longer approximate a normal distribution12.  There are ways of 

addressing this in the analysis (see Section 6.3.2, Tests for comparing 

non-normal distributions), but if accuracy is a requirement, try to 

keep samples sizes above 30.  

 

A 95% confidence level in knowing the margin of error is commonly 

used.  Unfortunately, there is no simple answer for what an 

acceptable margin of error is.  The answer will always depend on the 

context. For example a situation involving issues which impact on 

human health may require a lower margin of error than an issue 

related to farming’s impact on landscape values.   

 

Group certification often works on the basis that the conformity 

assessment body checks a sample of the square root of the number 

of group members. There is limited statistical validity for using the 

square root, or any standard percentage, as way of calculating an 

adequate sample size.  Table 14 shows the margin of error (at the 

95% confidence level) for square root size samples different groups.  

The errors can be large. 

 

Table 14: Margin of error for group certification audits using square 
root rule 

 

Group size Sample size Margin of error 

50 8 32.1% 

100 10 29.5% 

500 25 19.1% 

1,000 33 16.8% 

5,000 71 11.5% 

 

5.2.4 Assumptions 

 

All the sample sizes quoted above are based on three assumptions. 

                                                           
12 See http://ci.columbia.edu/ci/premba_test/c0331/s7/s7_4.html for a reasonably 

intelligible explanation. 

http://ci.columbia.edu/ci/premba_test/c0331/s7/s7_4.html
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a) The parent population has a ‘normal’ distribution (see 

Section 5.1.3, The importance of distribution – normal or 

not?). 

b) There is no bias in the sampling, in other words a perfectly 

random sample. (see Section 5.3.1, Random Sampling).  

c) The sample has ‘50%’ variability (see 5.2.4.1 below).  

 

5.2.4.1 Sample variability  

 

The accuracy (confidence level and margin of error) with which a 

sample represents the parent population also depends on the 

percentage of your sample that provides a particular answer.  

 

If 99% of your sample said "Yes" and 1% said "No," the chances of 

this being badly unrepresentative of the whole population are 

remote, irrespective of sample size. However, if the percentages are 

51% and 49% the chances of error are much greater.  

 

However, when determining the sample size needed for a given level 

of accuracy you cannot know the answers in advance. Therefore the 

sample sizes given in the tables above use the worst case scenario 

(50%) and this is the default value used in most comparable 

published tables. To determine the confidence interval for a specific 

answer your sample has already given, you could use the percentage 

providing that answer as this will result in a higher confidence level 

and/or reduce margin of error. Online calculators such as the second 

box at http://www.surveysystem.com/sscalc.htm can be used. 

 

5.2.4.2 Non-representative samples 

 

It is often very difficult to obtain a truly representative sample. 

Indeed, more or less ‘self-selecting’ samples are commonplace. The 

inherent bias in responses to a postal survey that asks ‘Do you like 

questionnaires?’ may not take much deduction, but sometimes the 

bias can be much harder to spot. 

 

As all samples are of ‘respondents’; we need always to ask “what is 

known of non-respondents?” For ISEAL members, are we perhaps 

just measuring the impacts or activities or awareness of compliant 

entities? What of non-compliant entities (for example those who 

have outstanding non-conformities)? Or what of formerly-compliant 

entities (for example those who do not continue with certification)? 

What of those never involved in the survey, or selected but not 

contactable or not responding? 

http://www.surveysystem.com/sscalc.htm
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The best approach is as follows. 

a) Be aware of the possibilities of a sample being non-

representative. 

b) Avoid non-representative samples whenever possible. 

c) Report all findings appropriately, referring to any known or 

likely non-representativeness of a sample. 

d) Draw conclusions conservatively. 

 

5.3 Sampling techniques 

 

As described above, choice of sample size should be influenced by 

the following. 

a) How confident you want to be in the answer. 

b) How much margin of error you are happy to tolerate. 

c) Variation with the parent population. 

d) Variability within the sample. 

 

But if you have determined the size of sample you need, how do you 

choose the actual entities to be in your sample? 

 

Two of the most commonly practised sampling techniques are 

random and stratified sampling.  Within these there may also be 

point, line or area methods to choose from. 

 

5.3.1 Simple random sampling (SRS) 

 

The commonest way to draw a sample is to randomly choose among 

the population. The aim of random13 sampling is to obtain a sample 

that is representative of the larger parent population, with every 

member of the population having a known, equal chance of being 

sampled.  It is potentially the least biased of sampling techniques as 

each member of the population has an even chance of being 

selected.   

 

Selecting the samples can be done using random number table, using 

an online random number generator such as 

http://www.random.org, or a programme such as Microsoft Excel 

which has a function for producing a random number in each cell14.   

                                                           
13 In this context random means ‘chosen without conscious decision’ 
14 Excel’s formula is =RAND().  This gives a random number between 0 and 1 – to get 

larger numbers multiply by the number in the population to be sampled. 

http://www.random.org/
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Random sampling can be applied not just to lists of entities but used 

to select samples in a given area, as the following examples briefly 

describe.  

 

Table 15: Advantages and disadvantages of simple random 
sampling (SRS) 

 

Advantages Disadvantages 

1. It is the simplest technique 

2. All that is needed is a list of 

items to be sampled, or the 

area to be sampled 

1. If there is more information 

available about the 

population (for example to 

allow stratification, see 

Section 5.3.5), random 

sampling ignores this.   

2. It can result in additional 

survey expense as issues like 

access and geographical 

spread are ignored. 

3. Randomness (especially in 

smaller sample sizes) may not 

result in a good 

representation of the 

population. 

 

Figure 11 shows a random sample of a population of 100, with 12 

samples selected using Excel’s =RAND() function.  In this case none of 

the entities between 48 and 81 have been selected.  

 

Figure 11: SRS of a population of 100, sample size 12, using =RAND() 
function.   

 

          

          

          

          

          

          

          

          

          

           

One problem that may be encountered with random sampling is if 

the same sample is selected twice.  For example, it is possible for two 
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or more random numbers to be the same. There are two 

approaches: the first is to remove each selected sample from the 

remaining population so it cannot be selected a second time 

(sampling without replacement), the second to allow the duplicate 

sample to be tested/surveyed twice (sampling with replacement).  In 

practice, most testing is sampling without replacement. 

 

5.3.2 Random point sampling 

Random point sampling is carried out by placing a grid over a map of 

the area wishing to be sampled.  Using randomly selected co-

ordinates or grid references for the area, samples are then taken as 

close as possible to these points. This could, for example, be used for 

conducting soil analysis, or selecting producers across a large area. 

 

5.3.3 Random line sampling 

Line sampling is achieved by randomly selecting pairs of co-

ordinates, or grid references that are then marked on a map of the 

study area.  These co-ordinates are then joined to form a line where 

the sampling is to take place. 

 

5.3.4 Random area sampling 

Using randomly selected co-ordinates or grid references these are 

taken to represent the bottom left corner of an agreed sized quadrat 

or grid square.  These squares represent the area to be sampled 

within the study area. 

 

Figure 12: Examples of random point, random line and random area 
sampling.  In each case 12 entities are selected from a population of 
100. 

 

 
  

Random point

Random line

Random area
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5.3.5 Stratified and systematic sampling 

 

To make a sample more representative it is possible to use 

information about the whole population in a more systematic way. 

For instance you might choose to make your sample match the 

percentages of different age groups or crop types in the population. 

This can also help provide information on how different subsets of a 

population respond differently. Stratified and systematic sampling 

both improve the potential to evenly spread the samples across the 

whole population being studied.   

 

The process for stratified sampling is relatively straightforward – 

divide the whole population into distinct groups (e.g. by location, age 

bracket, gender), then select a number of samples (generally 

randomly) within each stratum proportional to its size. If a stratum is 

so small that the proportional sample size would be less than one it is 

conventional to take a sample of one from that stratum. However, 

such a situation would be an indication that the stratification 

groupings should be reconsidered.   

 

It is important to keep the stratification categories consistent over 

time and with consistent percentages unless you are prepared for 

some very complex mathematics! Also remember if you are using 

stratified sampling to study the difference between strata, then the 

more the strata the smaller the individual sample sizes you will have. 

 

5.3.5.1 Stratified Sampling  

 

Stratified sampling can have two benefits: it can improve the 

representativeness of a sample (for little extra cost), and it can 

facilitate comparisons between subgroups. Where samples are the 

same size, a stratified random sample can provide greater precision 

than a simple random sample. Because of the greater precision of a 

stratified random sample, it may be possible to use a smaller sample, 

saving time and money.  How much smaller a sample is required 

depends on a number of factors, and the formula for calculating 

sample size is beyond the scope of this guide. It can be found online, 

and this is one of the situations where guidance from a professional 

statistician would be a reasonable and cost-effective step. 

 

Various techniques exist for stratified sampling. A good statistics 

book will explain their advantages and disadvantages. The following 

section provides a summary. 
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With stratified sampling, sub-groups (‘strata’) of known size are 

created within the parent population before sampling begins.  The 

strata are usually made up of different proportions of the overall 

total.  Each element of the population is assigned to only one 

stratum15.  Ideally there should be no more than six strata as 

organising and analysing the results can become complex.  Examples 

could be religion, gender or crop varieties being grown.  It is 

important when selecting the subject matter of the strata that they 

do not overlap.  Overlapping will result in some entities having a 

higher chance of being selected. Taking time at the planning stage 

will help to ensure useful data is collated and the results are 

proportional and representative of the whole.  

 

If stratified sampling is used to improve the representativeness of a 

sample of a whole population (all strata included, no overlaps or 

gaps), then conclusions may still generally only be drawn about the 

whole population, as the number of individuals from within smaller 

strata is likely to be insufficient to draw conclusions about those 

specific strata. 

 

Obviously, to be able to stratify a population one needs to know a 

significant amount about the population as a whole.   

 

For example, if a parent population is a group of 200 potato farmers, 

400 turnip farmers and 400 carrot farmers, then the relative size of 

potato : turnip : carrot farmers in a sample should be 1:2:2.  If 100 

samples were to be taken, 20 should be of potato farmers, 40 of 

turnip farmers and 40 of carrot farmers.  Within each crop the 

samples taken should be taken randomly or systematically.   

 

Likewise subgroups can be selected based on more than one 

variable. In the following example, the percentages in the table 

should be matched in the stratified sample taken. Notice how the 

more criteria used the smaller the sample size for each subgroup is 

likely to become, and thus the greater margin of error that is likely to 

result. If the overall sample size of 100 is retained, the stratified 

sample sizes for female potato and female turnip farmers has 

become as low as five. At this level, the possibility for error becomes 

considerable. 

  

                                                           
15 Singular of strata. 
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Table 16: Subgroups 
 

Crop 

grown/Gender 
Number (%) of 

male farmers 

Number (%) of 

female 

farmers 

Total 

Potato 150 (15%) 50 (5%) 200 

Turnip 350 (35%) 50 (5%) 400 

Carrot 300 (30%)  100 (10%) 400 

Total 800  200 1000 

 

The strata chosen may together comprise the whole population, or a 

part of it.  

 

Sometimes it may be difficult to assign an entity to just one stratum. 

In this case there are two options. You may either record and report 

how these cases are dealt with, or exclude such cases from the study, 

again recording and reporting when and how often this has been 

necessary. Better still to define strata carefully to avoid this problem.  

 

It is essential that the proportions of the sub-groups are accurate so 

that they generate results that represent the whole parent 

population.   

 

Stratified sampling could be said to be a way of ‘normalising’ or 

‘weighting’ a sample to ensure the sample is more representative of 

the overall population. The advantages and disadvantages of 

stratified sampling are set out in Table 17. 

 

Table 17: Advantages and disadvantages of sample stratification 
 

Advantages Disadvantages 

1. It can be used with other techniques 

such as random, systematic, line, area 

and point sampling. 

2. It can give more a more accurate picture 

of the entire population using a smaller 

sample. 

3. It may be easier to administer, and could 

offer lower cost. 

4. All strata will be sampled, whereas in 

random sampling some strata may be 

missed. 

5. It allows comparison between strata. 

1. Before stratifying a population, you need 

to know a reasonable amount about the 

characteristics of the population. 

2. Some population characteristics  may 

overlap, making stratification difficult. 

3. If the stratification is performed on one set 

of variables (e.g. membership of a group of 

farmers), it may be difficult to correlate 

results from other variables (e.g. 

household wealth). 

4. Analysis will be more complex than using 

just one set of random samples. 
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Figure 13 is an example of a population of 100 stratified into four 

unequal strata, with fifteen samples – drawn roughly in proportion 

from each stratum – each sample being chosen at random using 

Excel’s =RAND() function. 

 

Figure 13: Example of stratification. 
 

                    

        

 

          

                    

                    

                    

                    

                    

                    

                    

                    

 

5.3.5.2 Systematic sampling 

 

With simple random sampling (whether from the whole population 

or from within one or more strata) the samples may miss, quite by 

chance, certain sectors of the whole population, or may pick subjects 

in clusters. In other words it is possible, although unlikely, for a 

random sample quite by chance to provide an unrepresentative 

sample. Systematic sampling can get around this problem.  

 

In systematic sampling samples are chosen from the population at 

regular intervals.  Systematic sampling is a straightforward, simple 

process that can be done manually.  It may be useful when the 

parent population is spread over a large area and not evenly 

distributed, allowing a better coverage of the study area compared 

to simple random sampling. 

 

Systematic sampling takes the known population or stratum, and 

then samples using a systematic approach, for example every 20th 

person, 10th household, or 5th farm.  For example If you want a 

systematic sample of 100 from a population of 1,000 you would 

chose a starting point at random  between the 1st and 10th members 

and then sample every 10th member.  

 

If population and sample sizes are large enough it is possible to 

combine stratified and systematic sampling. Once a stratum has 

been selected a systematic approach could be used to sample within 
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that stratum. Remembering the number sampled within each 

stratum should still be proportional in relation to the overall size of 

the parent population. 

 

For example, consider our parent population of 200 potato farmers, 

400 turnip farmers and 400 carrot growers.  To take these samples 

systematically for the potato farmers we divide the total number 

potato farmers (200) by the number of samples required (20) 

meaning every 10th farmer is sampled.  Using a list of the farmers 

the first sample is selected randomly (between 0-10) to avoid bias 

and then every 10th farmer from there on. Likewise, the same 

procedure is used to select the 40 turnip and 40 carrot farmers for 

our stratified, systematic sample. 

 

5.3.5.3 Cluster sampling  

 

If there are natural groups of producers that are easier to sample, for 

instance geographically, then a sample of whole groups can be taken.   

This is known as ‘cluster sampling’ and can reduce research costs, 

and can overcome situations where it is impractical to sample 

individuals – for example when undertaking household surveys.  

 

Cluster sampling involves grouping the population into clusters, then 

selecting a sample of clusters and surveying all members of that 

cluster.   

 

A drawback of cluster sampling is the sample’s possible non-

representativeness of the entire population.  For example, if a 

population of 1,000 farmers has 20 farmers groups, and 3 groups 

each of 50 farmers are chosen as a sample, obviously 17 groups of 

farmers will not be sampled.  Are the three groups selected for 

sampling truly representative of all 20 groups? 

 

Figure 14 is an example of cluster sampling.  A population 0f 100 is 

divided into 12 groups, and three groups are selected for a 100% 

sample – a total of 27 individual samples. 

 

 

 

 

 

 

  

Cluster sampling 

involves grouping 

the population 

into clusters, 

then selecting a 

sample of 

clusters and 

surveying all 

members of that 

cluster.   
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Figure 14: Example of cluster sampling. 

 

                    

  

 

    

  

        

  

 

          

  

  

                    

                    

            

   

  

        

 

          

                    

  

 

                

                    

 

The lack of representativeness of such a sampling technique is 

evident, and may result in large, but unknown errors if conclusions 

about the whole population are drawn from such samples. 

 

Table 18 sets out the pros and cons of using cluster sampling.   

 

Table 18: Advantages and disadvantages of cluster sampling 
 

Advantages Disadvantages 

1. It can reduce the cost of data 

collection – samples can be 

geographically close.  

2. It makes sense for naturally 

clustered populations such as 

households and groups.  if you 

cannot list the entire population 

for simple random sampling 

cluster sampling can overcome 

this.  

3. You can find out about the 

individuals within the cluster, and 

about the clusters themselves.   

1. Analysis may be more complex 

than simple random sampling. 

2. If there are differences between 

clusters, the results may not be 

representative.  This is particularly 

true where the populations within 

a cluster are similar.  For example, 

in a situation where in ten villages 

each of the families living in the 

village do things in similar ways, 

but there are large differences in 

behaviours between villages.  

3. You may not know how many 

people there are in each cluster 

before you start.  

 

Multistage sampling is an extension of cluster sampling – a set of 

clusters may be selected, and if the size of the cluster is large and 

relatively homogenous, a representative sample may be taken of a 

cluster to enable estimation of the characteristics of the whole 

cluster. 
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5.3.5.4 Probability-proportional-to-size sampling 

 

Where we know that a characteristic is related to a variable such as 

size, we can use ‘probability-proportional-to-size’ (PPS) sampling 

where selection probability is proportional to size. For example size 

may be the area managed by each farmer, or the size of a farmer 

group. Using PPS sampling may increase accuracy and efficiency by 

concentrating samples on the larger operations or groups.  We can 

combine PPS and systematic sampling.   

 

For example, using a hypothetical set of groups we can allocate all 

producers a number from one to the total number of all producers 

across all the groups. The total sample size (in this example 10) of 

random numbers are then generated between 1 and the total 

number of producers, and allocated accordingly to the groups as 

shown in Table 19 below.  

 

Table 19: Example of PPS sampling 
 

Group 
Number of producers 

in the group 

Allocated 

numbers 

Example of random 

numbers generated 

Number sampled per 

group with this example 

1 400 1-400 120, 170, 184, 260 4 

2 300 401-700 405, 526, 531, 642 4 

3 200 701-900  0 

4 100 901-1000 913 1 

Totals 1,000   10 

 

In a second example, instead of selecting a sample based on 

numbers of farmers, the sample could be selected on the basis of the 

area farmed. To do this: 

1. Each farmer and their area would be noted, and cumulatively 

listed. Farmer 1 with 4 hectares would be allocated area 1-4 

hectares, farmer 2 with 8 hectares would be allocated 5 to 12 

hectares, farmer 3 with 3 hectares 13 to 15 hectares etc.   

2. Divide the total area by the sample size. The result is called the 

‘Sampling Interval’ (SI). 

3. Choose at random a number between 1 and the SI. This is the 

‘Random Start’ (RS).  

4. Calculate the following series: RS, RS + 1SI, RS + 2SI, RS + 3SI and 

so on.  

5. Select each farm using the RS and the sum of the RS plus SIs from 

the cumulative listing in ‘1.’ above.   

The great advantage of PPS is that it reduces the variability of 

estimates.   
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To illustrate this, imagine six farmers, who have farm areas of 20, 30, 

50, 200, 500 and 700 hectares (total 1,500 hectares, an average of 

250 hectares), and incomes of 10, 20, 40, 240, 460 and 1,040 

respectively, an average income of 300 per farm.  If two farms are 

sampled at random, estimates of farm average income might range 

between 15 (if the first two farms are selected) and 700 if the last 

two farms are selected.  We can do better than this by using PPS and 

weighting the responses in proportion to the area of the farms, as 

shown in Table 20.  From our two samples, this gives a range of 

estimates of average farm income of between 177 (if the first and 

the fifth farm are sampled) and 301 (if the fifth and sixth are 

sampled).  This is much closer to the actual figure of 300 than simple 

random sampling may indicate. 

 

Table 20: Example of PPS sampling weighted by area 
 

Farm 
Area 

(Ha) 
Weighting Income 

Estimate of  

combined farm 

income (‘weight’ x 

income) 

1 20 1,500/20 = 75 10 750 

2 30 1,500/30 = 50 20 1,000 

3 50 1,500/50 = 30 40 1,200 

4 200 1,500/200 = 

7.5 

240 
1,800 

5 500 1,500/500 = 3 460 1,380 

6 700 1,500/700 = 

2.143 

1,040 
2,229 

Total 1,500  1,800 

Average estimate 

total farm income 

 = 1,393 

Average 250  300 232 

 

If being used to compare between members of a population with 

widely varying size, this has a potential drawback of concentrating 

samples on a small number of large farmers (or groups) who may not 

be representative of all farmers or groups.  For example, larger 

famers may be wealthier than the mean or median farmer, which will 

distort information received. 

 

Multistage sampling could be used by ISEAL members for sampling 

groups.  First, a set of groups would be selected, and second, a 

sample from within each group would be drawn.   
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However, what if the groups are distant from one another and 

resources only allow for some to be visited? Or perhaps you might 

wish to avoid those most recently involved in a certification process. 

In other words to reduce costs you might wish to sample within 

some producer groups but not others. How would you choose which 

groups to include in a study, and then how would you select the 

individual producers within those selected groups?  

 

You could just pick the cheapest groups to visit, so long as you are 

confident these are representative of all groups. However, it may be 

that more distant groups are significantly different in some way, in 

which case this technique could produce results that were far from 

representative.  

 

A better alternative could be to use a two-stage method which 

allows the probability of selecting a group to be proportional to the 

size of that group  - using the approach set out above (stage one), 

then balances the ‘weight’ of each producer actually sampled in the 

overall study (stage two).  

 

If groups are selected this way then the same number of producers 

should be studied in each sampled group. With this method larger 

groups have a proportionately greater probability of selection than 

smaller groups, and in the second stage producers in large selected 

groups have a smaller probability of being sampled. This second 

stage compensates for the first stage, so that each individual in the 

population has the same probability of being sampled. Generally 

speaking, in the second stage, simple random sampling is usually 

used.   

 

Table 21: Advantages and disadvantages of probability proportional 

to size sampling 

 

Advantages Disadvantages 

1. Improves efficiency of the sampling 

process. 

2. It will reduce the variability of the 

estimate of the total population.    

1. You must have good information about each of 

the population’s size attributes prior to 

selecting the sample. 

2.  If knowledge about size is inaccurate, or the 

size is constantly changing, it will not be 

accurate. 

3. If size is not correlated to the variables being 

surveyed, it will lead to inaccurate results. 

4. If sizes of individuals within the population are 

greatly different, sampling will be concentrated 

on just the larger size operations.  
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5.3.5.5 Acceptance sampling 

 

Acceptance sampling was originally developed to help determine 

whether a process, product or service delivers on its promise. This 

could include features such as quality, safety, reliability or 

effectiveness. It is generally used for contracts and procurement and 

is about assessing whether to accept or reject a batch of products 

and not about estimating quality.  It is usually done as a product 

leaves the factory and not during its process.  Whether to accept or 

reject a batch will depend upon the number of defects (or non-

conforming items in a batch) that the consumer (or perhaps ISEAL 

member) is willing to accept.  

 

Acceptance sampling is not designed to determine information such 

as averages – it is designed to determine if an acceptable proportion 

of the population meets defined performance standards.   

 

Acceptance sampling may thus be of interest to ISEAL members 

inasmuch as conformity assessment’s benefits can include customer 

confidence, a competitive edge for producers and helping regulators 

ensure that health and safety, and environmental conditions are 

met.  The acceptance sampling approach might, for instance, be 

adapted to the number of non-conforming members in a group 

audit, or the number of non-conforming sites in a multisite audit the 

standards system is willing to accept16.  

 

Acceptance sampling could be used to validate a standards system’s 

approach by measuring chain of custody integrity – for example a 

series of DNA tests could be run to verify that species were as 

claimed, residue tests to verify that maximum residue levels (MRLs) 

were not being exceeded or that persistent chemicals (e.g. DDT) 

were not present in certified produce.  

 

Acceptance sampling may be used when a particular acceptable (or 

unacceptable) level of non-conformity can be set. In accordance with 

the ISEAL Assurance Code, this technique should be used or adapted 

for group or multi-site audits. 

 

Acceptance sampling has been described as a ‘middle of the road’ 

approach as it falls between carrying out no inspections and 100% 

inspection.  The process may thus help to reduce costs. Working out 

the acceptance level requires a balance between inspection costs 

                                                           
16

 This approach is used in the ISEAL Assurance Code for group certification, adapted 

from the MSC’s group requirements and ISO 2859.  Once a preset number of sites have 
been identified, the entire group is rejected.   
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and costs in relation to various risks associated with accepting the 

non-conforming entities. The probability of accepting a group against 

the proportion of non-conforming items in a group needs to be 

decided for acceptance sampling to work.   

 

As an example, a CAB checks 50 members of a group of 500, and two 

of the members checked do not conform to the requirements for 

certification.  Is this acceptable, or should the whole group be 

rejected?  The answer lies in the level of non-conformity that the 

standards system is prepared to accept.  If the standards owner 

wanted to be confident that less than 2.5% of group members did 

not met the requirements, up to three members of the sample size 

of 50 could fail and the group would be acceptable.  If a fourth group 

member failed, the CAB would conclude that certification could not 

be granted.   (But three failing out of our sample of 50 is 6% - not 

2.5% – why this apparent difference?  The answer is in the statistics – 

in a population of 500, with 2.5% failures, there will be 12 or 13 that 

fail – it is possible to pick up to three of them in the sample of fifty. 

However, if you pick four, you can be pretty sure that the failure rate 

is >2.5%.  Things get further complicated in real life – what is a fail?  

One major non-conformity?  A number of minor non-conformities? 

 

One way to increase the probability of accepting only good batches 

and rejecting bad ones with random sampling is to set very tight 

acceptance levels.  The alternative is to increase the sample size.  

Ideally we are looking for an acceptance plan that shows what 

sample size should be taken that reflects, with a high probability, 

whether to reject or accept. There are various approaches to 

acceptance sampling, depending on sample size, the risks associated 

with either accepting a ‘batch’ or group that actually contains a 

greater level of non-conformity than desired, or rejecting a ‘batch’ 

that actually contains a level of non-conformity that would be 

acceptable.  

 

Readers who wish to try acceptance sampling are 

recommended to refer to a text such as Practical 

Acceptance Sampling: A Hands-On Guide, by Galit 

Shmueli, or advice in ISO documentation. ISO 

standards such as ISO 2859 are expensive, 

however sampling tables can be found in ‘milspecs’ 

(military specifications)17.  

 

                                                           
17 While now withdrawn, copies of MIL-STD-105E are still available for free download.  

We suggest that you commence at single inspection, general inspection level II.   
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5.3.6 Non-probability sampling 

 

Not all sampling has to be random, nor designed to allow statistical 

analysis. Sometimes ‘directed’ or ‘non-probability’ sampling can have 

a specific value as part of a research programme. There are two main 

types.  

 

Non-probability sampling does not involve random sampling and 

therefore does not allow all the individuals in a population equal 

chance of being selected.  Results may be biased and estimates of 

sampling variability impossible, hence the results are often seen as 

having limited value.  However there are times in applied social 

research where it can be a more feasible and practical option. When 

time and budget are an issue, it can be used to demonstrate traits 

within a population, or for a pilot study. 

 

5.3.6.1 Accidental sampling 

 

This is a common method of sampling that is used to reach an easily 

accessible group to get quick results. It is an easy, cheap and quick 

method but does not necessarily represent the population as a 

whole.   

 

For example, asking consumers at a farmers market their opinions on 

the value of locally produced food, is a quick and easy audience to 

sample but one you might consider to be biased. 

 

5.3.6.2 Purposive sampling 

 

This differs from accidental sampling as it has a defined purpose and 

is targeted at a predefined group.  Purposive sampling can be used 

when wishing to reach a target audience quickly and where 

proportional representation is not an issue. For example, if seeking 

opinions on the value of fair trade with people between ages 19 – 25, 

visiting a university would allow easy access to the predefined 

audience but not necessarily represent this age range in the 

population as a whole. 

 

5.3.7 Risk-based sampling 

 

Where a particular potential non-conformity has severe implications 

for the standard system, risk-based sampling might be used. This is 
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based on deliberately taking samples where non-conformities or 

particular conditions are suspected to be more prevalent. In this 

context, the knowledge of those involved with the system may be 

used to study particular groups where this non-conformity might be 

more prevalent. No specific guidance that can be given about the 

necessary sample size to give the required level of confidence. The 

sample must be determined based on the experience and judgment 

of those involved. 

 

Many ISEAL members choose to audit the high-risk population, which 

is a reasonable course of action for an assurance programme – but 

not for an M&E programme.  The data can only be used to give 

insights about those judged to be high risk, and even then you need 

to be specific about how the high risk judgment is made.  

 

5.3.8 Repeated samples 

 

When repeating a sample, perhaps to measure change over time, the 

question often arises whether to use exactly the same sample, or a 

new sample. Table 22 sets out some of the pros and cons of 

secondary samples being identical to primary samples or otherwise. 

It is important to note that there is no perfect answer!  

 

In the ISEAL member’s context, repeat sampling will ignore changes 

in the population - for example newly certified entities. 

 

Also, all repeat surveys are susceptible to differences in techniques 

from the previous surveys. Time of year, time of day, different 

surveyors, different questionnaire order, etc., all have to be borne in 

mind, as these differences may give rise to more errors than any 

differences in sampling strategies. Also be aware that some statistical 

tests require identical sample sizes. 

 

Table 22: Pros and cons of using the same sample for repeated 
surveys 

 

 Advantages Disadvantages 

Sample 

same set 

Consistency between samples.  

Changes observed not due to 

differences between selected 

samples. 

Response errors may reduce over 

time due to familiarity with and 

trust of process. 

If some cannot be contacted to be resampled 

this reduces 2nd sample size, and excludes a 

possibly interesting set of producers (e.g. 

those who have dropped out). 

Effects of being surveyed may confound 

results. 

The original sample may change – for 
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 Advantages Disadvantages 

May lower cost as no need to find a 

new sample. 

example a household has deaths, births, or 

extended family leaving and arriving which 

alter wealth measures. 

Sample 

wholly 

different set 

Avoids issues of effect of being 

sampled on responses. 

Allows equal or greater 2nd sample 

size.  

Removes impact of change in the 

sampled unit. 

Extra effort to contact completely new set.  

The 2nd sample may be different in a 

significant way from the 1st first either by 

chance or some artifact of original sampling 

technique (e.g. convenience of location)?  

Sample 

overlapping 

set 

Allows some assessment of the 

effect of being sampled, if stratified 

samples are large enough.  

Effects of being surveyed may partly 

confound results. 

The 2nd sample may be different in a 

significant way from 1st either by chance or 

some artifact of original sampling technique 

(e.g. convenience of location)? 

 

One option would be to choose the second sample in exactly the 

same way as first sample and then either: 

(a) if a small number have been selected twice, exclude them 

from the second data set, or  

(b) if a large number have been selected twice, separate these 

out and determine whether there is evidence that being 

selected has a significant effect on responses. If clear 

evidence of no effect is found, then it would be legitimate to 

lump once-selected and twice-selected together. However, if 

evidence of a being-sampled effect is discernible, then 

determine whether this can be credibly discounted and/or 

carry out separate analysis of once-selected and twice-

selected groups. 

 

In either case you need to be confident that the double selections 

are entirely by chance and not reflecting some aspect of the 

selection process (e.g. convenience), and to bear in mind the 

potential small sample size of those ‘twice-selected’ if they are to be 

studied separately.  

 

5.4  ‘Cleaning’ data 

 

Once the sample and been selected and data collected, a final step 

prior to analysis is reviewing the data for consistency and 

completeness.   
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Data cleaning has three key phases – screening, diagnosis and 

treatment.  These phases may be repeated many times, ideally both 

during and immediately after data collection as well as part of a 

formal review.  Data cleaning is also likely to be needed when a 

researcher or analyst notes something that appears out of the 

ordinary.  

 

Common data errors to be detected during screening may include 

the following. 

 Missing answers. 

 Entry of illegible answers, use of different language (e.g. 

English instead of Spanish) or use of different words for the 

same thing. 

 Two options selected where only one is allowed. 

 Answers transcribed in wrong spaces. 

 Impossible answers (e.g. a claim to work 25 hours a day). 

 Implausible results, e.g. outliers that are significantly distant 

from the mean range (perhaps an answer four standard 

deviations from the mean), or results within a ‘normal’ 

range of expectations that are not correlated well with 

other data (e.g. a above average income level as well as 

below average production volumes). 

 Inconsistencies between studies – were observed results 

consistent and over time? 

 Transcription errors in data entry. 

 

Methods used for screening could include: 

 review of completed surveys for completeness and legibility,  

 validating data entry by checking or double data entry, 

 using graphs to check data – Pareto analysis, histograms, 

scatter charts, 

 reviewing tables to spot unusual patterns in the data, and  

 use of algorithms to identify outliers or inconsistent data. 

 

Once errors and possible errors have been identified in a screening 

process, they must be diagnosed.  It is likely that a researcher or 

analyst will have to review each one to make a determination.  

Diagnosis may be simple e.g. that term is misspelt, or require more 

thought, e.g. is an outlier a genuine result, or an error?  Checking 

correlations is always a useful method of confirming data.  In 

longitudinal studies results from previous surveys may assist in 

determining the nature of potentially erroneous answers.  
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In some cases it may not be possible to determine whether data is 

erroneous or not: in those cases a value judgment may need to be 

made on whether or not to exclude that result.   

 

Diagnosis can be time consuming and costly, and the degree to which 

seeking a diagnosis is pursued should be balanced with the need for 

a complete, clean dataset.  Undertaking this process as early in the 

survey process as practicable may yield cost savings.   

 

Once diagnosis of errors is complete, they must be treated.  Errors 

can only be corrected, deleted or left unchanged.  Impossible values 

should always be addressed – either corrected if the right answer can 

be determined, or deleted.  Implausible values are more difficult.  If 

possible, they should be repeated, and if there is only small variation 

from the original to the repeat, accepted.  If not, tests could be run 

with and without that data in the dataset to see if the result has a 

significant impact on the analysis.  Statistical tests are available to 

assist with this.  Ultimately, the researcher must make a decision on 

whether or not to include or reject the data.   

 

When documenting the results, it is important to have a description 

of the data cleaning process, and to document instances where data 

have been treated or excluded from the analysis of results.   

 

5.5 Case studies 

 

The case studies below provide examples to illustrate issues related 

to selection of a sampling method.   

 

5.5.1 Use of sampling proportional to size 

 

Rainforest Alliance (RA) is working in East Africa to get M&E 

imbedded into internal auditing activities so it can start collecting 

and digitizing useful farm and household information at minimal cost 

and training.  

 

As internal auditing is a requirement for certification, all farms must 

be visited for an  inspection, to develop improvement plans and help 

better understand non-conformities.   This gives 100% coverage; 

however it does not provide for systematic collection of data that 

can be used for M&E purposes.  

 

When 

documenting the 

results, it is 

important to 

have a 

description of 

the data 

cleaning process, 

and to document 

instances where 

data have been 

treated or 

excluded from 

the analysis of 

results.   
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There are 63 groups in Kenya; groups range in size from a few 

thousand farmers to 30,000.  The area farmed by a single farmer is 

less than 1 hectare.  Farmer activity I thought to be reasonably 

homogenous within each group, but less so between groups.   

 

RA has added additional questions to the internal audit checklists on 

practice adoption questions, productivity and socio-economic 

conditions. This is likely to add an additional 20-30 minutes per farm 

to the internal audit.      

 

RA is not proposing to use the extended internal audit checklist on all 

farms, but to use it on a representative sample of farms.  ICS internal 

auditors will be trained, and RA recognises the need to design and 

implement the survey so as to minimize potential for bias.  

 

Issues 

1. Can RA use probability proportional to size to randomly select 

samples?  

2. What will be a representative enough sample? 10% or the 

square root of the total or some other amount?  

3. Is a representative sample possible while remaining feasible with 

regard to data collection, coordination, and entry into the 

database? 

4. Should RA sample the same farms or different farms for annual 

assessment with the extended checklist over a three year (or 

longer) period? What are the pros and cons for each option?  

 

Discussion 

 

1. Use of probability proportional to size sampling (PPS, see Section 

5.3.5.4) 

 

PPS sampling could be used to select samples.   

a) The first option would be to make a list of all members 

in all groups, and use a random start (RS) plus the 

sampling interval (SI) to select members at random.  

(The SI would be the number of farmers in total divided 

by the sample size.) This would give a list of farmers to 

be found in a number of groups – the bigger the group 

the more probable it would be for it to have one or 

more members.  Some groups may not be represented – 

but they would be the smaller ones.  

b) The second option would be to use a multistage 

sampling approach – select groups to sample, then 

select members within each group to be sampled. 
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Groups could be selected by making a list of groups with 

cumulative numbering based on the number of 

members, e.g. group 1 with 100 members is 1-100, 

group 2 with 200 members is 101 to 300 etc.). The 

sampling interval would be the number of groups 

divided by the sample size.  Selection of members within 

each of the selected groups could then be done at 

random, or in some form of systematic way – e.g. each 

50th member.     

c) A third option would be to base sampling on the area 

farmed by each group and/or individual group member 

using farm area instead of the number of farmers as a 

base for PPS.  This would have the benefit of being more 

representative of the population’s production – but the 

disadvantage on not necessarily being representative of 

the members.  (For example, measuring impact of best 

management practice could be examined by number of 

farmers using those practices or by the total area under 

best management practices. The answers may not be 

the same.) Which method may be best to use would 

depend on the variables being explored.  As it is almost 

certain that some variables will relate to area, and 

others to members, a compromise may be needed.  

 

2. A representative sample size 

 

 First, let’s look at the square root rule – the square root of N plus 

one is commonly used in sampling.  This has no statistical validity.  

It’s just an easy to remember rule.  Saranadasa’s work18 suggests that 

in acceptance sampling, the sample size obtained from this rule is 

not enough to declare less than 20% of defectives in a moderate size 

population with a high degree of confidence. The margins of error 

arising from use of this rule are described in Table 14: Margin of 

error for group certification audits using square root rule, copied 

below with some larger groups illustrated for ease or reference. 

  

                                                           
18 http://www.freewebs.com/wasimexpress4/nplussample.pdf  

http://www.freewebs.com/wasimexpress4/nplussample.pdf
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Table 23: Table 23112: Margin of error for group certification audits 
using square root rule. 
 

Group size Sample size 

Margin of error 

95% confidence 

level 

50 8 32.1% 

100 10 29.5% 

500 25 19.1% 

1,000 33 16.8% 

5,000 71 11.5% 

10,000 100 9.7% 

15,000 122 8.8% 

20,000 141 8.2% 

25,0000 158 7.8% 

 

So, for larger populations the square root rule may just be OK, but 

not for smaller populations. Use of the square root rule is not 

recommended. 

 

Second, let’s look at a sample size of 10% - it has the benefit of being 

easy to calculate! 

 

Table 24 shows the margin of error for a sample size of 10% at 

varying populations, with a confidence level of 95%.  At small 

populations, the margin of error is very large; and for large 

populations it is very small.  Use of the 10% rule is not 

recommended. 

 

Table 24: Margin of error for 10% sample size, 95% level of 
confidence 

 

Population size Sample size (10%) Margin of Error (rounded) 

20 2 67% 

50 5 42% 

100 10 29% 

200 20 21% 

500 50 13% 

1,000 100 9% 

2,000 200 7% 

5,000 500 5% 

10,000 1,000 3% 

20,000 2,000 2% 

30,000 3,000 2% 
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The recommendation made to RA is that they use a sampling 

calculator to determine a sample size, balancing their need for 

accuracy with their budget.   

 

A representative sample would be possible – the size of that sample 

it depends on the margin of error that is acceptable.  For example, if 

we think that increases in wealth of 10% are possible over the life of 

the project, then our margin of error should be smaller than the 

increase we are expecting.  If the margin of error is bigger, we may 

be measuring chance.  If we are hoping for a doubling of wealth a 

margin of error of say 15% may be acceptable.   

 

3. Sample the same or different farms? 

This is a difficult one to answer.  On balance, it may be better to try 

to do both. 

 

The advantages and disadvantages of using the same sample for a 

longitudinal survey (i.e. changes measured over time) are set out in 

Table 22: Pros and cons of using the same sample for repeated 

surveys. 

 

In this case study, the key issues seem to be: 

a) What is the likelihood of large recruitment/loss of 

members in the original population?   

b) Will those exiting the system provide information of value 

– for example the reasons that they dropped out? 

c) Will there be a major difference between the answers of 

those who have been involved in the project for some 

years vs. those who are new recruits to the project?   

 

If the population is expected to be stable, and care is taken that the 

process of being interviewed multiple times does not produce 

unexpected results (e.g. will people be prepared to admit they are 

doing worse than previously to a representative of the program 

meant to help them?) a repeat same will provide information which 

will allow changes to be described.   

 

If the population is in constant change, a new sample may work best. 

 

However, if the sample is large enough a stratified sample may 

produce the most interesting answers.  Strata for the sample could 

be  

I. Existing member, sampled before 

II. Existing member, not sampled before 

III. New members.   
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This could identify whether there was an impact created by repeat 

sampling (if not the first two strata could be combined), what are 

differences between ‘old hands’ and ‘new entrants’, and why did 

new entrants join the scheme? 

 

5.5.2 Monitoring to understand change trajectories for 
farm management practices and social, economic, 
and ecological outcomes 

 

In Indonesia, Rainforest Alliance (RA) is working with cocoa farmers 

to improve the productivity of their land while conserving 

biodiversity in a biologically rich tropical forest region.  The project’s 

objective is to improve management practices to increase both 

household wealth and biodiversity.   

 

Cocoa production in the area has traditionally suffered from low 

productivity tied to suboptimal management. Additionally, 

progressive land degradation contributes to declining revenue and 

ultimately to the conversion of cocoa farms to less ecologically 

friendly land uses. These trends can be reversed through better 

agronomic practices (e.g., improved planting material, soil health and 

fertility management, and pest and disease control) as well as 

management of the shade canopy to optimize productivity and 

ecological benefits. RA is providing training on this type of ‘agro-

ecological’ approach to cocoa intensification, which has been 

demonstrated at nearby locations to generate win-win outcomes for 

productivity and conservation value.  

 

BMP adoption should begin within the first year. Vegetation change 

could occur over a one to three year period. Productivity could 

increase after one to two years, along with wealth and other social 

welfare indicators. Changes in livelihood assets may respond more 

slowly, but RA hypothesizes changes will be evidence within three 

years. 

 

980 famers from a number of villages, each with two or three 

separate plots of land have expressed interest in participating in the 

project, nearly 100% of the farmers from within the villages 

participating.  There may be some of these that do not proceed – at 

least 750 are required to make the project viable.  

 

Once enrolled in the RA’s program, there will be some farmers who 

drop out over time, but few new entrants – especially if the farmers 



91   ISEAL M&E Guidance Note – Sampling Strategies and Statistical Analysis 
 

who have expressed interest do enrol, as there will be so few farmers 

not involved with the project.  

 

A baseline livelihood survey has been performed.  Wealth group 

boundaries were identified at community meetings, and following 

this 130 potential participants, 65 from each of the low and medium 

wealth groups were interviewed.  (The margin of error at the 95% 

confidence level is 8% of the measured variables.)  A further 130 

control group members (65/65) was also interviewed.  These control 

group members are located at a “distance “to those involved in the 

project 

 

As participants speak a local dialect, and for reasons related to trust, 

local university students were hired and trained for one week before 

undertaking semi structured interviews.  The survey format required 

reconciliations of information provided to ensure completeness and 

eliminate potentially false answers.   

 

Issues 

1. RA wishes to conduct biodiversity assessments.  There appears 

to be variation in the vegetation between each farmer’s plots.  

RA has an option of using a random sample of plots, or the same 

farmers as in the livelihood survey.  If the same farmers are used, 

RA is unsure whether to sample all plots held by the farmers, or 

one plot per farmer.   

2. A repeat wealth survey is to be undertaken in 2-3 years’ time.  

RA wishes to understand the pros and cons of using the same 

sample group for further studies on wealth, as opposed to re-

sampling the populations.   

 

Discussion 

 

1. Biodiversity surveys 

 

There seem to be two key questions: 

a) Does RA wish to be able to describe a relationship (if any) 

between biodiversity and household wealth / best 

management practice (BMP) use? 

b) Does RA wish to gauge success of improved vegetation 

biodiversity at an area level, or at an individual farm level? 

In answer to the first question, it seems that unless plots for 

biodiversity surveys are taken from farmers participating in the 

wealth survey, it is unlikely that a random selection of plots will 

provide large enough overlap of the two sample sets (e.g. wealth and 
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biodiversity) to be able to consider whether or not there was a 

correlation between the two.    

In answer to the second question, would using the sample of plots 

managed by farmers in the wealth survey for biodiversity survey 

work provide an answer only about the individuals’ plots, or would it 

be representative of the whole area?  If the wealth survey sample 

was randomly selected, there is no reason to assume that the plots 

would not also be randomly distributed, and therefore be 

representative of both the total area, and allow a link to be made 

between the wealth survey and biodiversity outcomes.  

 

On the question of surveying one plot or two, let’s first assume that 

the average farmer has two plots – for our 980 farmers that is 1960 

plots. If one plot from all those in the wealth survey (n = 130) is 

sampled, then the margin of error the 95% confidence level) is 8.3%.  

If two plots are sampled (n = 260), the margin of error at the 95% 

confidence level is 5.6%.   Is double the effort worth a small increase 

in margin of error – especially given that the wealth survey has a 

margin of error of 8%?  Probably not – sampling one plot per farmer 

who was in the wealth survey would likely be adequate. 

 

2. Repeat wealth survey – same or different sample? 

 

In this case study, the ‘churn” of farmers entering and exiting the 

scheme is likely to be low – most farmers are in it so there can be 

few new entrants, and if significant numbers leave it may be that the 

project falls below minimum numbers (N =750). 

 Given the relatively large sample sizes, the 130 samples would still 

be a good representation of the population staying in the scheme 

even if say 20% were to exit.  (They would not remain such a good 

representation of the population in total however.) 

If the effect of being interviewed can be clearly and credibly 

determined, and care were taken with survey design to remove 

potential error related to multiple interviews, a repeat of the same 

sample may be appropriate. 

For both studies the nature of the control group needs to be 

considered and reported. On what parameters is the control group 

matched to the study group?  Are the control group’s answers likely 

to be as credible as for eth study group, etc., Refer to Section 6.1.6. 

Likewise for both studies RA would need to define clearly what is 

meant by use of BMP. How long should BMP’s have been in use? Is 

use of BMPs an either/or question, or is there some middle ground? 

Can a BMP be partially implemented, or is it all or nothing? Also how 

good a measure of biodiversity is being used? 
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6 Statistical Analysis Techniques 
and Tools 

 

In evaluating outputs, outcomes and impacts, ISEAL members will in 

all probability be attempting to measure change over time following 

an ‘intervention’, or a difference between two or more groups where 

an intervention has taken place, or a difference between a group 

where an intervention has taken place and one where that is not the 

case. The following section is therefore an introduction to 

comparison of two groups.  

 

However, at this point techniques can get complicated and time-

consuming. So it is valuable to reflect on the relationship between 

the number of factor being studied and the depth of analysis that 

should be carried out, or that resources allow to be conducted.  

 

With audit-sourced data there may be hundreds of criteria for which 

some information is available. Consider choosing those most relevant 

to a theory of change. Or those which may be the most critical to 

success, or perhaps most indicative of overall progress. Over time 

you may be able to select a small number of factors to study that 

give a strong picture of overall progress. But beware data mining. If 

for instance you study twenty different factors, and find one for 

which there is a notable difference at the 95% significance level, it is 

invalid to draw any conclusions about that factor. After all you would 

expect one in twenty such factors to show a difference at the 95% 

level just by chance… 

 

6.1 Comparing two groups 

 

Techniques for comparing two groups can be useful in two main 

ways. 

 

a) Seeing if being involved with a standards system has had 

an effect.  If the second group is a control group of 

producers not involved in the standards system, we may be 

able to shed some light on whether producers involved in 

the standards system have benefitted more than those who 

have not been involved. 

 

b) Determining differences between categories of certified 

entities. For instance have producers in Region A benefitted 

more than those in Region B? 

It is valuable to 

reflect on the 

relationship 

between the 

number of factor 

being studied 

and the depth of 

analysis that 

should be 

carried out, or 

that resources 

allow to be 

conducted.  
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Sometimes it appears obvious that two groups of data are different, 

and generally if the sample size is large enough, our instincts are 

right. On other occasions the difference may be less, or the samples 

may overlap considerably. Statistical tests can then help us 

determine whether there is a significant difference. At first sight 

these tests can look very complicated. However, a toolbox of 

published tables and online calculators is freely available. Knowing 

exactly how and why they work is less important than knowing when 

and how to use them.  

 

Although it is not essential to understand the mathematics behind 

these tests, a broad grasp of the approach is valuable. What is 

actually being tested is a hypothesis that one thing is correlated with 

another. That hypothesis could be that potato farmers’ incomes are 

correlated with whether they have been certified or not, or perhaps 

that certified potato farmers in one region have performed 

differently from another region. 

 

Once it has been found that two groups do differ with a high level of 

probability, a correlation has been established. In our examples we 

might have established with a sufficient degree of confidence that 

there is a correlation between farmers’ incomes and certification, or 

that there is a correlation between the performance of farmers and 

where they are found. What we have not done is establish causation. 

In other words, we cannot say that certification has caused a 

difference in sustainability scores, nor that difference in performance 

is caused simply by location. For that we would need to consider and 

discount all other influencing factors, perhaps using a technique 

called regression analysis (refer to Section 6.2.5). 

 

6.1.1 How are statistical tests used? 

 

Statistical tests can be very useful to assess the difference between 

two groups of data. What these tests do is show how likely it would 

be for the difference between two groups to have occurred by 

chance alone. If that is shown to be very unlikely, a conclusion may 

be drawn about there being a significant difference between the two 

groups of data. 

 

Before considering which test is most appropriate for your data we 

need to touch on some basic concepts. 
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6.1.2 The ‘null hypothesis’ 

 

 

In our examples the null hypotheses would be:  

 certified producers have done no better than all other 

farmers, and 

 certified producers have done no better in Region A than 

Region B. 

 

A statistical test might therefore produce results such as the 

following. 

 A better performance observed in certified producers 

compared with all other producers could only be expected to 

happen by chance less than once in a hundred times. We 

could then have at least 99% confidence in rejecting the null 

hypothesis.  

 

The conclusion would reasonably be that, based on the data 

available, on average, those certified producers studied had 

done better than other producers.  This of course is not the 

same as concluding that producers have done better 

because they were certified.  

 

 The better performance observed in producers from Region 

A could be expected to occur by chance more often than 

once every ten times. We would then have less than 90% 

confidence in rejecting the null hypothesis.  

 

We could not reasonably conclude that, based on the data 

available, the certified producers studied in Region A had 

done better than those studied in Region B.  

 

Generally, confidence levels of less than 95% would result in 

rejection of a null hypothesis, but this is very context specific.  

 

6.1.3 One and two-tailed tests  

 

We need to be very careful how hypotheses and conclusions are 

phrased. Notice that the conclusions above include “based on the 

available data” and refer to “those certified producers studied”.  

The hypotheses above also referred to producers in a specified group 

doing better than those in a different specified group. This is a more 

specific hypothesis than producers in one group doing differently (i.e. 

better or worse) than another group. This is an important distinction 

The way statistical 

tests actually 

work is to set up a 

‘null hypothesis’, 

i.e. that there is 

no difference 

between groups. 

Then if it is found 

that two groups 

appear to differ it 

is unlikely to be 

due to chance. 
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as it affects the outcome of the tests and how they should be 

interpreted and reported.  

 

A null hypothesis that suggests there is no difference between two 

groups needs to use a ‘two-tailed’ test; it could be disproved by the 

first group being having either lower or higher values than the 

second.  

 

However, a null hypothesis that suggests that values in one group are 

higher than in the other needs to use a ‘one-tailed’ test, as it could 

only be disproved by the values being different in one direction.  

 

When using a statistical test you need to know whether you are 

using a one or two-tailed test before using the test table that gives 

you your conclusion. The choice of which approach to take is entirely 

up to a researcher, but the null hypothesis must be carefully chosen 

and stated before it can be tested.  

 

Likewise it is good practice to state the level of confidence that will 

be acceptable before a statistical test is carried out! 

 

6.1.4 Types of Error 

 

Bear in mind that there are two types of error that statistical tests 

can produce.  

In a Type 1 error, a conclusion is drawn about there being a 

difference between two groups when the difference has simply 

resulted from chance variation in the data collected.  

In a Type 2 error, a conclusion is drawn about there being no 

difference between two groups when a difference actually exists, but 

insufficient data or chance prevented it from being detected. 

Both errors occur from time to time.  

 

6.1.5 Choosing groups to compare 

 

Ideally any two groups compared should be identical in terms of all 

variables other than the one under investigation, for instance 

whether producers are certified or not, or whether they are from 

Region A or Region B. However, there may well be uncontrolled or 

insufficiently controlled external factors. You may also find external 

factors referred to as ‘confounding variables’. 

For instance data from one group of producers in India may have 

been collected between June and August in the monsoon season, 
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and data for the other group between March and May at the height 

of summer, or even at an unknown time. In this case we cannot be 

certain that any observed difference is not difference simply due to 

seasonal impacts. 

 

In this case a choice might be made about selecting from within the 

groups those for whom data was collected during the same period. 

This would reduce or remove the effect of that external variable.  

 

However, care needs to be taken if this approach is taken.  

a) Reducing the size of one or both groups reduces the 

prospects for the test giving a conclusive result, increasing 

prospects for a Type 2 error. 

b) Conclusions drawn must be carefully and properly stated, 

referring to the specific nature of the groups actually 

compared. 

 

In many cases there may be too many external variables for this 

approach to be possible. Differences in crops, locations, timing, and 

surveyors are just some of the external factors that would need to be 

considered. It may be that data on these factors is not available, or it 

may be that by selecting groups for which such factors can be 

matched, the sizes of groups becomes so small that only limited or 

no conclusions can be reached. 

 

In the light of external factors, a decision must be made as to the 

viability of using one of the statistical tests. In many cases the 

conclusion might be that data is simply not amenable to such tests.   

 

6.1.6 Control groups 

 

In Section 2, we considered an example where data indicated an 

increase in yield among certified entities, and the need to compare 

this with changes in yield experienced by those not involved in 

certification. We might find that yields elsewhere have been rising 

just as much due to climatic, technical or other reasons. A ‘control 

group’19 is needed with which to compare the performance of the 

certified entities. 

 

The control group for our example would be non-certified entities.  

 

 

                                                           
19

 The term ‘counterfactual’ is also sometimes used to describe data from a group 

where the factor under study is absent or known to be different.  
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Three major challenges are likely to be faced. 

 

a) Data availability. Are resources available to study the yields 

of entities specifically not involved in certification?  

 

b) Data credibility. If data from an external source are used, 

can we be sure it has been collected professionally? In 

addition, would non-certified entities be as likely to be 

forthcoming or truthful about what they might see as 

personal, commercially or politically sensitive information?  

 

c) Data comparability. Is it possible to select a control group 

that is comparable in all the other factors that might 

influence yield (such as farm size, soil type, rainfall, family 

education level, access to quality seed, etc.)? 

 

Where the number of certified entities is small compared to a 

national or regional total, then national or regional data on yield 

could be used as a proxy for non-certified farmers. However, this also 

presents problems. The period covered by national data may be 

different, data collection methods may be different or less reliable, 

or the certified entities may be significantly different from the 

national average in all sorts of ways, such as farm size, soil type, 

rainfall, family education level, access to quality seed, etc. 

 

Sometimes, knowledge of external data that are available can help 

selection of the sample of certified entities used in a study. It may be 

possible to match a sample of certified entities more closely to the 

characteristics of the farmers included in the external data. This 

allows better comparability, but may mean the sample chosen is less 

representative of all certified entities. 

 

There is never an exact control group that matches every attribute. 

Therefore, it is important to have reasonable expectations of data 

collection and value. Generally, claims of benefits attributed to 

standards systems should be: 

 

a) made conservatively, 

b) treated with caution, 

c) considered in a broader context, and  

d) accompanied by a clear statement of the assumptions on 

which they are based. 

 

6.1.7 Seasonal variability 
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As described in Section 2.2.2, What really happens in an audit, as an 

audit cycle may be spread over twelve months, the seasonal nature 

of climate, harvests, tourism and many other factors is likely to have 

an effect on conformity assessment in many ways. 

 

Indeed, the impact of seasonal variation within a year, and in natural 

environments, climatic and economic differences between years is 

likely to be one of the commonest problems facing monitoring and 

evaluation of conformity assessment for ISEAL members. Moreover, 

within any twelve month period, seasonal influences may well not be 

the same from place to place. In this context comparison between 

any groups has difficulties.    

 

Before two groups are compared in which the time of data gathering 

differs, an understanding of how time affects results is necessary. 

The only realistic way to tackle thus is likely to be to carry out 

separate studies of the effect of the timing on results.  

 

This may be achieved by the following process. 

 

a) Using expert and local knowledge to speculate on how 

timing might affect results (perhaps dry and rainy seasons 

will affect water quality measurements). 

b) Selecting ‘purposive samples’ (refer to Section 5.3.6.2) from 

different periods that might show up a difference (perhaps 

all data gathered in May and all gathered in November). 

c) Using an appropriate technique (perhaps selected from 

Section 6.3) to determine whether there is a significant 

difference between the two samples. 

d) Use a technique called ‘regression analysis’ (See Section 

6.2.5) to determine the extent of the influence of timing. 

e) Use of weighting (refer to Section 6.2.1) to counterbalance 

the effect of timing in any samples subsequently compared.  

 

Be aware that this process may give a false confidence in the 

conclusions, as errors have a tendency to multiply along the way. So 

ensure all assumptions, constraints and caveats are clearly stated, 

with the objective of feeding any learning into future data gathering 

plans. 

 

As an example, a standards system may collect data on prices paid to 

farmers as part of its annual assurance. Production volume of a crop 

may be high in the rainy season, with corresponding low prices 

requiring a supplement to reach a living wage. In the peak of the 

summer lower volumes may result in high prices with higher margins 

In preparing this Guide, the authors 
were often asked why they placed 
so much emphasis on seasonality as 
an important factor.  Here are three 
example explanations: 

1. Audits at different times 
observe differing activities such 
as planting and harvest.  What if 
all parties had non-conformities 
at harvest and none at planting 
– the change the rate of 
observed conformity would be 
huge. 
 

2. Prices may change.  What if 
commodity prices doubled 
between two half year periods 
but the living wage premium 
had not been updated – 
conformity to living wage 
payment requirements would 
likely be higher in the second 
half than in the first half. 

 
3. If a colder than usual growing 

season had lowered crop yields 
at the same time as a new best 
management practice was 
introduced, would the best 
management practice be a 
failure? 
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– with no need for a living wage supplement to be paid. Calculation 

of annual of living wage supplements may not be meaningful.  

Comparison of differences between seasons may yield significant 

knowledge and allow explanations.   

 

The same approach can be used to assess the impact of any external 

variable that can be recorded, and that is suspected to influence 

data. 

 

6.2 Which test to use? 

 

There are a large number of different statistical tests for comparing 

two groups, or for analysing the relationship between two variables 

within a single group. Each has different applications, levels of 

complexity and requirements for data quality.  

 

It is not possible or appropriate to describe them all here, and 

readers are recommended to refer to one of the many statistical 

texts (such as those in Recommendations for Further Reading and 

Information, Section 8), which will provide chapter and verse on 

applications, techniques and theory. A number of online sources may 

also help in choosing the correct test to use, especially if you already 

have some understanding of statistics tests, e.g. 

http://bama.ua.edu/~jleeper/627/choosestat.html produced by the 

University of Alabama. 

 

The following sections provide information on the basic concepts 

that you will need to understand when choosing which test to use, 

and then give brief descriptions of four of the more commonly used 

tests that might be appropriate to conformity assessment data. 

 

6.2.1 Weighting 

 

It is frequently the case that the entities in a study or sample are not 

fully representative of the population. Weighting is a technique to 

adjust answers to account for over- and under-represented groups. 

Each respondent is given a ‘weight’, a number that represents the 

relative importance of that response compared to other responses.  

 

For example, suppose the producers in a study are 50% male and 

50% female, but the producers for which data have been gathered 

are 25% male and 75% female. You could choose to discard a random 

selection of male responses to even up their representation. 

http://bama.ua.edu/~jleeper/627/choosestat.html
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However, this would reduce your sample size and thus the likelihood 

of drawing useful conclusions. Therefore, an alternative, if for 

instance you were studying incomes, would be to take the average 

male response and multiply by 0.667 and take the average female 

response and multiply by 2.  (0.667 x 75 = 50, and 2 x 25 = 50), as 

shown below. 

 

Table 25: Weighting of responses. 
 

Gender 
No. 

farmers 
Sample 

Weighting 

factor 

Total 

sample 

income 

Weighted 

income 

Female 500 25 2.000 250 500 

Male 500 75 0.667 1500 1000 

Totals 1000   1750 1500 

 

In this example, if you used the average income of the sample, you 

would conclude the average income was = 1750/100 = 175. 

However, using the weighting (or ‘normalising’ process’) you would 

reach a more representative weighted sample average income of = 

1500/100 = 150. 

 

For this weighting approach to work well you will need to: 

 

a) know the ratio of the biased factor in the overall population 

(in our example 50:50), 

 

b) know the ratio of the biased factor in your sample (in our 

example 75:25), 

 

c) know how the factor affects responses (in our example the 

average male and average female incomes), and 

 

d) ensure that the process you have used is clearly referred to 

in any reporting. 

 

You should also consider:  

 

e) investigating why there has been a bias in data gathering, 

what this might reveal about the entities being studied and 

what might be done in future to reduce or remove the bias, 

and 

f) viewing weighted results alongside unweighted results to 

see what effect weighting has had on the numbers. 
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6.2.2 Weighting for non-response 

 

Surveys often have non-responses – either to part of the survey, 

(item or partial non-response) or to the entire survey (total non-

response). 

 

In cases of total non-response the easiest way of dealing with the 

problem is to assume that the respondents represent both the 

respondents and the non-respondents, although this makes a 

potentially risky assumption that lack of response is not related in 

any significant way to the subject of the research.  In this case the 

weightings from the previous section may need to be reworked to 

allow for changes in proportion.   

 

For partial non-response, ideally the respondent will be contacted to 

find the missing data – this may not be either practicable or possible.  

Answers may be imputed from the answers in the full responses. 

There are a number of methods that can be used to impute the 

answer, but they all result in creation of a plausible, consistent 

record for all variables in the questionnaire. 

 

Some may be as simple as using the average of the ‘good’ answers 

(e.g. if average farm size is two hectares, use that), while others may 

require more complex analyses (e.g. regression analysis). 

 

6.2.3 Independent and dependent variables 

 

An independent variable (sometimes abbreviated as IV, or referred 

to as an ‘input variable’), will be the factor whose effect we are 

studying, perhaps whether certified or not, or different regions.  

 

The dependent variable (sometimes abbreviated as DV, or referred 

to as an ‘outcome variable’), will be the effect we are studying, 

generally the indicator that has been chosen, perhaps crop yield, 

water quality or increase in income. 

 

For example, in measuring the income derived from a newly 

introduced management practices, best management practice is the 

independent variable and income is the dependent variable. 
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6.2.4 Discrete or continuous or data 

 

Discrete data are those that are categorized in some way, with a 

limited number of possible answers. Discrete data may be any of the 

following.    

 

a) Nominal, e.g. male/female, marital status, or possibly coded 

answers to open questions. 

 

b) Ordinal, similar to nominal but with a clear ordering of 

answers, e.g. from strongly agree to strongly disagree. 

 

c) Interval, where data is sorted into groups e.g. 0-5 

tonnes/hectare, 6-10 tonnes/hectare, 11-15 tonnes/hectare, 

etc.  

 

Continuous data are those for which any numerical value is possible 

(maybe within binding limits), such as water pH or crop yield. It may 

sometimes be advantageous to categorise continuous data into 

discrete interval data, e.g. pH between 3 and 3.99, 4 and 4.99, etc. 

 

6.2.5 Correlation and regression 

 

 E.g. correlation might suggest that an increase in yield is 20% related 

to time since certification (with 80% down to other factors); 

regression might indicate that yield increases by 1t/ha for each year. 

 

In other words, correlation quantifies the degree to which two 

variables are related. Correlation does not fit a line through the data 

points. You can use correlation to calculate a coefficient (r) that tells 

you how much one variable tends to change when the other one 

does. When r is 0.0, there is no relationship. When r is positive, there 

is a trend that one variable goes up as the other one goes up. When r 

is negative, there is a trend that one variable goes up as the other 

one goes down. 

 

Correlation is almost always used when you measure both variables 

(e.g. crop yield and time since certification). It rarely is appropriate 

when one variable is something you experimentally manipulate. In 

that case linear regression is usually used (e.g. when you can 

manipulate concentration of a chemical in an experiment). 

Regression analysis is a more advanced step that can find the best 

line on a graph that predicts one variable from another. 

 

Correlation and 
regression are 
two related and 
useful concepts in 
statistical 
analysis. 
Correlation 
indicates the 
strength of a 
relationship 
between two 
variables; 
regression 
indicates the 
nature or 
coefficient of that 
relationship. 
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6.2.6 Distribution of data 

 

A key issue when choosing the best test is whether the distribution 

of results is what is statistically known as ‘normal’ (refer to Section 

5.1.3, The importance of distribution). Many statistical texts and 

references make an assumption (sometimes unstated) that groups 

being considered have a normal distribution. Moreover, several of 

the more commonly referred to tests (such as the ‘t-test’ and 

‘ANOVA’) require that data complies with a normal distribution.  

 

However, there is little reason to suggest that data sets used by 

ISEAL members will necessarily have this normal distribution pattern, 

so we also need to consider tests that apply to other distributions. 

Unfortunately tests that can be used with non-normal distributions 

tend not to be very powerful, which means that they are poor at 

detecting small differences between groups and therefore likely to 

produce Type 2 errors.   

 

In other texts you may come across the term ‘parametric’ applied to 

tests. Parametric tests assume some kind of statistical distribution 

such as Normal, Log-Normal, Poisson or other, which can be 

represented by a probability density function (a function that 

describes the relative likelihood for a random variable to take on a 

given value). Non-parametric tests are for any data and do not 

require the data to conform to any statistical distribution. 

 

To determine if data follows a normal distribution there are a 

number of statistical tests such as the Kolmogorov-Smirnov test. 

These tests tend to be very sensitive to slight deviations from 

normality and will often indicate a set of data is not normal when the 

data is sufficiently normal to allow most tests which assume 

normality to be to be valid. You can visually check for the fit of a 

normal distribution to the observed data by examining the quantile-

quantile (or Q-Q) plot (also called the normal probability plot). This 

allows the identification of outliers that could then be removed to 

ensure the data can be assumed normal. It is possible to do one of 

these Q-Q plots in Microsoft Excel but they are better done in a 

statistical package.  

 

Figure 15 shows an example Q-Q plot.  This example shows time 

taken from application to certification, and non-linear pattern 

indicates that the distribution is not normal.  The outlier at 240 days 

is clear – but is likely to be accepted in data cleaning as it represents 

a correct data point. 
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Figure 15: Example Q-Q plot.   

 

6.3 Possible tests for different situations 

 

Once you have determined whether your data can be assumed to 

have a ‘normal’ distribution, which of your variables are dependent 

or independent, and whether your data is discrete or continuous, 

you need to determine an appropriate test to use. Table 26 may 

suggest a test for your circumstances, but is neither comprehensive 

nor intended to take the place of guidance from an expert source, 

and each case should be considered on its merits. 

 

Table 26: Tests for differences between two or more groups and for 
relationships between variables which depend on the distribution 
of the data 
 

Distribution 
Dependent 

Variable 

Independent 

Variable 
Possible test Notes 

Normally 

distributed 

data 

discrete 

discrete Chi squared Requires data to be paired 

continuous 

Linear 

Discriminant 

Analysis 

Tends to be used in classification 

and recognition 

continuous 

discrete t-test, ANOVA  

continuous 

Correlation 

analysis; 

Regression 

Requires data to be paired 

Non-

normally 

distributed 

discrete 

discrete Chi-squared Requires data to be paired 

continuous Spearman’s rank 
Relatively few tests available for 

this context. Spearman’s rank is 
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Distribution 
Dependent 

Variable 

Independent 

Variable 
Possible test Notes 

data
20

 similar to correlation analysis, and 

requires data to be paired 

continuous 
discrete 

Mann-Whitney 

(or ‘U’-test’) 

Kruskal-Wallis 

 

continuous Spearman’s rank Requires data to be paired 

 

6.3.1 Tests for comparing data where a normal 
distribution can be assumed 

 

The tests available for normally distributed data tend to be more 

powerful than those where a normal distribution is not assumed, i.e. 

are better at detecting smaller differences with confidence.  

 

6.3.1.1 The t-test 

 

The t-test tests for the mean difference between the two groups 

being different from zero. There are two versions of the t-test, the 

normal (or ‘student’s’) t-test can be used to test for the difference in 

means between two groups of different sizes, and the ‘paired t-test’ 

is suitable for entities that have been measured at two time points 

(so each individual has two measurements). The t-test is particularly 

useful when there is a small sample size. Both assume that the 

standard deviation is approximately the same in both groups. There 

is also a third type of t-test - the unequal variance t-test - which 

allows for differences in the standard deviation between two groups. 

 

The t-test is used with a continuous dependent variable, and discrete 

independent variable with two levels or groups. 

 

The formula for a t-test is a ratio.  The first part is the difference 

between the groups’ means (or mean of the differences for a paired 

t-test) and the second part is a measure of the variability known as 

the ‘standard error of the difference’.  The t-test is positive if the first 

figure is larger than the second.  This t value can then be looked up in 

a table of the t-distribution to determine the probability of getting 

that value if the null hypothesis were true. If this probability is 

smaller than some pre-chosen probability (usually 0.05 or 5% 

chance) then there is enough evidence to reject the null hypothesis 

                                                           
20

 Note: when comparing two groups, if either group is not normally distributed then 

these tests are appropriate. 
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and say there is a significant difference between the means (or the 

difference in the means is significantly different to zero in the paired 

t-test). The t-test with unequal variances uses a different formula for 

calculating the standard error of the difference to the normal t-test. 

 

Microsoft Excel and many other software packages enable swift use 

of the t-test.  

 

6.3.1.2 The ANOVA test 

 

Another commonly used test that is suitable for data that is normal 

distributed is ANOVA (or Analysis of Variance).  

 

ANOVA is an extension of the t-test with equal variances and 

provides a statistical test of whether or not the means of several 

groups are all equal. When used with three or more groups, the test 

will not tell you which specific groups were significantly different 

from each other, only that at least two groups were.  

 

The ANOVA uses an ‘F’ distribution instead of the t-distribution to 

determine the significance of any set of groups or “effect”. If a 

significant effect is found using the F-test then it is possible to 

compare the means of individual classes to determine which pairs of 

means are significantly different. However if you were to run a large 

number of t-tests to do this using a 5% chance to determine 

significance (refer to Section 2.4.2) on the same data your level of 

significance effectively increases – so significant differences will be 

identified where none exist. Therefore it is important to use one of 

the tests developed for examining differences in means such as 

Fisher’s Least Significant Difference (LSD) test which controls for 

these changes so that the Type 1 error remains at 5% and you can be 

more confident that any significant result you find is not just down to 

chance  

 

ANOVA tests can be undertaken in Microsoft Excel and other 

software packages. To test the assumptions of ANOVA (normality 

within groups and equal variance across groups) and to use tests of 

multiple comparisons of means a proper statistical software package 

such as SPSS must be used. 
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6.3.2 Tests for comparing non-normal distributions 

6.3.2.1 The U-test 

 

Fortunately there are tests suitable for use when data from either or 

both groups are not distributed ‘normally’. One of these is known as 

the U-test (also known as the Mann-Whitney test). The U-test is also 

valuable as it does not require groups being compared to be of the 

same size. The U-test requires results across both groups to be 

ranked in order of the value of the dependent variable. Therefore 

there needs to be a value for whatever indicator is being tested 

(perhaps yield in tonnes per hectare) for every member of each 

group under test. This need for every value to be ranked from first to 

last makes the test less appropriate when data is categorised, (e.g. 

yield 0-5 tonnes, 5-10 tonnes, 10-15 tonnes, etc.); it can be used but 

the interpretation of a significant difference in the pattern of the 

distributions is more difficult. 

 

The test process requires the ranks 1 for 1st, 2 for 2nd, 100 for 100th, 

etc. to be entered into a calculation and then calculates a U-value. 

Bear in mind that the U-value that is derived is not the conclusion to 

the test. The calculated U-value is looked up in a U-distribution table 

to determine the probability of obtaining that value under the null 

hypothesis. If this probability is less that some pre-determined level 

usually 0.05 (or 5% chance) then there is enough evidence to reject 

the null hypothesis and the distributions can be considered different 

between the two groups, or the central tendency of the groups are 

significantly different.    

 

Various online calculators are available for the U-test, e.g. 

http://elegans.som.vcu.edu/~leon/stats/utest.html. It is possible to 

use Microsoft Excel to carry out a U-test, but it is a rather awkward 

process21.   SPSS22, perhaps the most commonly used programmes 

for statistical analysis in social science, does include a U-test. 

 

6.3.3 The Spearman’s rank test 

 

Spearman's Rank Correlation Coefficient is a number between -1 and 

+1 that represents the strength of the relationship between two 

variables in a set of data. It is the equivalent statistic to Pearson’s 

Correlation Coefficient where normality of the data can be assumed. 

                                                           
21 See, for example, 

http://www.palgrave.com/psychology/brysbaert/students/excelguidelines/run-Mann-
Whitney-test-Excel.pdf  

22 See http://www-01.ibm.com/software/analytics/spss/ 

http://elegans.som.vcu.edu/~leon/stats/utest.html
http://www.palgrave.com/psychology/brysbaert/students/excelguidelines/run-Mann-Whitney-test-Excel.pdf
http://www.palgrave.com/psychology/brysbaert/students/excelguidelines/run-Mann-Whitney-test-Excel.pdf
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A coefficient of +1 indicates there is a perfect positive relationship 

between the data sets, and a coefficient of -1 indicates there is a 

perfect inverse relationship between the data.  

 

For this test to work there needs to be a ‘monotonic’ relationship 

between the variables. A monotonic relationship is one where as the 

value of one variable increases, so does the value of the other 

variable; or as the value of one variable increases, the other variable 

value decreases. 

 

Spearman's rank correlation works by converting each variable to 

ranks. When two or more observations are equal, the average rank is 

used. For example, if two observations were tied for the second-

highest rank, they would get a rank of 2.5 (the average of 2 and 3). 

Once the two variables are converted to ranks, the correlation 

between the two sets of ranks is calculated in the same way as 

Pearson’s correlation coefficient except that the ranks are used 

instead of the values. The size of the Spearman’s rank correlation can 

be interpreted the same way as a Pearson correlation coefficient.    

 

There is no direct way to calculate Spearman’s rank with Microsoft 

Excel, but with a little effort there are ways to manipulate data to 

make this possible. The commonly used statistics package SPSS does 

have this function. 

6.3.3.1 Correlation Analysis 

 

As a first step in investigating relationships among variables it is 

useful to plot the data in graphs and calculate the Pearson’s 

Correlation Coefficient for each pair of variables. Pearson’s 

correlation coefficient is a measure of the correlation or linear 

dependence between two variables and varies between +1 and -1. 

The plots will allow identification of outliers, and the correlation 

coefficient ensures none of the independent variables are 

redundant.  

 

6.3.4 Regression Analysis 

 

‘Regression analysis’ is a statistical technique for estimating the 

relationships among variables. It can help to disentangle the impacts 

of different influences, or to find links between different factors, 

thereby providing evidence for impacts against a lot of ‘background 

noise’.   
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More specifically, regression analysis can help you understand how 

the value of a dependent variable changes when any one of the 

independent variables is altered, while the other independent 

variables are held fixed. It will determine the slope and intercept of 

the linear relationship between two variables and determine if the 

slope of the line is significantly different to zero. Also it will 

determine the percentage of the variance in the dependant variable 

explained by any independent variable or group of independent 

variables using the r-squared statistic which varies between 0 and 

100%.  

 

Regression analysis requires a value for a dependent variable (e.g. 

observed benefit from involvement in conformity assessment) for 

each value of the independent variable (e.g. distance from market).. 

A number of independent variables can then be considered to help 

assess which are having the greatest impact on results. The results 

from regression analysis can also then guide further research and 

sampling techniques. Regression analysis models linear relationships 

between the dependant and independent variable only and makes 

the assumptions that the distribution of the dependant variable 

around the straight line is normal and the variance is constant over 

the whole range of the independent variable. It also assumes the 

independent variable is measured without error.  

 

If you imagine all the values of one independent variable (e.g. 

distance from market) to be plotted on the x axis, with the 

dependent variable (e.g. measured increase in price for certified 

product over market average) for farms involved in conformity 

assessment you might get something like the graph below. 

Regression analysis could then indicate to you both the nature of the 

relationship between the two variables (e.g. for every kilometre from 

their market a farm has a change in price premium of x$ per kg), and 

the confidence with which such a conclusion could be drawn. 

 

When undertaking a regression analysis the fit of the line with data 

can be estimated using the ‘coefficient of determination’ or R2, 

whose value is usually between 0 and 1. An R2 value near 1 indicates 

the regression line fits the data well, and near 0 indicates a poor fit 

between the regression line and the data.   Figure 16 is an example 

regression analysis. In this example there is a relationship between 

market premium and distance to market, but the R2 value is low, 

indicating that the data does not fit the line well, and as a result the 

correlation may not be strong. 
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Figure 16 : Example regression Analysis.   

 
 

To be successful, regression analysis generally requires large volumes 

of high quality data where the whole range of the independent 

variables that are of interest are covered. Where that is available it 

can be a very powerful tool. Microsoft Excel contains a tool to carry 

out regression analysis but can only do the analysis with one 

independent variable. Statistical software packages can carry out 

multiple regression (with multiple independent variables) to identify 

the most important predictive variables for example.  

 

6.4 An example of correlation analysis 

 

Table shows the results of a survey of 20 farmers out of 85 farmers in 

a project.  The second column is time between the date that the 

farmer was first certified and the date of the survey.  The question is 

whether there is a correlation between the time of being certified 

and crop yield? 

 

Table 27: Raw data for correlation. 
 

Farmer 
Time since first 

certified (years) 

Sugarcane 

yield t/ha 

Wheat yield 

t/ha 

Tomato 

yield t/ha 

Potato yield 

t/ha 

1 2.5 22 8 31 18 

2 2.3 23 7 35 12 

3 1.7 23 10 33 20 

4 1.3 18 3 28 15 

R² = 0.1269 
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5 1.7 19 5 27 13 

6 1.2 21 6 30 20 

7 1.4 23 7 30 17 

8 1.2 21 7 26 13 

9 1.0 20 5 37 21 

10 0.6 22 4 39 12 

11 2.0 23 7 32 15 

12 0.5 23 6 37 16 

13 2.3 18 9 33 21 

14 1.4 19 5 36 17 

15 2.5 21 6 34 16 

16 0.6 23 4 27 17 

17 2.1 21 9 27 20 

18 2.1 20 8 26 21 

19 0.5 23 6 33 16 

20 1.6 23 8 40 13 

 

Entering these data into Excel and using the CORREL function gives 

the following results. 

 

Table 28: Results of CORREL function. 
 

 
Sugarcane 

yield t/ha 

Wheat yield 

t/ha 

Tomato 

yield t/ha 

Potato yield 

t/ha 

CORREL, time to yield, r= -0.219634 0.5828665 -0.174775 0.1828202 

 

What do these figures mean? 

 

There is no universally applicable interpretation of correlation 

coefficients, so Table XXX should be considered as a guideline only. 

 

Table 29: Interpretation of correlation coefficients 

Correlation coefficient, r= Strength of relationship 

0.1 to 0.3 or -0.1 to -0.3 Weak 

0.3 to 0.5 or -0.3 to -0.5 Medium 

0.5 to 1.0 or -0.5 to -1.0 Strong 

 

This might then indicate that there are weak relationships between 

yields of sugarcane, tomato and potato and time since certification, 

with two of them actually showing a weak negative correlation (i.e. 

yields reducing with time). A strong positive correlation might be 

indicated between wheat yield and time.  

 

However, it is important to know that the CORREL function in Excel 

uses Pearson’s Correlation coefficient, and this put some limitations 
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on the kind of data which can reasonably be used. For instance the 

data must be normally distributed. A quick plot of the data, shown 

below reveals that this is the case for only one crop, wheat. So for 

the other crops Excel’s CORREL function is not valid, and no 

conclusion can be drawn about them from this analysis. An 

alternative analysis, perhaps using Spearman’s rank correlation 

might be better. 

 

Figure 17: Correlation across multiple crops. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

   

6.5 Reporting 

 

 

Having gathered all the data and conducted all the necessary analysis 

and tests, reporting properly is the next important stage. 

 

A number of initiatives have attempted to set out principles for good 

reporting. For the purposes of reporting for standard systems, in 

general these fall into two categories: fairness, and accessibility.  
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6.5.1 Transparency and completeness 

 

Reporting should be clear, open and honest. Assumptions, caveats 

and constraints on how data were collected and analysed should be 

stated. Confidence levels and intervals should always be stated, 

alongside the names of any statistical test used. Where full 

information cannot be provided, the remaining information should 

be signposted.  

 

Any conclusions drawn need to: 

a) state the confidence levels and intervals, and 

b) state clearly the nature of the population under 

consideration.  

 

For example, “of those certified farmers for which we have data, that 

data provides a 95% confidence that their yields have increased by an 

average per hectare of 3 tonnes plus or minus 1 tonne from the 2011 

season to the 2013 season”. 

 

This statement presents the caveats and assumptions as well as the 

conclusion. It would be easy to abbreviate this to “certified farmers’ 

yields have risen by 2 tonnes per hectare”. But it would also be 

wrong, because we are only using a sample.    

 

The extent to which claims can be verified externally could also be 

stated, along with details of any peer review or external audit of the 

data gathering and analysis processes. 

 

6.5.1.1 Avoid misleading presentation of data 

 

Which sounds more impressive: ‘a 6% increase’ or ‘more than 

‘doubling’? For most people the latter would be taken as a more 

noteworthy change 

 

Yet an increase from 5% to 11% is both ‘more than ‘doubling’ and ‘a 

6% increase’. In this example either could be misleading.  

 

Quoting the actual source figures is always best.   

 

6.5.1.2 Significant figures, accuracy and precision 

 

When using statistical techniques an appreciation of appropriate 

precision and ‘significant figures’ is important. The number of 
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significant figures gives information on how precise an answer is, and 

can be another way of indicating the confidence you have in your 

answer. The following example will illustrate. 

 

If 11 out of 34 farmers have been found to benefit from involvement 

with a standards system, would it be fair to say that the process 

helped ‘32.35294%’ of farmers? Or would 32% be fairer? Or maybe 

‘roughly 30%’? All are accurate, but arguably the former is overly 

precise as it could be taken to indicate that this was the result of a 

survey of millions of farmers. Thus the number of digits in a number 

can be taken to indicate how precisely the number has been 

calculated.  

 

So, mathematically, ‘32’ is different from ’32.35294’  

a) 32 may mean between 31.5 and 32.5 

b) 32.35294 may mean between 32.352935 32.352945 

 

Again, quoting the actual source figures is always best, e.g. 11 out of 

34 potato farmers'.   

 

6.5.2 Additionality and Displacement 

 

Additionality and displacement (defined below, and sometimes 

referred to as leakage) are never easy to measure.  Protocols for 

assessing additionality (and to a lesser degree displacement) have 

been developed in some sectors, and ISEAL members are encouraged 

to investigate the latest thinking relevant to their sector. Challenges 

of additionality and displacement arise in any assessment that 

attempts to quantify changes brought about by interventions in 

complex systems.   

6.5.2.1 Additionality 

 

How much of the change would have happened anyway, without the 

standards system? To put it another way, how much of any 

measured change is additional to what would have happened in the 

absence of the standards system or assurance process? 

6.5.2.2 Displacement 

 

How much of any benefit detected is actually at the expense of a cost 

elsewhere? Are there producers for whom the standards system was 

in some way unavailable, who perhaps are now worse off through 

reduced competitiveness? 
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6.5.2.3 Data mining 

If 20 different criteria are measured in a survey, and one of them 

shows a significant difference between samples, at the 95% 

confidence level, what can we say about that observed ‘significant 

difference’? The answer is that nothing can be stated. If you carry 

out 20 comparisons between criteria, you would expect one of them 

to appear (falsely) significant at the 95% confidence level entirely by 

chance. This is called ‘data mining’ and is almost as common as it is 

wrong. 

 

If data mining is undertaken, it should be used to identify areas for 

further research and analysis, rather than by taking results at face 

value.   

6.5.2.4 Importance of negative or no results 

It is important to include unclear and apparently negative results. If a 

standards system fails to reach its objectives, it may well not be a 

complete failure if the lessons learned are carefully applied to future 

initiatives. Especially if those lessons are shared, then the process 

may in fact prove very valuable.  

 

It is remarkable how few unsuccessful initiatives are ever written up 

or details made available. The fear of losing reputation or funding 

probably leads to many important insights and lessons being hidden, 

many mistakes being repeated, and much time and money wasted23.  

 

Arguably such complete reporting, carefully handled can help to 

build trust and buy-in from supporters.  

 

6.5.2.5 Context 

As well as giving a sense of the scale of need, it can be useful to 

explain the level of demand for the standards system. If reporting, 

say, on changes experienced as a result of 10,000 conformity 

assessments, also report the size of the overall population of those 

for whom such assessments might be available, perhaps alongside 

information on whether you have to turn people away and how long 

your waiting lists are.  

 

There is often a trade-off between the potential value of a 

conformity assessment process associated with sustainable 

livelihoods, and the scale of challenges it faces. Those most in need 

                                                           
23 There is perhaps a lesson for funders here to be much more open to the prospect 

of project failure if lessons are learned and disseminated. Also for funders to be more 
receptive to applicants who have previously been engaged with initiatives that have failed 
but which have been sources of clear, valued and well-learned lessons. 



117   ISEAL M&E Guidance Note – Sampling Strategies and Statistical Analysis 
 

may be the most difficult to reach, least confident in collaboration 

with outside agencies, have the greatest need for capacity building, 

be the least-well placed to provide data, and be found in locations 

suffering from a degree of political and economic instability. Those 

who opt for involvement in a certification process may be those 

already relatively well resourced. Indeed, those most in need of 

assistance are often those most difficult to assist. 

 

6.5.2.6 Availability 

While issues of commercial or personal confidentiality should be 

taken into account; as far as possible, relevant information should be 

easily available to anyone who looks for it, including those who 

contributed data. 

 

Remember that different audiences will look for different kinds of 

impact information, so bear your audience in mind when deciding 

how and where to present information. The level and detail of 

reporting should reflect the size and complexity of the research, as 

well as the audience. 

 

6.5.2.7 Clarity 

Within the constraints on transparency and completeness described 

above, so far as possible the reader should be able to quickly and 

easily understand the results and analysis being reported. 

 

Including contextual qualitative data, such as case studies and even 

quotes that add depth and colour to reporting, may make them more 

accessible to different audiences.  

 

6.5.2.8 Learning 

Reporting should be part of the Plan-Do-Check-Act cycle (Section 

1.6). Especially important in this context is striving to be impartial in 

assessment of results. Indeed a balanced and critical attitude is 

important if monitoring and evaluation of standards system data is to 

be meaningful. 

 

As well as learning to improve standards system and assurance 

processes, reporting should help improve research design, data 

gathering and the reporting itself. Gauging how the reporting itself is 

received by different audiences will also be instructive. 
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7 Examples 
 

This section contains some hypothetical and real life examples of 

situations in which sampling and analysis may be needed.   

 

Generally there is no perfect answer, so often the discussion takes 

the form of a set of options for use – each with advantages and 

disadvantages.  

 

7.1 Can you estimate a population parameter 
from a complete audit record? 

 

Question:  How could an ISEAL member go about producing an 

estimate of a population parameter across all entities of one crop, 

one region, or the full portfolio? 

Assume that you have data from all entities, but realize there are 

some problems with that data (e.g. estimates taken all year round for 

a seasonally affected data point).   

 

Answer:  This answer must be as generic in nature as the question!   

In the first case one could do a number of things with the data.  

Unfortunately, drawing accurate conclusions may be difficult or 

impossible.  If you wanted some high level information where 

accuracy was not important, the approaches below could help.   

 

These answers first assume that the data has been cleaned (see 

Section 5.4). 

1. One could see if there are significant differences between data 

gathered at differing times of audit by selecting the records 

taken from say each month or season and analysing and 

comparing those data.  You could compare results between 

months / seasons to see if there was a significant timing impact 

on your information.  (For example, you could compare the 

months of January and August to check for differences in 

variables such as price, yield, labour employed.  If the difference 

was significant you would need to carefully decide in what way 

the difference was significant, and what impact that might have 

on other data collected at the same time.   

2. It would be good practice to look for differences between groups 

or records from differing conformity assessment bodies (or 

auditors) as well, even if there is no seasonal effect.  If you found 

a significant difference between assessment bodies then all data 

could be suspect.  
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3. Demographic data such as area farmed, age and sex of farmer, 

should be reasonably reliable irrespective of seasonality or which 

conformity assessment body collected the data.  This should be 

able to be used directly. Be careful of taking demographic data 

that may change depending on season, or crop type, or region, 

for example crops with a high labour requirement at harvest.  In 

these cases extra family members or workers may come home 

for harvest, distorting household size or labour force size.   

4. For determining crop type, some other information to help draw 

conclusions would be a help.  If the crop is a perennial crop (e.g. 

tea or cocoa) then there will be no timing differences.  If the crop 

is an annual crop, and/or two or more crops can be grown each 

year, then knowledge of the degree to which crops are rotated 

may result in a decision to accept or reject data.  For example, if 

only rice is grown, then it doesn’t matter if the crop has two 

cycles each year.  If fresh vegetables are grown followed by 

maize, the seasonal impact may be substantial. 

5. A regional analysis could be undertaken – be wary of regions that 

are too large, or too small.  (For example, if there are only five 

records from a region, it will not be good data.  Remember the 

comment about 30 or more records being useful – see Section 

5.2.3.)  You should compare regional results to see if the 

differences are significant (as in 1 above).  Of course, significant 

differences may be expected in some cases – do a ‘sanity check’ 

to make sure that the reasons for differences can be explained.   

6. Report all results carefully – make sure that the limitations on 

the data are clear.  

 

7.2 Can you estimate a population parameter 
from a sample? 

 

Question:  How could an ISEAL member go about producing an 

estimate of a population parameter across all entities of one crop, 

one region, or the full portfolio? 

 

Assume that you want to gather the data from a sample (either in 

the assurance process or in a separate process).  

 

Answer:  The first part of the answer is to be clear about:  

 

1. What you want the data for – have you designed the research 

well (See Section 4.2, Better research design)? Are the indicators 

you are using clear? 
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2. What variables are you wanting to survey, and how are these 

may be correlated – to each other, and to other factors such as 

size. 

3. How accurate you need answers to be and how confident you 

need to be in that accuracy.     

 

Having clearly established your objectives and plan, can you describe 

the population? (You may have to do some rough survey work to be 

able to do this – or look at records from prior assessments.)   

 

1. If you do not know much about the population, simple random 

sampling may be best.  

2. Does the population fall into obvious strata for taking a stratified 

sample? 

3. Are the variables you are exploring related to size or other 

factors, in which case cluster or multistage sampling, or sampling 

probability proportional to size (PPS) sampling may be 

appropriate? 

4. Try to narrow your choice of sampling options down – can you 

eliminate some? 

5. Design your data collection process.  Make it appropriate to your 

information needs, the variables you want to analyse etc.  

6. How will you analyse the data you collect?  Do these methods 

support your objectives, and will they work with the type of 

sampling that you have chosen? 

7. Calculate sample sizes to give your required level of accuracy.  

(Recognise that this will be an iterative process – the sample to 

give what you thought would be an acceptable margin of error 

may not be possible – can you live with a smaller sample and a 

larger margin of error, or a lower confidence level? 

 

7.3 How to gather and use data on impact of 
certification? 

 

Fairtrade Labelling Organisation e.V. (FLO) only carries out 

certification through its wholly owned CAB, FLO-CERT.  This provides 

one set of Level 1 data, and FLO has the ability to direct auditors to 

collect data related to M&E activity. 

 

FLO wants to use Level 1 data to inform itself and stakeholders about 

the impact of certification.   

 

The worldwide set of certified farms can be described roughly as 

follows: 
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 1,000+ certified producer organizations. 

 Roughly 20% are hired labour, the rest are small 

producer organisations. 

 Producers are located in nearly 70 countries. 

 There are more than 15 product categories. 

 There are both large and small producer organisations. 

 There is a reasonably high ‘churn rate’ – dropouts being 

replaced by new organisations – up to 20% each year. 

 

There are a series of complicating factors:    

 

1. The percentage of product sold as certified can vary 

between farms – in some cases a very small proportion 

is sold as certified.  This makes it hard to determine the 

impact of certification on sales. For example, was 

product sold because the producer organisation had 

Fairtrade certification, even though it was not claimed? 

2. Some farms are certified for reasons other than access 

to markets that purchase certified product. The reasons 

for this vary and so benefits are hard to determine 

relative to these reasons. 

3. Certified farms are normally much poorer than national 

averages, and national averages do not include barter 

and “off-the-books” sales. This makes it hard to 

establish a comparison group that can be used as a 

control group.  

4. If a comparison group can be found, it is hard to find 

one that is not using some other certification scheme, is 

not part of some development project and where the 

impacts of government or NGO programmes are 

consistently applied to both groups of farmers. 

5. Regional conflicts hinder efforts to gather information. 

6. For more reliable information on the impacts of 

certification, FLO wants to only use farms that have 

been certified for three years or more since the benefits 

of certification may be negligible in the initial years. 

 

Issues 

 

FLO’s marketing team wants clear, unambiguous data that 

demonstrates the benefits of certification.  Some academics are 

critical of FLO’s M&E work as not rigorous enough. How can FLO 

sensibly use its own data and data from others and not be subject to 

accusations of cherry-picking their sample? 
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Discussion 

 

FLO does have some difficulties that may not be possible to 

overcome.  However there is some good news: FLO-CERT’s database 

will have some great information in it about certified producer 

organisations that can be used with caution.   

 

For some regions, countries and crops (e.g. Latin American coffee 

producers) there are likely to be sufficient data to be used for 

analysis.   

 

1. Analysis could be undertaken to see if there are significant 

differences between countries within those regions.  If 

there is no significant difference, analysis as a region could 

be considered carefully.   

2. Extraneous factors would need to be accounted for during 

data cleaning.  For example local inflation, commodity 

prices and changes in currency exchange rates would have 

to be accounted for before any analysis of impact of 

product prices and Fairtrade premiums.   Construction of a 

series of real local currency prices to convert prices and 

costs into constant currency units for each country / 

currency may be needed. Purchasing power parity (PPP) 

figures from a source such as the World Bank24 could be 

used to assist with this process.  

 

In other places (e.g. Pacific Island countries) there will be so few 

certificate holders that detailed analysis will not be possible.   

 

The problem of finding control groups is hard to overcome. One 

option may be working with other standards systems to compare 

those variables where there is no overlap between the certification 

requirements and/or best management practices (BMPs) in each 

system.  This will not eliminate the effect of certification per se on 

producer performance, but may allow two or more schemes to 

compare elements not in common.  (It also would allow schemes to 

say that there was, or was not a significant difference in outcomes 

for variables which the schemes shared in common.  There is a good 

case to use mixed methods here.  A mixture of qualitative surveys 

and quantitative data may yield acceptable results.   

For examples:  

1. Benefits accruing that are not related to sale of 

produce as not certified could be obtained by a series 

of interviews or focus groups.   

                                                           
24 See: http://go.worldbank.org/YVRZDKSAT0 

http://go.worldbank.org/YVRZDKSAT0
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2. Instead of using data from certified organisations and 

control groups to get averages etc., a set of model 

farms of each type could be generated from 

interviews with a range of certified and non-certified 

organisations.  A series of model farms are not a 

statistical representation, but a picture of a ‘typical’ 

unit – the ‘typical’ unit usually being developed by 

interview plus expert analysis25.  This approach would 

allow reasonable estimates of certification benefits 

not related to sale of certified product, and would 

allow use of non-statistical models of control groups. 

It could also contain estimates of barter and off-the-

books transactions to be included in the analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
25

 This approach is commonly used in economic analysis -  for example is New 

Zealand Ministry of Primary Industry (MPI) reports at http://www.mpi.govt.nz/news-
resources/statistics-forecasting/statistical-publications .  MPI describes its approach: “ 
Each model budget is representative of a farm type in a given region and is modeled on 
how a real farm would operate, as opposed to using an average of results from the 
monitored farms. Each model budget is then augmented with feedback gathered from 
regional industry meetings and other information sources to best represent the current 

situation and expectations in each region.” 

http://www.mpi.govt.nz/news-resources/statistics-forecasting/statistical-publications
http://www.mpi.govt.nz/news-resources/statistics-forecasting/statistical-publications
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8 Vocabulary 

Acceptance 

Sampling 

A sampling technique that could be used when a specific level of acceptable 

non-conformity has been set. (Usually applied to determine whether to accept 

or reject a production lot of material). 

Association 
Relationship between two groups where changes in one value occur along with 

changes to another value (no causal link may have been established). 

To attribute 

/attribution  

To regard something as being caused by.  In the case of standards systems the 

question of attribution is whether or not a particular output, outcome or impact 

can be regarded as being caused by the application of the standard system or to 

a related program undertaken by the standard owner. 

CAB Conformity assessment body 

CAD Conformity assessment data 

Causation 
Relationship between two variables where changes in the value of one variable 

cause the other value to change. 

Confidence 
Statistically, probability that a certain event has not been occurred due to 

chance. 

Confidence Interval 
An interval constructed from data in such a way that the probability that the 

interval contains the true value of the parameter can be specified. 

Confidence Level 
The percentage of all possible samples that can be expected to be within the 

confidence interval of the true population value. 

Conformity 

Assessment Data 
Level 1 data. 

Control Group A group with which a study group can be compared.  

Correlation 

A relationship between two groups where the values of a variable show a linear 

association with those in the other group. Two variables can be strongly 

correlated without having any causal relationship. 

Data Information, usually numerical, collected through observation. 

Data Comparability 
The extent to which differences between data from different groups are free 

from external factors such as location, season, etc.  

Data Quality 

Quality is a multi-faceted concept. The quality characteristics of most 

importance depend on the users’ perspectives, needs and priorities, which vary 

across groups of users. OECD suggest that there are seven aspects to data 

quality 

 relevance 

 accuracy 

 credibility 

 timeliness 

 accessibility 

 interpretability 

 coherence 

OECD Glossary of Statistical Terms, http://stats.oecd.org/glossary/index.htm  

accessed 8 February 2013 

http://stats.oecd.org/glossary/index.htm
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Descriptive 

statistics 
Statistics that describe or summarise a situation 

ECI Environmental / social condition indicator 

Environmental / 

social condition 

indicator 

Indicators that shed light on the scheme’s effectiveness and impacts on 

environmental and social conditions. ECI’s may be wider than just where the 

producers operate.  

 

Impacts 

Positive and negative long-term effects resulting from the implementation of a 

standards system, either directly or indirectly, intended or unintended. 

Impact indicators are also likely to be measured less frequently and may provide 

insight into the standard system’s efficacy and the validity of its theory of 

change. 

Indicator 

A chosen parameter that sheds light on a system’s outputs, outcomes or 

impacts. 

 

Inferential statistics Statistics that provide insight and facilitate decision making. 

ISO International Organisation for Standardisation. 

Level 1 Data 

Data collected by assurance providers during the assurance process.  This can 

include data collected in pre-audits, audits (including those with negative 

certification decisions), surveillance audits and other random or unannounced 

audits that are part of certification requirements or accreditation processes. 

Level 2 Data 

Collection of monitoring data by standards owners, or by others, from a sample 

of certified entities.  This is data collection that goes beyond that which may 

occur in assurance processes described in Level 1. It may be collected at the 

same time as Level 1 assurance processes or separately. 

Level 3 Data 

More detailed and extensive data collection including ‘case studies’ or studies  

of samples of certified/verified entities to provide in-depth analysis or 

evaluation against specific evaluation questions, and/or to validate or explain 

information derived from Level 1 or 2 activities.   

Margin of Error A measure of the uncertainty in an estimate of a parameter.  

Mean Mathematical average (sum of all values divided by the number of values). 

Median  The middle value in a range. 

Medium-term 

Outcomes 

Outcomes that cannot be monitored regularly.  These can include producer as 

well as environment and social condition performance. 

Mode The most frequently occurring value. 

Null Hypothesis 

A hypothesis established to enable a statistical test to be performed, The null 

hypothesis is typically that something is not present, that there is no effect, or 

that there is no difference between groups. If the null hypothesis is disproved a 

conclusion may be reached about a relationship between the data for two 

groups.  
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Outcomes 

The likely or achieved short-term and medium-term results from the 

implementation of a standards system. 

Short-term and medium-term outcome indicators are likely to be measured less 

frequently, and as part of separate data-gathering processes. They can help 

standard systems benchmark performance and gain understanding to help 

adjust their intervention theory.  

Outputs 

The products, capital goods and services which result directly from the activities 

of a standards system. 

Output indicators can generally be measured relatively readily, and are 

amenable to annual monitoring as part of or in combination with a regular 

assurance process.  

Parent Population A population from which a sample may be selected. 

PDCA Plan, Do, Check, Act. 

Population 
A collection of units being studied. Units can be people, locations, pH values, 

crop yields, or many other things. 

PPI Producer performance indicator. 

Producer 

performance 

indicator 

Indicator of performance of producers that allows changes to behaviour or 

performance to be measured. 

Random Sample 
A sample whose members are chosen at random from a given population 

allowing the chance of obtaining any particular sample to be calculated. 

Regression Analysis A statistical technique for estimating the relationships among variables. 

Sample A sample is a collection of units from a population. 

Scheme 

performance 

indicator 

Indicator of how well the scheme is performing. 

Sector performance 

indicator 

Indicator of how well the sector is performing allowing comparison to be made 

between the sector and the scheme. 

Short-term 

Outcomes 

Outcomes that can be monitored regularly, perhaps annually.  Generally these 

are related to producer performance. 

Significance 
Statistically, an indication of the likelihood of a finding not arising simply by 

chance. 

SPI Scheme performance indicator. 

Standard Deviation A measure of the variability within a data set. 

Stratified Sample A subset of a population, the sample based on a particular characteristic. 

TC Technical Committee; a committee of the ISO. 
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9 Recommendations for Further Reading and 
Information 

 

9.1 Accessible texts - all available online for free download or for less 
than £15 

Title Author Publisher 

Simple Statistics Frances Clegg Cambridge University Press 

Bad Science Ben Goldacre Harper Perennial 

How to Lie With Statistics Darrell Huff Penguin 

Thinking, fast and slow Daniel Kahneman Penguin 

Practical Acceptance 

Sampling: A Hands-On 

Guide 

Galit Shmueli 
Galit Shmueli  

Available at http://galitshmueli.com/  

Statistics without Tears: An 

Introduction for Non-

Mathematicians 

Derek Rowntree Penguin Science 

Teach Yourself Statistics Alan Graham TY Maths 

Introduction to Mixed 

Methods in Impact 

Evaluation 

Michael Bamberger 

InterAction and The Rockefeller Foundation 

Available at 

http://www.interaction.org/document/guidanc

e-note-3-introduction-mixed-methods-impact-

evaluation  

Linking Monitoring and 

Evaluation to Impact 

Evaluation 

Burt Perrin 

InterAction and The Rockefeller Foundation 

Available at 

http://www.interaction.org/document/guidanc

e-note-2-linking-monitoring-and-evaluation-

impact-evaluation  

Introduction to Impact 

Evaluation 

 

Patricia J. Rogers 

 

InterAction and The Rockefeller Foundation 

Available at 

http://www.interaction.org/document/introdu

ction-impact-evaluation  

Use of Impact Evaluation David Bonbright 

InterAction and The Rockefeller Foundation 

Available at: 

http://www.interaction.org/document/guidanc

e-note-4-use-impact-evaluation-results  

Principles of Good Impact 

Reporting 

Produced by a cross-

sector group 

Available at, e.g.  

http://www.acevo.org.uk/document.doc?id=17

31 

Talking results: Six tips for 

good impact reporting 

Produced by New 

Philanthropy Capital 

Available at: 

http://gi.philanthropycapital.org/howto/103/ta

lking-results-six-tips-for-good-impact-reporting 

  

http://galitshmueli.com/
http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-impact-evaluation
http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-impact-evaluation
http://www.interaction.org/document/guidance-note-3-introduction-mixed-methods-impact-evaluation
http://www.interaction.org/document/guidance-note-2-linking-monitoring-and-evaluation-impact-evaluation
http://www.interaction.org/document/guidance-note-2-linking-monitoring-and-evaluation-impact-evaluation
http://www.interaction.org/document/guidance-note-2-linking-monitoring-and-evaluation-impact-evaluation
http://www.interaction.org/document/introduction-impact-evaluation
http://www.interaction.org/document/introduction-impact-evaluation
http://www.interaction.org/document/guidance-note-4-use-impact-evaluation-results
http://www.interaction.org/document/guidance-note-4-use-impact-evaluation-results
http://www.acevo.org.uk/document.doc?id=1731
http://www.acevo.org.uk/document.doc?id=1731
http://gi.philanthropycapital.org/howto/103/talking-results-six-tips-for-good-impact-reporting
http://gi.philanthropycapital.org/howto/103/talking-results-six-tips-for-good-impact-reporting
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9.2 Online calculators  

 

Sample sizes, confidence levels, confidence intervals 

http://www.surveysystem.com/sscalc.htm 

Online calculators also exist for a variety of statistical tests and sampling techniques. 

 

9.3 Other useful information sources 

 

Title Author Publisher 

Real World Research  Robson, C. Blackwell Publishing 

Surveys in Social Research Davis de Vaus Routledge 

Principles of Applied Statistics, an Integrated 

Approach using MINITAB™ and Excel® 

Fleming, M.C and 

Nellis, J.G.  

Thomson 

Practical Statistics for Field Biology  Fowler, J., Cohen, L., 

Jarvis, P. 

Wiley 

Qualitative Data Analysis: An Expanded 

Sourcebook 

Miles, M.B. and 

Huberman, A.M. (1994) 

Sage Publications 

Social Research Methods Qualitative and 

Quantitative Approaches  

Neuman, W,L.  

 

Pearson Education 

Essential Skills for Management Research  Partington, D.  Sage Publications 

Research methods for business students Saunders, M., Lewis, P. 

and Thornhill, A. 

Pearson Education 

Interpreting Qualitative Data Silverman, D.  

 

Sage Publications 

ISO14031:1999 Environmental management 

– environmental performance evaluation – 

Guidelines 

 ISO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.surveysystem.com/sscalc.htm
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ISEAL and Impacts 

 

The ISEAL Alliance is committed to improving the 

effectiveness and increasing the impacts of sustainability 

standards. An important instrument for achieving this goal is 

the ISEAL Impacts Code. The ISEAL Secretariat actively 

supports members in implementing the Impacts Code and in 

establishing high quality and effective M&E systems. This 

guidance note is part of this effort. 

 

‘Sampling Strategies and Statistical Analysis for Use in your 

Monitoring and Evaluation System’ is part of a series of 

Guidance Notes touching on various dimensions of M&E 

system development. The series was prepared with the 

support of the Ford Foundation, as part of the 

Demonstrating and Improving Poverty Impacts project. 
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