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ABSTRACT 

The action research project, structured as a cooperative inquiry, examined whether 

the reliability of metal price forecasting could be improved using a collective decision-

making approach. Forecasting metal prices is a crucial practice for natural resource 

organizations that can impact their sustainability. The usual practice is for an 

organization to make metal price forecasts in isolation without the certainty that their 

predictions will be reliable. Prior research has advocated using a collective approach 

for determining a consensus outcome that captures the diversity of insights. As a 

collective decision-making approach, the Delphi Method uses an anonymous 

deliberation process, and usually, the consensus average is communicated through a 

moderator to surface a consensus over several cycles. Based on the Delphi Method, a 

cooperative inquiry as a case study approach was used to collect the metal price 

forecasts and supporting justifications from invited participants on a panel website that 

allowed asynchronous interactions. Secondary gold price forecasts were sourced from 

London Bullion Market Association's annual precious metals survey between 2000 

and 2020 to triangulate with the panel data collected. Collective decision-making can 

be divided into two elements, participation and aggregation. Participation deals with 

who is involved and how they interact to make the collective decision. Two generic 

methods can be identified, deliberation and collaboration. Deliberation combines 

participants' views to determine a consensus outcome that reflects the majority 

preference. Collaboration is more encompassing, aiming to share participants' insights 

and surface a consensus outcome that incorporates the prior insights and those that 

emerge from the participants' interactions. Aggregation, the second element in 

collective decision-making, concerns how the collective consensus outcome is 

determined. The common practice is to use the statistical average or median as 

representative of the majority view. As seen in prediction markets, an alternative 

aggregation method is the market price mechanism to determine the outcome. All the 

metal price forecasts sourced were analyzed quantitatively to evaluate the reliability 

of an individual participant compared to the consensus median. The forecasters' 

justifications from the two data sources were qualitatively analyzed to examine if 

keywords could be used to identify reliable forecasts. The outcome of the quantitative 

analysis was neither an individual nor the consensus median was consistently a reliable 

forecast. Depending on the market metal price direction, for declining metal prices, 
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the lower quartile, and rising metal prices, the upper quartile represented a more 

reliable aggregated consensus estimate. The qualitative analysis from both forecasting 

forums showed a poor relationship with forecasting reliability. The keyword usage 

among forecasters was high, indicating the use of common justification for the forecast 

made. In evaluating the outcome reliability of the cooperative inquiry, the possibility 

of structuring the forecaster's inputs metal price and keywords as probabilities were 

proposed. Given the importance of correctly predicting the future metal price direction, 

it is recommended to focus the explanations provided on the anticipated market price 

direction. Reciprocity was identified as an essential motivation for obtaining 

participation and continued contributions from participants and is a factor to consider 

in future related research. 
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CHAPTER ONE - INTRODUCTION 

1. Introduction 

Natural resource organizations sell their mine production at prices linked to the 

market metal prices. The primary metal producers do not know in advance what the 

future market metal prices will be when they expect to make further metal sales. The 

future market metal prices will depend on the subsequent transactions of thousands of 

buyers, sellers (including the primary producers), traders, and speculators on the 

international commodity exchanges. Despite natural resource organizations' 

uncertainty about future metal prices, they must still make regular metal price forecasts 

for short-term operational decisions and longer-term strategic purposes. On occasion, 

the metal price forecasts made within the natural resource sector have not materialized 

as expected, resulting in significant adverse impairments for these organizations (PwC, 

2021). Making metal price forecasts in the natural resource sector opens the possibility 

of improving the estimates’ reliability by considering an alternative workplace 

approach that utilizes diverse opinions (Armstrong, 2001a; Batchelor and Dua, 1995). 

Are there wise metal price forecast gurus who know all, or is this a task better 

performed collectively by multiple experts? 

When making judgmental forecasts dependent on a myriad of intervening 

influences, the forecaster cannot be sure of anticipating all the events that cause the 

outcome. A similar challenge of trying to foresee all unknown future events exists 

when forecasting metal prices. The information influencing future metal prices is 

emerging, as opposed to the historical and known information that underpins the 

current market metal prices (Fama, 1970). The information determinants of present 

versus future metal prices reflect a contrast of market participants' available 

information and expectations of prospective market participants about forthcoming 

events that are not certain to occur. The information dichotomy between the currently 

known and possible future events creates the opportunity to leverage various collective 

insights to more informed consensus metal price forecasts. Could including 

participants with diverse expectations potentially lead to more reliable metal price 

forecasts for natural resource organizations? 

The theory underlying collective wisdom is premised on the concept that by 

accessing a diversity of insights from multiple participants, the consensus outcome can 



14 

exceed the reliability of most group members because the resulting aggregated 

estimate includes more insights (Armstrong, 2008; Batchelor and Dua, 1995; Hong 

and Page, 2012; Landemore, 2012a). Collective decision-making can be distilled into 

the fundamental elements of accessing and aggregating diverse insights. Accessing the 

participants' insights relates to who participates and to what extent the group members 

interact in determining the consensus outcome. Aggregating the participants' estimates 

refers to how involved the group members are in choosing the aggregation process and 

what constitutes the agreed aggregated consensus outcome. Each of these elements has 

alternative approaches, which may affect the reliability of consensus outcome, 

requiring consideration when structuring a collective decision-making approach. An 

implicit underpinning for collective wisdom is the expectation that the group members 

participating are "wise" (Andler, 2012; Flyvbjerg et al., 2012; Page, 2007; Rowe and 

Wright, 2001; Surowiecki, 2004; Tetlock and Gardner, 2016). What constitutes 

wisdom, who should participate, the nature of interactions between group members, 

and the aggregation method occurs in the collective wisdom literature (Andler, 2012; 

Armstrong, 2001a; Aristotle and Everson, 1988; Baker, 1976; Galton, 1907a; Hong 

and Page, 2012; Landemore, 2012a; Rowe and Wright, 2011; Sunstein, 2006). 

Accessing the participants' views could range from passive to active and repetitive 

interactions during the collection phase of the group members' estimates. For passive 

interactions, deliberation would be an individual activity informed by the participants' 

current views. As the group interactions become more active, the prior opinions of 

group members could be altered by the insights shared during their joint deliberation. 

When the participants' interactions tend towards active and repetitive, the group 

members would likely aim through collaboration to achieve a consensus outcome 

mutually agreed upon by the majority of participants. Essential aspects concerning 

participants' interactions are the possibilities of undue influence by some group 

members, the inherent biases of participants, and participants' willingness to be 

informed by other group members' insights (Bazerman and Moore, 2008; Drummond, 

2001). From a consensus metal price forecasting perspective, it opens the question of 

how significant the degree and timing of interactions are to the reliability of consensus 

metal price forecasts. 

A process for aggregating the group members' views is required when combining 

the estimates of multiple participants to determine a consensus outcome. As with the 
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case of interactions, this could range from passive to active involvement of the group 

participants. In many instances of collective decision-making, the consensus outcomes 

are calculated as either the statistical average or median of participants' views, 

reflecting a passive involvement of the group members in the aggregation process. In 

a variation of the typical passive average and median aggregation approaches, the 

threshold for reaching a group consensus can be set at a level either below or above 

the central statistical measures to consider the views of minority stakeholders. The 

departure from the usual main statistical measures reflects a greater degree of 

involvement by the group members in deciding the consensus outcome, albeit 

calculated similarly to the statistical average or median. Under those circumstances, 

when the extent of interactions between group members is active and repetitive, the 

consensus outcome could be a negotiated compromise of their views, reflecting a 

collective result acceptable to most participants. From a consensus metal price 

forecasting perspective, it opens the question of the importance of allowing repetitive 

interactions to reach an agreed consensus outcome versus taking an aggregate 

statistical measure as the most reliable estimate of the group members' views. 

The Action Research (AR) project underlying this thesis was structured as a case 

study investigating the aspects influencing collective decision-making identified from 

the relevant literature. Participants were invited to submit metal price forecasts over 

six months on a consensus forecasting panel, to investigate the viability of using a 

consensus approach for forecasting metal prices as an alternative workplace practice 

in the natural resource industry. The forecasting results of the consensus panel were 

triangulated with a similar analysis of the gold forecasts from the annual London 

Bullion Market Association precious metals survey (LBMA-PMS) over twenty years. 

The AR project's findings showed participants' low willingness to be influenced by 

other group members' views, possibly implying participants favored their insights 

when making metal price forecasts. As far as the aggregation of the participants' 

estimates was concerned, the findings of the action research project indicated either 

the lower or upper quartile were more reliable consensus predictions of expected metal 

prices, depending on the future direction of the market metal prices. As a pilot case 

study, the findings of the AR project are not generalizable, requiring further related 

consensus forecasting analysis and research to verify the reported results of this thesis. 

Anchoring bias may explain participants' preference to rely on personal views when 
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making decisions on metal price forecasts, perhaps indicating the solution, as 

presented in this thesis, is to focus on diversity through sourcing and combining 

multiple estimates. Traded markets are directional, down, neutral, or up, so the 

proposed alternative use of the lower or upper quartiles as more reliable consensus 

aggregation measures is logical. The issue is more when the central statistical measure 

will be the best. 

1.1. Statement of the Problem 

When market participants decide on an outcome, the possibility that any participant 

could have complete insight into the planned prior actions of all other market 

participants is improbable. The emergence of metal prices can be seen from a relativist 

ontological perspective, based on the ongoing market interactions representing a 

socialist constructionist epistemological perspective (Easterby-Smith et al., 2012). 

Commodity price forecasts are a crucial input variable in the planning and operation 

of natural resource organizations. Given the importance of metal price forecasts, 

mining organizations often source metal price estimates from third-party research 

organizations to have another perspective to supplement their internal projections.  

Some organizational future metal price estimates combine other sourced estimates 

determined using alternative approaches, with the final forecast compiled by applying 

an aggregation method chosen by the organization. As the predictions are a 

culmination of the thought processes of several people, albeit with varying degrees of 

participation and sometimes aided by internal statistical analysis, the final derivation 

of the metal price forecast effectively reflects the perspectives of all the people 

involved aggregated into a consensus prediction. The use of aggregated consensus 

estimates is not an unusual practice in the mining industry, but seldom are such 

forecasts derived through open discussion and debate among industry experts 

supplying the prediction.  

For organizations using multiple forecasts from either internal or external sources 

or both, the consensus metal price determined through the organization's decision-

making process will have given different emphasis to the various sourced estimates, 

with the outcome a combination of all the views and insights of the industry experts 

considered. Despite the consensus metal price determination, the probability of 

specific organizational predictions proving repeatedly reliable is not insured, 
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particularly under high metal price volatility and for longer-term forecasts. Some 

organizations may be more capable than other market participants in forecasting metal 

prices. Still, such a positive trend is unlikely to be consistently maintained in an 

environment with many exogenous influencing factors.  

The question arises, could the Consensus Metals (CM) panel participation be 

reduced without compromising the reliability of the estimate by avoiding the 

“uninformed crowd” and explicitly focusing on the unique insights of a select diverse 

group of industry experts (Page, 2007; Surowiecki, 2004)? Select a small group of 

industry experts who understand the metal market dynamics and encourage them to 

share their insights on a consensus survey panel to collectively surface metal price 

forecasts that are more reliable than their individual estimates. Focusing on industry 

experts with unique and divergent insights while fostering their interaction to instigate 

joint reflection and action on a consensus survey panel could surface more reliable 

forecasts for the participants' mutual benefit. Their collective actions and reflections 

combine their shared insights to reduce the probability surrounding uncertain future 

metal prices. Historical precedents of combined or consensus forecasts proving more 

reliable than individual estimates over repeated events have given rise to the research 

on the “wisdom of crowds” (Armstrong, 2001a; Batchelor and Dua, 1995; Hong and 

Page, 2012; Surowiecki, 2004). The Action Research (AR) project aimed to evaluate 

whether a similar collective approach could be used in the natural resource industry to 

improve the reliability of metal price forecasts influencing their organizations' 

decisions. Could a collective method for combining multiple estimates from several 

organizations yield a more reliable metal price forecast than the specific estimate of 

one organization? 

1.2. Workplace Context of the Problem 

As a business consultant in the natural resource sector, my prior experience 

included the usual industry tasks where reliance was placed on forecasted metal prices. 

Mining organizations make long-term investment decisions based on an expectation 

of future metal price levels. The future metal price levels impact the expected 

economically recoverable minerals, the investment pay-back period, and the net 

present value (NPV) of discounted future cash flows. Mining organizations also 

prepare annual budgets to plan debt repayments and provide markets with indications 

of expected earnings and dividends based on forecasted future metal prices. For those 
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industry experts working in the natural resource sector and involved in some or all the 

mentioned activities, it requires making or sourcing metal price forecasts as part of 

their workplace responsibilities. Given the importance of the sustainability of the 

mining organizations and the low likelihood of always correctly forecasting metal 

prices, which can be attested to from personal experience, it was considered a 

workplace activity that called for further research. The AR project aimed to evaluate 

the possibility of collectively making reliable metal price forecasts. Recognizing the 

limitations of a specific expert’s insights could be overcome by tapping into the 

knowledge of multiple industry experts and pooling their expectations to surface 

consensus metal price forecasts for their collective benefit.  

The motivation for considering a collective consensus approach arose from two 

events around the same time. I was advising a client on the sale of an interest in a joint 

venture mining project, with the primary value debate focused on the forecasted metal 

prices for the life of the mine. The buyer’s advisors decided to use several industry 

metal price forecasts, using the median of the sourced forecasts as the most reliable 

estimate (Galton, 1908; Levy and Peart, 2002). It was impossible to argue the approach 

advised, as the practice was typical within the mining industry, and the forecasts of the 

two transacting parties were significantly different. The metal prices were recovering 

from a price slump but had not increased significantly.  

During the DBA coursework, the topic of biases was discussed. In the literature 

reviewed, mention was made of experiments in which the average of a group would 

surpass that of the individual participants’ accuracy (Bazerman and Moore, 2008; 

Drummond, 2001). Surowiecki (2004) cited the aggregation accuracy phenomenon in 

“The Wisdom of Crowds: Why the many are smarter than the few and how,” leading 

me to question the relative accuracy of the metal price forecasts used in the mining 

deal. About a year after the sale, the metal prices exceeded the consensus median used 

in the final valuation. The actual outcome went counter to the expectation of the 

literature on consensus estimates. However, the forecasts were more accurate than 

those of both parties. The assumption was that the limited data of one transaction was 

not representative of the concept of consensus forecasts. If collecting metal price 

forecasts over several periods were repeated, the consensus median or average's 

reliability would be the most reliable, as predicted in the relevant literature. 
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The AR project was conceived to collect metal price forecasts from industry 

experts to test the assertion that consensus metal price forecasts can be more reliable 

over multiple forecasting periods, as it potentially pertains to use by mining 

organizations. The expectations were that the reliability of the collected predictions 

could be used to measure the reliability of the consensus average against the 

subsequent actual market metal prices. Conceptually, the idea for the AR project was 

simple, but the actual implementation proved to be more complex. For the AR project, 

certain aspects required consideration to ensure the outcome yielded verifiable results 

that could be replicated consistently as a sustainable business practice.  

Frequently in metal price surveys, it is recognized that metal prices vary over time, 

so participants are asked to provide their minimum, maximum, and average metal price 

indications for the forecasting period. Some forecasters prefer to indicate ranges when 

making forecasts, as they base their estimates on the possibility of certain events 

occurring. The value of consensus measures, such as the average and the median, is 

associated with aggregating diverse opinions to achieve a consensus result that reflects 

collective insights. To address the preferences of the forecasters, and enhance the 

information collected, the possibility of using probability distributions needed to be 

considered instead of point estimates. A further consideration when collecting metal 

price forecasts was whether the rationale of the forecasters for their projections should 

be included in the AR project data collected. The literature supported the supposition 

that requiring explanations reduced the extent of the participants' biases. An aim in 

collecting metal price forecasts to aggregate and calculate either an average or median 

was to ensure diversity of opinions to limit the possibility of groupthink (Janis, 1973). 

For the forecasting process to include diverse participants, it needed to allow for 

asynchronous forecasting, allowing multiple forecasters to take part at a convenient 

time.  

In the final structuring of the AR project, the issues of how the metal prices forecast 

collected would be structured, either as point estimates or as probabilities distributions, 

and whether required justifications for the forecasts submitted needed to be decided. 

The structural elements had to be considered as a balance between imposing on the 

participants and collecting data that could lead to reliable metal price forecasts, 

recognizing the research aimed to find an alternative workplace practice. It was also 

hoped the results from the AR project could be used within my consulting practice to 
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provide a better service to existing clients and attract some new clients through the 

reliable metal price forecasts the approach could yield. 

1.3. Action Research Approach for Solving the Problem 

The AR project evaluated the possibility of sourcing aggregated consensus metal 

price estimates that could be used in the workplace as reliable forecasts, either in 

conjunction with or as an alternative to existing practices (Coghlan, 2007; Coghlan 

and Brannick, 2014). Based on my prior experience of making metal price forecasts 

for use by clients within my consultancy practice or sourcing consensus metal price 

estimates from third parties for specific projects, the reliability of the forecasts has 

proven concerning. The metal price forecasts I had made alone were prone to my 

personal biases, explaining their inconsistent reliability (Bazerman and Moore, 2008; 

Drummond, 2001). Conversely, the third-party consensus metal price forecasts 

sourced should not have been as influenced by bias, and through aggregating the 

individual estimates, the combined consensus median or average should have been 

reliable (Armstrong, 2001a; Galton, 1907a; Hong and Page, 2012; Levy and Peart, 

2002; Surowiecki, 2004). Somewhere between the theory of aggregation reliability 

and the actual outcome of the practice, some elements were not ensuring the approach's 

effectiveness.  

Consider that some of a consensus approach's elements can influence the estimates' 

reliability. In that case, it requires identifying the main structural aspects to consider 

their possible impact. Two primary contributing factors are seen as the most significant 

in the reliability of consensus estimates: the forecast's quantification and the rationale 

for the predictions. 

In a forecasting competition, there are going to be winners and losers. The 

implication is that not all forecasters are equally capable, and the outcome will depend 

on the most competent experts. There are three factors underlying the assumption of 

individual superiority. The most obvious is the requirement that the best expert is a 

group member making a forecast. Secondly, the expert's opinion will be the deciding 

forecast. Thirdly, the other group members' forecasts will be dispersed and linked to 

the preceding two issues. The positive and negative forecasting errors offset each 

other, leaving the expert's forecast as the outcome. The presumption of individual 

ability exceeding the joint capability of several group members when making 
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judgmental metal price forecasts contradicts the prevalence of consensus forecasts in 

practice provided by institutions such as Consensus Economics (2020) and Thomson 

Reuters GFMS (2020). A consensus aggregation approach opens the possibility that 

the forecasts of the less accurate group members are not evenly distributed around the 

winning expert's prediction. An alternative possibility is that the most reliable forecast 

does not come from the same expert on all occasions. Suppose the forecasting errors 

are not evenly distributed, and the most reliable forecaster is uncertain. In that case, it 

opens the possibility that a consensus approach might be more reliable than an 

individual expert. 

When identifying an expert in making metal price forecasts, there is an assumption 

the individual has unique insights that allow them to make reliable forecasts. It 

presumes the individual can communicate the insights to others, allowing them to 

appreciate the wisdom of the expert. Ascribing unique insights to experts assumes that 

their reliable forecasts were not just lucky guesses but that they have specific 

knowledge linked to their capabilities. The expert's unique insights would allow them 

to make better-informed judgments than other forecasters, reflecting Hayek's (1945) 

idea of market efficiency based on special circumstantial knowledge. An assumption 

of all-knowing is disproven by markets where successful traders do not dominate over 

unsuccessful traders continually, reflecting that experts cannot always have complete 

knowledge. The implication is that experts have unique insights sometimes that make 

them more reliable forecasters than others on occasion, but not always. Experts can 

both inform the actions of others by communicating their insights and learning from 

the wisdom of others to inform their actions. The outcome of all participants' actions 

could be better informed through interaction. 

Consensus metal price forecasts are available in practice but are not as widely used 

as expected. After researching the issues that may be limiting the reliability of 

consensus forecasts, some aspects could be addressed to improve their reliability. How 

do you collect, aggregate, and distribute consensus metal price estimates among the 

contributing participants, based on accessing and sharing their combined expertise, to 

improve the reliability of the metal price forecasts available for use in their workplace? 

The challenge is structuring the AR project to quantify the metal price forecasts of 

several industry experts while simultaneously collecting and sharing their expertise to 

inform other participants' contributions, resulting in a reliable consensus estimate. 
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Fundamental to the AR project's aim of making reliable consensus metal price 

forecasts available to industry experts is the understanding that the approach is based 

on their collective contributions. The AR project recognizes that each participant 

contributes to the consensus metal price estimate and is a beneficiary by being able to 

use the outcome in their workplace. In making their contributions to surface a reliable 

consensus metal price estimate, the participants each have an equal status relative to 

their cohorts. The AR project aims to find a metal price forecast representing a 

workable alternative to their workplace practices. Essential to the aims of the AR 

project is the recognition that no industry expert can have complete insight into all the 

influencing factors affecting future metal prices. It is through observing the wisdom of 

other contributors that it can inform their subsequent actions. Based on the insights 

gained from the group interactions, the cycle of forecasting, observing, reflecting, and 

forecasting again is limited to the participant's choice. 

Considering the aims of the AR project, the purpose of the participants' 

interactions, and how they interacted, it posited the AR project within the modality of 

being a cooperative inquiry. The AR project was undertaken "with people" 

experiencing a similar challenge to find a workable alternative "for the people" 

involved to apply in their workplace in the future (Heron and Reason, 2008). 

• The participants on the CM panel had a shared requirement to identify a workable 

alternative metal price forecast. 

• Each participant on the CM panel was an equal co-subject in making forecasts and 

being able to observe, reflect, and make subsequent forecasts based on their 

experiences on the CM panel. 

• Despite the intended aim of the AR project of identifying a reliable alternative 

consensus metal price forecast for use in practice, no assurance was given or taken 

by the participants that the outcome would meet their expectations by participating 

on the CM panel. 

The structure of the CM panel looked to investigate the two aspects of using 

consensus metal price estimates in the workplace. None of the participating experts on 

the CM panel were considered to be the sole expert. The participants on the CM panel 

could observe, reflect, and act based on the actions of their cohorts in repeated cycles 

as they chose (Coghlan, 2007; Coghlan and Brannick, 2014). The CM panel structure 

aimed to facilitate active collaboration between the forecasting participants. 
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Regardless of the level of collaboration observed amongst the CM panel participants, 

the AR project looked to investigate the reliability of aggregated consensus metal price 

estimates. The AR project focused on identifying a feasible alternative workplace 

practice without excluding approaches that did not fit an expected level of 

collaboration. 

1.4. Overview of Thesis 

This thesis has five chapters, as follows: 

• Chapter One (Introduction) outlines the research area, the motivation underlying 

the AR project, and an overview of how the AR project was undertaken. 

• Chapter Two (Literature Review) discusses the theoretical foundations of 

collective decision-making which underpins the AR project and proposes a 

classification framework for assessing the nature of consensus decision-making.  

• Chapter Three (Research Methodology) describes the epistemological and 

ontological assumptions framing the AR project and explains the AR project as a 

cooperative inquiry within the AR arena. The research design, methodology, and 

data collection processes are described. 

• Chapter Four (Results & Findings) discusses the quantitative and qualitative data 

analysis, the research findings, and the conclusions drawn from the AR project’s 

results. 

• Chapter Five (Conclusion) concludes the thesis with a review of the AR project 

and findings, discusses the actionable knowledge learned from the AR project, and 

considers possible further actions that could be taken based on the AR project. 

  



24 

CHAPTER TWO – LITERATURE REVIEW 

2. Literature Review 

2.1. Introduction 

The theory underlying collective decision-making dates to Aristotle's 4th century 

BC summation argument that "many are better judges than a single man" for "among 

them they understand the whole" (Aristotle and Everson, 1988, pp.66). The 

phenomenon of considering the opinions of many participants to determine a 

consensus estimate is observable in the modern-day practices of numerous institutions 

where the outcome relies on the views expressed. For example, reporting expected 

results for political elections by polling institutions such as Rasmussen (2021) that 

combine the opinions of many participants who had limited or no direct shared 

interactions. Similarly, the consensus earnings forecasts for organizations are widely 

reported in the financial markets by news services such as Thomson Reuters GFMS 

(2020), reflecting the opinions of multiple analysts who acted independently. A 

question that underlies the use of consensus results is whether the outcome could be 

improved through the prior deliberation by the participants of their insights. 

Alternatively, can the practice of aggregating the independent opinions of participants 

without them interacting yield a reliable consensus estimate?  

In the first decade of the 21st century, collective decision-making was popularized 

by the publication of books such as: 

• “Smart Mobs: The Next Social Revolution” (Rheingold, 2002). 

• "The Wisdom of Crowds: Why the Many Are Smarter Than the Few and How 

Collective Wisdom Shapes Business, Economies, Societies, and Nations" 

(Surowiecki, 2004). 

• “Deliberation Day” (Ackerman and Fishkin, 2005). 

• "Infotopia How Many Minds Produce Knowledge" (Sunstein, 2006). 

• "The Difference: How the Power of Diversity Creates Better Groups, Firms, 

Schools and Societies" (Page, 2007). 

The phrase "the wisdom of crowds" became more commonplace following the 

publication of Surowiecki's book and started to appear in the academic literature 

concerning stock market returns (Chen et al., 2013; Da and Huang, 2018; Ready-
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Campbell and Hill, 2011; Lee et al., 2016; Hong et al., 2016). In 2006, Howe coined 

the phrase "crowdsourcing," a portmanteau of crowd and outsourcing, to reflect the 

growing significance of online collaboration for solving problems (Brabham, 2013). 

Prediction markets based on the market pricing mechanism for forecasted future events 

came to the fore through forums such as the Iowa Electronic Market, established in 

1998 (IEM, 2019). For 41 elections held in 13 countries between 1988 and 2000, the 

Iowa Electronic Market achieved a lower average absolute error rate (1.54%) than the 

average of the comparative election polls (1.91%) (Berg et al., 2008). Estimize (2020), 

an online forum for sourcing financial forecasts, was founded in 2011, building on the 

concept of accessing the "wisdom of the crowd" by using a crowdsourcing approach 

(Drogen and Jha, 2013). From the early collective decision-making discussions of 

Aristotle to the more recent "wisdom of crowds" and "crowdsourcing" practices, the 

underlying theory has been researched to explore further the elements of access to and 

aggregation of the participants' contributions and what constitutes "wisdom" in the 

context of determining a consensus outcome (Armstrong, 2008; Batchelor and Dua, 

1995; Galton, 1907a; Landemore, 2012a; Page, 2007; Sunstein, 2006; Surowiecki, 

2004; Tetlock and Gardner, 2016).  

Participation by participants in a collective decision-making process is broadly 

referred to as access, relating to all the actions their participation allows and imposes 

on them as group members. Access includes, among other things, the following 

aspects: 

• Who is allowed to participate in the collective decision-making process. 

• How the group members interact to share their insights and jointly reflect on the 

group's interactions. 

• The ability of participants to influence other group members.  

• The nature of the relevant insights held by individual participants relative to the 

collective decision the group is aiming to make. 

•  The impact of a leadership role by one participant relative to the other group 

members participating in the collective decision-making process. 

Access can range from limited to significant group cooperation for collectively 

achieving a consensus outcome. At the lower range of cooperation, participation is 
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more akin to a "crowd" survey than a group explicitly working together to achieve a 

result. For example, when casting votes in an election, the outcome reflects the 

collective decision of the group acting independently rather than a combined effort by 

the voters to cooperate and act in a specific coordinated manner. Typically, 

participation is open to many participants, and the group's interactions before the 

collective decision-making are limited, other than canvassing by a leader to gain the 

votes of group members (Baker, 1976; Galton, 1907b; Mueller, 2003). The 

deliberation about the collective decision under consideration is more prone to be a 

personal reflection of the individual participants about their preferences rather than 

based on their shared interactions. The collective decision-making with minimal 

shared deliberation and intra-group influences will reflect the summation of the 

participants’ opinions while surfacing limited new information (Aristotle and Everson, 

1988; Batchelor and Dua, 1995; Keyt and Miller, 1991; Waldron, 1995). Participation 

is not dependent on the "wisdom" the group members can contribute to the collective 

decision-making outcome; instead is determined by their right to participate (Baker, 

1976). It is well suited to situations with few outcomes and usually in which the 

participating group members have a vested interest, such as the elections discussed by 

Condorcet (Baker, 1976; Mueller, 2003).  

If the group members' actions are to deliberate their choices, the collective 

decision-making approaches with low levels of collaboration can more appropriately 

be seen as individual deliberation with summation (Aristotle and Everson, 1988; Hong 

and Page, 2012; Sunstein, 2006; Tetlock and Gardner, 2016). For the participants, it is 

more like sense-making of their choices by cross-referencing other views rather than 

surfacing new collective “wisdom” (Argyris, 1977; Weick, 1988). The consensus 

outcome represents the summation of dispersed opinions into a single collective group 

estimate, i.e., summation (Galton, 1907a; Keyt and Miller, 1991; Surowiecki, 2004; 

Waldron, 1995).  

When the selection of group members participating is restricted to only those 

perceived as having some "wisdom" about the collective decisions to be made, the 

participating group size can be smaller (Armstrong, 2001a; Batchelor and Dua, 1995; 

Surowiecki, 2004; Tetlock and Gardner, 2016). With the reduced number of 

participants because of their specific expertise, the level of interaction between the 

group members can be expected to be more extensive, and their reflections on the 
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group members’ shared insights more significant (Argyris, 1977; Coghlan, 2007; Page, 

2007; Revans, 1998). Examples of situations that exhibit more significant levels of 

interaction and deliberation when making collective decisions are committees, such as 

a board of directors and juries (Rijshouwer, 2019; Sunstein, 2006; Surowiecki, 2004). 

Although the interaction between participants is more significant, the interactions of 

the group members are typically aimed at agreeing or disagreeing on a limited number 

of alternatives, e.g., invest or not, guilty or not guilty. The role of the group leader is 

to allow the group members to deliberate their shared insights and, if necessary, have 

a deciding vote in achieving a definitive consensus outcome. The group aims to 

deliberate the identified possible outcomes jointly rather than for the group members 

to collaborate in exploring new alternatives. The potential benefit of collective 

deliberation when making a decision was identified by Ackerman and Fishkin (2005) 

and Schkade et al. (2007) as an opportunity for improving group decisions. Despite 

the group members' more significant interactions, the participant's actions and the 

group's functioning are primarily to deliberate on specific alternatives and reach a 

consensus outcome based on a summation process predefined by the group or its 

convener.  

In some collective decision-making situations, the group members must deliberate 

on all possible alternatives jointly. The consensus outcome represents the collaborative 

outcome of their shared insights and reflections. In the everyday instances of collective 

decision-making, the group members have limited interactions and sharing of views. 

The consensus outcome represents an aggregation of their opinions relative to a 

predefined threshold, e.g., a simple majority. Suppose the level of collective 

deliberation between participants is more encompassing. In that case, their 

collaboration will aim to explore all possibilities and agree on a consensus outcome 

reflecting their shared opinions. In practice, the functioning of a jury that strives to 

reach a unanimous verdict is an example where the result could surface other 

alternatives (Sunstein, 2006; Tetlock and Gardner, 2016). For Hayek (1945), the 

functioning of the market price mechanism is similar to a collaborative consensus 

outcome, factoring in the participants' opinions to realize a market price that is 

potentially different from the participants' expectations.  

For collective decision-making, how the group members’ opinions are aggregated 

to reach the consensus outcome forms part of the access aspect for the participants. 
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Regardless of the levels of deliberation amongst the participants, the collective 

decision-making approach aims to aggregate their individual opinions to report an 

aggregated consensus outcome. In many instances of collective decision-making, the 

group members' opinions aggregation occurs without the participants having had any 

control or input about the aggregation process, e.g., the winner in a political election. 

With smaller groups that have selective access, the level of deliberation is likely to 

increase, opening the possibility that the participants may have some control over how 

the aggregated consensus outcome is determined. For the selective collective decision-

making groups, the threshold set for a consensus outcome could be predefined by the 

group convener with possible input from the group members. For example, the articles 

of association for some organizations require a minimum of three-quarters of 

shareholders to vote in favor of specific corporate resolutions. Regardless of the 

aggregated threshold necessary to achieve a consensus outcome, the role of the 

participants in the aggregation process is passive, as the mechanism is predetermined. 

The market price mechanism, as described by Hayek (1945), represents an 

aggregation of the choices of dispersed market participants without them specifically 

interacting to achieve a consensus outcome reflected in the ruling market price. The 

interactions of the sellers and buyers influence the market price, with the participants 

able to choose to take part in the group (market). The buyers are dependent on the 

sellers to sell. Similarly, the sellers depend on the buyers to buy, reflecting the 

collaboration necessary by the participants for the group's effective functioning. 

Although the market participants' motivations may differ, a consensus outcome can be 

achieved only through the group members' interactions. The information 

communicated through the market price informs the participants’ deliberations while 

more fundamentally being the ongoing aggregated consensus outcome of the 

participating group members. A collective decision-making process relies on the group 

members interacting collaboratively based on their dispersed information to achieve a 

consensus outcome. For the group members on a jury, a project, or negotiating team, 

to achieve a consensus outcome, the participants have to interact and deliberate on the 

shared opinions of the group members. In these specific group situations, the 

consensus outcome is more prone to a negotiated compromise than an aggregation of 

views. 
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Collective decision-making can be distilled down to the two elements of 

participants’ interactions and aggregating their choices to reach a consensus outcome. 

For making decisions collectively, how these elements are structured has a bearing on 

the approach taken and the involvement of the participants in achieving a consensus 

outcome. For the users of the consensus results, how the two elements are structured 

represents a balance between the resources and time available and the reliability of the 

consensus outcome achieved (Armstrong, 2008). A distinction is drawn between the 

collective decision-making participants' role and the consensus outcome's 

determination. When the group participants have a passive role in determining the 

aggregated consensus outcome process, the collective decision-making approach is 

classified as deliberation, reflecting their input in surfacing but not determining the 

aggregated consensus outcome. Deliberation broadly represents the participants' 

preferences among predetermined choices (Ackerman and Fishkin, 2005; Aristotle and 

Everson, 1988; Galton, 1907a; Hong and Page, 2012; Surowiecki, 2004; Sunstein, 

2006). In some instances, the aggregated consensus outcome cannot be achieved 

without the involvement of the group participants or could be seen as explicitly 

emanating from their mutual interactions. The difference versus deliberation is the 

active involvement of the group members in the aggregation mechanism, reflecting the 

need for the group members to collaborate to achieve a consensus outcome (Brabham, 

2013; Hayek, 1945; Rijshouwer, 2019; Sunstein, 2006; Tetlock and Gardner, 2016).  

Figure 2-1 illustrates the two elements across different settings for making collective 

decisions and how the participants’ involvement differs between deliberation and 

collaboration. 
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Figure 2-1 Collective Decision-Making Classification 

The literature review explored the contrast between deliberation and collaboration 

and the aggregation process to achieve a consensus outcome. The Delphi Method and 

crowdsourcing are reviewed as collective decision-making approaches that involve 

more significant levels of collaboration to reach a consensus outcome, epitomizing the 

idea of obtaining greater access to “the collective wisdom of the crowd” (Brabham, 

2013; Rowe and Wright, 2001; Sunstein, 2006; Surowiecki, 2004; Tetlock and 

Gardner, 2016). Groups involving broad participation in joint decision-making reflect 

the anticipated collaboration of the various action research modalities (Coghlan, 2007; 

Coghlan and Brannick, 2014). 

2.2. Deliberation – The Foundation for Collective Decision-Making 

The concept of deliberation by many participants to achieve an outcome 

considered better than that of individuals deciding alone is associated with the ancient 

Greeks, such as Aristotle. The following quote from Aristotle epitomizes the rationale 
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for collective wisdom and is widely seen as a justification for joint decision-making 

by groups:  

“For each individual among the many has a share of excellence and practical 

wisdom, and when they meet together, just as they become in a manner one man, who 

has many feet, and hands, and senses, so too with regard to their character and 

thought. Hence the many are better judges than a single man of music and poetry; for 

some understand one part, and some another, and among them they understand the 

whole.” (Aristotle and Everson, 1988, pp.66). 

The argument for the superiority of collective wisdom has been called the " 

summation argument” (Keyt and Miller, 1991, pp.270). Waldron (1995, pp.569) 

criticizes Keyt and Miller’s “summation argument” as the aggregation of “random and 

unordered collection of experiences” that compares individual capabilities rather than 

being their collective wisdom. The superiority of a group collaboration involves 

deliberation and aggregation of their collective wisdom, instead of everyone only 

reporting their insights without any “summation” process. For Cammack (2013), the 

“rule of the multitude” where individual virtue is aggregated is “amplified when they 

act collectively,” as they are less easily swayed than individuals or small groups. 

Aristotle’s argument of crowd superiority is that individuals acting alone are less 

virtuous (arête), giving rise to biased judgment, inferring a balancing mechanism 

exists within a collective decision-making process. Cammack (2013) explains the 

collective synergistic benefit as joint deliberation brings out the best in people because 

of emotional factors such as rivalry and social conformity. They wish to be admired 

rather than gain additional knowledge. 

Waldron (1995) recognizes that collective wisdom may occur when individuals act 

out of self-interest. Still, when their views are aggregated, he sees the collective 

deliberation as the "doctrine of the wisdom of the multitude" (DWM), a more 

encompassing idea than Keyt and Miller’s (1991) “summation argument.” For 

Waldron, DWM comes from accessing the individual capabilities and aggregating their 

expertise as a collective group view. “The people acting as a body are capable of 

making better decisions, by pooling their knowledge, experience, and insight, than any 

individual member of the body, however excellent, is capable of making on his own” 

Waldron (1995, pp.564). The possibility of questioning during the shared deliberation 
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makes the collective aggregation of knowledge compared to the individual’s 

capabilities significant to Waldron’s DWM.  

Explaining the possible limitation of unique knowledge or experience compared to 

collective wisdom, Aristotle uses the analogy of a feast to highlight the value of 

diversity versus individual capability. “And as a feast to which all the guests contribute 

is better than a banquet furnished by a single man, so a multitude is a better judge of 

many things than any individual.” (Aristotle and Everson, 1988, pp.76). Under DWM, 

the value of diversity comes from the collective sharing and deliberation of the 

information, recognizing “that we have something distinctive to learn from one 

another.” (Waldron, 1995, pp.577). In a contrasting interpretation, Cammack (2013) 

sees Aristotle’s reference in the banquet analogy as not to the pooling of knowledge 

but to virtue (arête). The understanding of Cammack that Aristotle refers to virtue 

rather than knowledge implies it is the actions of the individuals and not their wisdom 

that leads to the benefit of acting collectively. The inference that Aristotle was 

referring to virtue (arête) by Cammack links the value of collective participation to the 

positive emotional interactions of the group, citing Susemihl and Hicks (1976, pp. 398) 

that “crowd emotion would inhibit rather than support virtue.” 

The group influences a person's contribution they are a member of, opening the 

possibility that the ability of the collective is greater than that of the individuals acting 

alone (Waldron, 1995). To prove the point, Waldron uses the example of an 

organizational department that functions better with one individual than another 

because of the difference in group dynamics surrounding everyone’s group 

interactions. Group participation requires contributing, and a willingness to deliberate 

with others their views and accept alternative proposals, or the benefit of collaboration 

will be lost. The possible differences in individuals’ approaches to group interactions 

exemplify the Waldron point. 

Aristotle describes “endoxa” as increasing knowledge levels arising through 

increasing expertise. Endoxa progresses from the opinion of many to the majority’s 

opinion, to the experts’ opinion, and finally to the opinion of the most knowledgeable 

(Wikipedia, 2019). Waldron sees Aristotle’s philosophy of “endoxa” as the 

progression of understanding alternative views and, through collective deliberation, 

new knowledge appears. The emergence of knowledge requires a person or method to 

combine the collective views, for which Waldron refers to Mill’s (1956) “On Liberty” 
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and how DWM depends on dialectic interactions. Waldron (1995, pp.577) concludes 

with his understanding of Aristotle’s philosophy of collective deliberation, “people do 

better in their practical thinking when they work in groups rather than when they rely, 

one by one, on their individual excellence.” 

The philosophy of Aristotle about collective deliberation has not materialized as 

expected, despite broad support. Amongst the issues found by practitioners and 

researchers are the failure to achieve an inclusive outcome and the possibility of 

herding or mob rule (Ackerman and Fishkin, 2005; Rheingold, 2002; Sunstein, 2006). 

An experiment conducted in Colorado in 2005 (Hastie, Schkade, and Sunstein, 2007) 

saw that rather than allowing opposing views to be deliberated, the group interactions 

caused a coalescence around previously held positions, resulting in greater extremism 

in the outcome. In the Colorado experiment, the bipartisan views became more 

entrenched within the subgroups, limiting the acceptance of opposing views and 

minimizing any benefit from the group’s collective insights. Sunstein (2006) likens the 

positional coalescing seen to the tendency of groupthink identified by Janis (1973). 

For Rawls (1971), deliberation is essential to legislators' functioning, as it would 

not be possible for all members to know and understand everything. By deliberating, 

they “can make all the same inferences that they can draw in concert” with the caveat 

(pp.315), “in the ideal process the veil of ignorance means that the legislators are 

already impartial.” Rawls echoes the positive and negative aspects of collective 

deliberation, recognizing the possibility of a less-than-ideal outcome if the participants 

are not impartial in their acceptance of alternative opinions. Deliberation can boost 

confidence as group members become more confident of the shared views following 

their interactions, particularly if it corroborates their prior opinion. The positive 

connotations of deliberation could also be misplaced, and with pressures from the 

group, lead to conformity by the subjugation of diverse views (Baron et al., 1996; 

Brown, 2000; Heath and Richard Gonzales, 1995). In referring to Habermas and his 

“forceless force of the better argument,” Sunstein (2006) expresses caution that 

polarization and peer pressure may constrain the ideal outcome from deliberation. 

The idea that the group can achieve a better collective outcome, based on the 

philosophy of Aristotle and mirrored by Waldron and Rawls, presupposes no specific 

experts are available to address the issue independently. The relevance of the group’s 

capability compared to that of an expert is mentioned by Sunstein (2006), concluding 
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the best outcome can only be achieved if the group is willing to defer to the expert’s 

opinion. A group’s willingness to rely on an expert’s opinion implies the group 

members agree to concede to the expert, and the expert accepts the responsibility to 

decide on behalf of the group. The significance of an expert is essential where the issue 

requires specific knowledge and differs from the more general situation where 

collective deliberation would allow diversity to achieve a better outcome, as posited 

by the proponents of the superiority of collective deliberation. The summation 

argument is a trade-off between deliberating with diverse views, conceding to the 

opinions of the more informed group members, and, crucially, knowing which 

alternative is best at which time (Cooper and Kagel, 2005; Sunstein, 2006). 

The promise of deliberation is cautioned with concerns about peer pressure, 

groupthink, and mob mentality, opening the possibility that mistaken outcomes could 

occur. Sunstein (2006) defines three measures of the reliability of group deliberation: 

• The group reached the best possible result. 

• Alternatively, the group effectively aggregates the diverse information held by all 

members. 

• The least ideal is the simple aggregation of group members' inputs to yield a 

statistical average. 

To achieve the best possible outcome, the group members must harness their 

collective views and obtain sufficient support from within the group to make it the 

group’s selected result. The ideal outcome assumes no hindrance to the deliberation 

process in the group as compared to preconceived beliefs dominating the deliberating 

group’s interactions inhibiting the surfacing of pertinent information and skewing the 

aggregated inputs towards a mistaken outcome (Brown, 2000; Gigone and Hastie, 

1997; Kerr et al., 1996; Sunstein; 2006). If deliberating groups cannot fare better than 

statistical averages, as an approach, it requires understanding why and, in the worst 

case, discarding the process in favor of survey panels (Gustafson et al., 1973; Sunstein, 

2006). 

For deliberating groups, the average group performance will not always exceed 

that of the best member's capability (Gigone and Hastie, 1997; Hastie, 1983; Stasser 

and Dietz-Uhler, 2001). When group members are expected to share their value 

judgments, which will be subjected to deliberation within the group, it may cause some 
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group members to become reticent about participating (Brown, 2000; Sunstein, 2006). 

Peer pressure matters less for deliberating groups dealing with definitive issues, and 

the problem is more if group members concede to the most informed member (Gigone 

and Hastie, 1997; Stasser and Dietz-Uhler, 2001; Sunstein, 2006). If a group 

participant knows the correct answer, it could inspire the other group members to 

support that position (Hastie, 1983; Kerr and Park, 2001). When deliberating groups 

are tasked with complex strategic problems, and the diversity of knowledge and 

expertise amongst group members is high, the group’s performance is likely to 

outperform that of individual group members (Blinder and Morgan, 2000; Cooper and 

Kagel, 2005).  

Sunstein (2006) summarizes the case for deliberation as it will outperform a 

statistical averaging approach if the correct outcome has initial backing within the 

group. The framework used by the group will allow convergence on the best result, 

mainly if the group is highly cohesive with a pronounced sense of identity (Cooper et 

al., 2001). The phenomenon of deliberating groups of members not contributing their 

insights has two underlying causes, fear of social stigmatization for not conforming to 

majority group norms or if a predominant expert in the group occupies the position of 

gatekeeper (Krech et al., 1962; Loury, 1994; Marques et al., 2002). 

2.2.1. Conclusion: Deliberation – The Foundation for Collective Decision-

Making 

Deliberation as a collective decision-making approach can have varying levels of 

interaction combined with a passive aggregation process and is well suited to 

determining the preference of groups. Regarding access, participation is restricted to 

group members permitted to deliberate on the issue under consideration. For those 

situations that involve many group members, the level of interaction, the influence 

exerted on other group members' decisions, and sharing of insights are likely to be 

limited. The role of a leader in the collective decision-making process would be aimed 

at achieving their preferred outcome. When the number of group members is smaller, 

based on more restrictive participation criteria, the level of interaction is expected to 

be more significant, opening the possibility of greater sharing of insights and the 

potential to influence other group members. Given the smaller select group of 

participants, the leader's preferences are probably less influential in deciding the 

outcome.  
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Regardless of the level of interactions among the group participants, the 

aggregation process is expected to be passive, involving limited input in its 

formulation by the group members. The aggregated outcome is decided by a majority 

vote or a similar consensus measure that includes all group members. The collective 

decision in these instances is more akin to the lowest common denominator than the 

broad consensus amongst all participants. Due to the participants' interactions, they 

could be influenced by more confident group members, succumb to peer pressure, or 

be unwilling to discard their prior beliefs, undermining the reliability of the collective 

decision reached. Although deliberation has the potential to surface the collective 

knowledge of group members, the potential constraining issues, such as limited 

interactions, group influences, and passive aggregating mechanisms, may limit the 

reliability of the outcome. 

2.3. Collaboration – Collective Participation and Crowdsourcing 

The internet has led to the ability to access contributions from numerous 

independent experts to achieve a collective result that exceeds the individual capability 

of the contributors (Brabham, 2013). Reflecting on the research of Jeppesen et al. 

(2007), Howe (2006, pp.4) observes, “The most efficient networks are those that link 

to the broadest range of information, knowledge, and experience.” Howe recognized 

the trend of organizations to increasingly reach outside their formal structures to source 

solutions for projects from outside experts, defining the approach as “Crowdsourcing.” 

Brabham (2013, pp.12) defines crowdsourcing as a “distributed problem-solving and 

production model that leverages the collective intelligence of online communities to 

serve specific organizational goals.” Underlying the functioning of crowdsourcing is 

the collective interaction of independent experts to collaboratively produce a result 

that exceeds that obtainable by relying on individual experts or other resources. 

Part of the debate around crowdsourcing is how the approach can be defined to 

reflect the collective access to experts and how they collaborate to produce a result. 

Estellés-Arolas and González-Ladrón-de-Guevara (2012) identified the following 

elements forming the core of crowdsourcing: 

• An organizational project. 

• Several experts are willing to work on the project. 
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• A process that allows the experts to interact collectively on the project, such as an 

online participation system. 

• The participants and users perceive a benefit for themselves in undertaking the 

project. 

Of these defined elements, two aspects call for further consideration. The 

formulation of the definition of Estellés-Arolas and González-Ladrón-de-Guevara 

(2012) assumes the collaboration will only occur online and the impetus for the project 

will be driven by the convening organization (Brabham, 2013). Project teams within 

organizations can and do work collectively in person to collaborate on projects that 

call for multi-disciplinary expertise, not least the functioning of the board of directors 

of most organizations. Restricting the definition to only online limits the use of 

considering the approach in the practice of the action modalities in the workplace, 

where collaboration represents a key element (Coghlan, 2010; Coghlan and Brannick, 

2014). The issue of who initiates and controls the project is more challenging to 

resolve. Although it is typical for a project to be undertaken by a user of the outcome, 

the possibility that the participating experts will collaborate to develop an independent 

solution is expected (Howe, 2006; Jeppesen et al., 2007). For Brabham (2013), 

Wikipedia fails to meet the criteria of a crowdsourcing project. Brabham sees the locus 

of control resting more with the contributors, questioning whether the same outcome 

could have occurred through a different approach. Suppose the control issue is not as 

crucial as Brabham indicated. In that case, the Wikipedia experts' collective effort to 

produce an outcome that exceeds that of the individual contributing members in terms 

of the volume and content could represent a crowdsourced outcome. 

Wikipedia provides articles covering numerous topics, with over forty-eight 

million articles available online as of January 2020 (Wikipedia, 2020). A challenge in 

delivering online articles is ensuring the trustworthiness of the information provided. 

The reliability issue stems from trying to gain access to the relevant experts, who may 

not be willing to contribute their knowledge willingly or may be inaccessible because 

other people have gained access to them first. The experts could be seen as a “common” 

online resource available to all for contributing and collaborating on a wide selection 

of issues and topics (Hardin, 1968). Ostrom (1973) cautions about the challenges of 

accessing a common resource, such as the internet experts, as a “tragedy unless the 

structure of decision-making arrangements can be modified to enable persons to act 
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jointly in relation to those resources as a common property” Ostrom (1973, pp.210-

211).  

In his controversial paper, “The tragedy of the commons,” Hardin (1968) set out 

how unchecked population growth was a problem with “no technical solution” because 

of the individual pursuit of self-interest and because of no control deterrents or specific 

prohibiting regulations. In formulating his view of access to and use of common 

resources, Hardin conflated the use of the resource and the control thereof into an 

indistinguishable whole (Frischmann et al., 2019). The conclusion of Hardin that a 

resource could be depleted faster than it could be replenished did not consider the 

possibility of regulating controls by those with a vested interest, as has been more 

commonly seen in practice (Frischmann et al., 2019; Ostrom, 2000). As a “common” 

resource with limited control and regulations, the internet poses challenges concerning 

accessibility and trustworthiness. Researchers have seen the internet as a “common” 

source of data to investigate the phenomena they are interested in, without always 

considering the circumstances that gave rise to the existence of the data. 

Ostrom (1998) questioned the behavioral model that collective decision-making is 

primarily based on self-interest, noting that communication occurs between 

participants when faced with a conflict. Face-to-face interactions that allow for verbal 

and visual observation and feedback lead to better outcomes, with indirect 

communication having a similar benefit, albeit to a lesser extent (Frischmann et al., 

2019; Ostrom, 1998). For Ostrom, communication within a group led to more 

favorable outcomes when those interactions were based on trust, reciprocity, and 

reputation (Frischmann et al., 2019). Trust refers to our and others’ expectations about 

themselves, reciprocity relates to the fairness of our interactions with others, and 

reputation is the record of past interactions with others (Ostrom, 1998). The factors of 

trust, reciprocity, and reputation within the Ostrom behavioral model are difficult to 

conceptualize within the indirect communication that occurs on the internet, 

challenging the potential benefit from group interactions in such an environment. 

Wikipedia exemplifies a “common” resource functioning according to the precepts 

of trust, reciprocity, and reputation of the Ostrom behavioral model. The emergence 

of Wikipedia was made possible by developing communication channels, which 

opened participation to information providers and users without needing them to 

interact directly within a self-governing system of trustworthiness (Rijshouwer, 2019). 



39 

The growth of Wikipedia is ascribed to the actions of earlier participants drawing in 

newer participants and allowing them to make further additions to the information pool 

(Heylighen, 2016). The founder of Wikipedia, Wales, compares the collaboration of 

Wikipedia participants to the aggregation of information performed by Hayek’s price 

system. “If information is widely dispersed, and if no single “planner” has access to 

what is known, then Wikipedia’s method of operations has the same general 

justification as the price system” (Sunstein, 2006, pp.156-157). 

Wikipedia’s founders envisaged broad collaboration, controlled through the 

participants' interactions, to provide a reliable, neutral information source mediated 

through a collective spirit of goodwill (Rijshouwer, 2019; Wikipedia, 2001). 

Wikipedia founder, Wales, aimed to reach a consensus through deliberative decision-

making by acknowledging other participants’ contributions in an environment of 

“love” for their collective contributions (Rijshouwer, 2019; Wales, 2004). Möller 

(2003) called for “WikiLove,” the “common goal” for the “love of knowledge” 

achievable through keeping an “NPOV” [neutral point of view] despite any 

differences, enabling a positive collaboration amongst Wikipedia contributors 

(Rijshouwer, 2019, Wikipedia, 2001). Wikipedia's ideology mirrors the elements 

Ostrom found for positive group interactions without the restrictive regulations 

recommended by Hardin (1968). As a specific internet project, Wikipedia has the 

possibility of aiming for trustworthiness and supplies a structural model for using the 

internet as a forum for group collaboration. 

Wikipedia uses an open-source approach for hosting content verified by editors. 

Volunteers who receive no monetary reward perform many tasks based on a consensus 

ideology (Rijshouwer, 2019). Fundamental to the functioning of Wikipedia is the 

assumption of collaboration in good faith and neutrality in the actions of participants 

(Reagle, 2010; Rijshouwer, 2019). Wikipedia has evolved a set of Policies and 

Guidelines that are expected to be followed by organizational contributors, consisting 

of “policies” requiring strict compliance, “guidelines” requiring community 

compliance, and “essays” requiring consideration (Rijshouwer, 2019; Wikimedia, 

2017). The internet functions as an “open source” of information available to any 

interested person without any cost. Like Wikipedia, many internet forums have 

“ground rules” that must be adhered to by participants, mirroring the expectations of 

Hardin (1968). The “common” resources function best when controlled and regulated.  
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Raymond offers a charitable explanation for the willingness to contribute without 

monetary reward (2001, pp.110), “participants compete for prestige by giving time, 

energy, and creativity away” as a “gift” rather than a commercial exchange. Over time, 

the demographics of Wikipedia volunteer contributors have become more 

predominantly Western-educated white males (Rijshouwer, 2019). Rijshouwer sees 

the demographic changes at Wikipedia as detrimental to the organization’s diversity 

aims. Still, the consequence is linked to the notion of Raymond that contributors look 

to serve with their peers to whom they can relate emotionally when purely financial 

considerations do not drive their exchanges. An implication of using the internet as a 

platform for collaboration and encouraging diverse participation is to reward 

participants by recognizing their differences rather than looking to control their 

contribution through consensus and conformity. 

2.3.1. Conclusion: Collaboration – Collective Participation and Crowdsourcing 

Collaboration as a collective decision-making approach anticipates significant 

interactions between group members, and the aggregation processes involve the direct 

input of the participants. Regarding access, participation concerns participants who 

agree to join the group because of a vested interest in the outcome. The level of 

interaction is high, and the consensus outcome is the culmination of the collective 

contribution of several but not necessarily all, group participants. Because of the 

extensive interaction between participants, it allows intragroup persuasion, moderated 

by the group’s norms and rules as has evolved from their past interactions. If some 

group members exercise greater control and influence over the composition of the 

participating group members, those participating will progressively conform more 

closely to a defined group norm. The result could be the group composition becoming 

more homogenous and the outcome aligned with the dominant members of the group. 

Potentially not all participants are regarded equally in the collaboration process. A 

dominant leadership position can be ascribed to a group member or assumed if a group 

member can exert more influence within the group than other participants. Typically, 

the group members should have positive reputational regard for their cohorts for their 

collective interactions to capture the potential contribution of all participants. 

The aggregation process involves the collective outcome of the group members’ 

interactions to result in a consensus acceptable to the majority of the participants. The 

significant collaboration between the group members could result in a consensus 
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outcome that surpasses the participants’ capabilities. The aggregation process is likely 

more sophisticated than the standard statistical methods used for deliberation, as the 

consensus outcome may reflect different permutations than some predefined choices. 

The potential of achieving enhanced results from group interactions is more likely if 

trust and reciprocity in the group are balanced. The risk of group members enforcing 

conformity amongst participants could diminish the diversity of the group’s 

collaboration efforts, influencing the motivation of new participants to join, contribute 

their insights and remain vested in the group’s collaboration efforts. 

2.4. Aggregation - The Law of Averages and Condorcet’s Jury Theorem 

When acting collectively, people need a method to aggregate their opinions to 

represent their shared consensus view. In 1785 Condorcet set out an approach to 

predict the probability of the outcome of voting in political events, “Essai sur 

l’application de l’analyse à la probabilité des décisions rendues à la pluralité des 

voix” (Translation: “Essay on the Application of Mathematics to Decision-Making,” 

Baker, 1976). Condorcet’s approach has become widely used in many settings to 

predict the outcome of group voting and in many academic studies (Dietrich and 

Spiekermann, 2016). Although the method has restrictive assumptions about the 

participants' behavior, applying the approach and its results are still valuable in 

practice (List and Goodin, 2001; List, 2008). In contrast to the collective interactions 

between participants in the deliberation approach based on Aristotle’s philosophy, the 

underlying premise of Condorcet’s approach assumes independence in the actions of 

the participants. 

In an experiment to assess the statistical accuracy of collective group actions, in 

1906, Sir Galton calculated the median of participants’ estimates at a fair in an ox-

weighing competition, with the computed result almost matching the actual ox weight. 

In a more recent review of the collective wisdom of crowds, Surowiecki (2004) cites 

the example of finding a sunken submarine, with the group’s average location forecast 

proving surprisingly correct in finding the debris from the sunken submarine. A 

fundamental difference between merely aggregating the views of a group and prior 

deliberation is the degree to which the interaction can influence the decision-making 

process and, so, the outcome.  
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Aggregating group opinions using Condorcet’s Jury Theorem requires 

understanding the detail and considering how as an approach, it differs from 

aggregation methods used in deliberation approaches. An expectation exists that taking 

the average of participants' views when information sharing is limited or non-existent 

could yield a more accurate outcome than from deliberating groups, be it because of 

significant prior knowledge or less undue influence on the opinions of other 

participants (Armstrong, 2001a; Batchelor and Dua, 1995; Drummond, 2001). Using 

statistical aggregation to collate the opinions of a group includes the diversity of views 

more effectively than in deliberating groups, where peer pressure may impede diverse 

opinions from being discussed and considered (Rowe and Wright, 2001; Stewart and 

Lusk, 1994; Sunstein, 2006). Despite the concerns about the restrictive assumptions 

about participants' independence, the Condorcet Jury Theorem will reflect the majority 

opinion, regardless of whether it is the right or best outcome (List, 2008).  

Using Condorcet’s Jury Theorem to calculate the probability of achieving a clear 

majority approaches one hundred percent as the group size increases significantly, with 

a similar trend for smaller groups if a predominant preference exists (Mueller, 2003). 

Mathematically, the Condorcet Jury Theorem aggregates the participants' opinions 

without making a value judgment of their actions, reflecting the probability based on 

the majority’s preference. The assumptions made by Condorcet are as follows 

(Sunstein, 2006): 

• Participants are not concerned if their vote is decisive in the outcome – the 

Independence of the participation. 

• Participants are not concerned with how other participants voted – the 

Independence of participants’ votes. 

• Participants are not concerned with other participants’ views – the Independence 

of the participant’s actions. 

The aims of limitations assumptions are explained by List (2008) as the “coherence 

challenge,” which seeks to minimize the consequence of inconsistencies that could 

influence the outcome, to make the results biased and unusable. 

The assumption of participation independence holds, as, in most voting scenarios, 

the vote-counting only occurs after everyone has voted rather than progressively while 

the voting is ongoing. The position could be different under committee settings where 
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votes are visible to other members; for instance, a chairperson has a deciding vote. The 

second and third assumptions are more difficult to ignore, as peer pressure or similar 

backgrounds could influence participants' vote independence and preferences. Prior 

research has proven that the Condorcet Jury Theorem yields reliable results even with 

some violation of these assumptions (Bottom et al., 2002). An example of the 

application Condorcet Jury Theorem in practice is opinion polls. Participants express 

a preference about an issue instead of a random guess, and the outcome is decided by 

the majority preferences (Sunstein, 2006). 

To better understand Condorcet’s Jury Theorem and the importance of 

participants’ preferences and independence, it is helpful to consider the calculation 

without going into specifics. For a group with [n] participants voting on two 

alternatives, each participant has a probability [p] of choosing a particular choice. The 

likelihood of the group selecting a specific option can be calculated as follows: 

 𝑃𝑛 =∑ [
𝑛!

ℎ!(𝑛−ℎ)!
] 𝑝^𝑛(1 − 𝑝)^(𝑛 − ℎ

ℎ=(𝑛+1)/2
)   

(Mueller, 2003). 

From the above formulation of the Condorcet Jury Theorem, as the number of 

participants increases, so will the rate at which the calculated outcome probability 

approaches one hundred percent. As the probability value [p] increases, so will the 

cumulative probability of achieving a majority supporting the choice. Suppose there is 

no majority preference amongst group members for an outcome. In that case, the 

failure to have some uniformity can result in the probability declining to zero as 

opposing votes offset each other. 

An outcome of the Condorcet Jury Theorem probability calculation is the 

possibility of rapidly approaching extremes if the number of participants becomes 

large and the shared beliefs of the participants are skewed above fifty percent. The 

consequence can be accepting or rejecting a choice based on an overwhelming or 

underwhelming estimate of the probability when the reality might be different. The 

Condorcet Jury Theorem derivation can be influenced by the shared biased beliefs of 

the participants, which may not be directly accounted for in the formulation of the 

voting assessment, such as another exogenous factor (Baker, 1976).  
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The Condorcet Jury Theorem assumes that participants have a similar belief in an 

alternative's preference, the probability [p]. If, for example, a core of expert 

participants votes for an option and the rest of the participants vote randomly but 

equally distributed across the alternatives, the best outcome could still be achieved. 

The result could be less accurate when the less-informed participants mostly oppose 

the better-informed participants (Sunstein, 2006). Expecting to have a group of 

informed experts determines the outcome, while the less knowledgeable participants’ 

votes are more or less offset, placing reliance on the chance to ensure a reliable result. 

The possibility that all participants may be biased towards a particular outcome, such 

as herding seen in stock markets occasionally, may result in a poor outcome regardless 

of the experts present (Shiller, 2005). 

In casting their votes in polls, participants are subject to similar influences to those 

found in deliberating groups, such as group biases, peer pressure, and conformity 

expectations. As with any decision-making process, undue pressures will affect the 

outcome of the polling process (Sunstein, 2006). In a similar vein, should the 

participants be uninformed about the issue being questioned and the votes are random, 

despite the assumptions of Condorcet Jury Theorem holding, the resulting outcome is 

unlikely to be correct or reliable, reflecting a wide dispersity of [p] or probability 

values (Mueller, 2003). Condorcet Jury Theorem could also be ineffective when the 

issue is unfamiliar to the participants, causing the participant’s contributions to be 

randomly distributed and leading to inconsistent errors, reflecting a low [p] value 

(Lorge et al., 1958; Mueller, 2003). The Condorcet Jury Theorem limitation with 

unfamiliar issues highlights a relative benefit of deliberation, where the participants’ 

interactions could surface a less random outcome.  

Condorcet was aware of the concerns around participants’ limitations, calling “that 

voters be enlightened; and that they are the more enlightened, the more complicated 

the question upon which they decide.” (Baker, 1976). To overcome the possibility of 

poor decisions being made by uninformed participants, Condorcet favored the 

delegation of responsibility for voting to expert participants who would be less likely 

to make poor decisions because of the higher probability [p] that they knew the correct 

answer (Baker, 1976). Condorcet’s idea of having better-informed representatives vote 

on behalf of the populace is questionable, as it goes against the grain of independence 

of voting and actions, reducing the reliability of the approach. When the majority vote, 
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those considered to have less knowledge of the issues involved would result in an 

outcome more reflective of the popular preference and less biased based solely on the 

experts' opinions (Sunstein, 2006). 

If an expert can persuade the group of a more accurate outcome, it would make 

sense for a panel of experts to outperform a single expert if the interaction amongst the 

group of experts is constructive (Sunstein, 2006). A panel of experts is best when the 

issue under consideration involves a high degree of judgment rather than a mere factual 

question (Armstrong, 2001a; Batchelor and Dua, 1995). Armstrong (2001a) cites a 

group of experts outperforming individual experts in diverse issues by twelve percent, 

even more significantly in specialists’ areas where experts have unique insights. For 

organizations striving to make more reliable forecasts, relying on a panel of experts 

rather than just a sole expert would seem advisable (Armstrong, 2001a; Sunstein, 

2006). Numerous services exist to supply consensus expert opinions on various 

economic and related industry trends (Consensus Economics, 2020; The Economist 

Intelligence Unit, 2020; Thomson Reuters GFMS, 2020; Wood Mackenzie, 2020). 

The Condorcet Jury Theorem aggregates the inputs for questions with a limited 

plurality of outcomes, most effectively if some participants know the correct answer 

and the distribution of the other participants’ errors is random. Also, if the participants’ 

probability [p] favors the best outcome, the aggregating approach of the Condorcet 

Jury Theorem functions well. However, the Condorcet Jury Theorem has no guarantee 

of surfacing the best result if there is a systematic bias in the participants' judgments. 

The conclusion points to balancing the use of many participants with fewer better-

informed experts if the aim is to achieve a more reliable forecast in the workplace 

while being mindful of groupthink (Armstrong, 2001a; Batchelor and Dua, 1995; 

Janis, 1973; Mueller, 2003; Rowe and Wright, 1999). 

Surowiecki (2004) motivates the concept of the “wisdom of the crowd” by 

discussing an experiment conducted by Sir Galton in 1906 at an English country 

agricultural fair, helping to popularize the application of aggregating groups' views. 

Sir Galton tested the phenomenon of collective wisdom of many participants, referring 

to the experiment as an “investigation into the trustworthiness and peculiarities of 

popular judgments” (1907a, pp.450). 



46 

The 1906 fair competition structure can be compared to Condorcet Jury Theorem's 

assumptions. The comparison is relevant beyond the experiment of Sir Galton, as the 

structure is comparable to the format found in many forecasting events. 

• No speechmaking was used to influence the judgment of the participants. 

• A participation fee was charged to encourage reliable estimates and minimize 

random guessing. 

• Numerous participants were competent in the competition issue and included some 

with the ability to have a fair idea of the final result. 

• The group included a wide diversity of participants. 

Comparing the competition conditions to the assumptions underpinning Condorcet 

Jury Theorem, none of the assumptions could be completely satisfied. Given the 

payment to take part, it could be assumed each participant believed they had the 

winning estimate. Galton’s comment contradicts the assumption of independence of 

voters, “others were probably guided by such information as they might pick up” 

(Galton, 1907b, pp.450). Although no speechmaking was observed, the participants 

interacted in formulating their estimates. Galton (1907b, pp.451) mentions “the use of 

a small variety of different methods, or formula,” showing participants’ experience 

guessing ox weights. 

In reply to Sir Galton’s article, Perri-Coste (1907) comments that many of the 

participants were more capable of making their estimates than a general collection of 

people: 

• Many participants were experts in estimating the correct answer in the competition. 

• For the experts, the nature of the competition was akin to their usual business 

practices and the field in which they had extensive knowledge.  

• The participants often competed in similar competitions, gaining experience in the 

field. 

Galton (1908, pp.281) later acknowledged that “the proportion of the voters who 

were practised in judging weights undoubtedly surpassed that of the voters in ordinary 

elections who are versed in politics.” 

Galton (1907a, pp.450) reported the results of the ox weighing competition, “The 

distribution of the estimates about their middlemost value was of the usual type, so far 

that they clustered closely in its neighbourhood and became rapidly more sparse as 
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the distance from it increased.” The outcome matched the Condorcet Jury Theorem 

expectation, given the knowledge and experience of the experts participating in the 

competition. The actual result of the competition was that the slaughtered ox weighed 

1198 pounds (Wallis, 2014). Galton advocated taking the median as the most 

representative aggregated value, "one vote one value, the middlemost estimate 

expresses the vox populi, every other estimate being condemned as too low or too high 

by a majority of the voters” (1907a, pp.414). Galton’s calculated median of the 787 

participants was 1207 pounds. Questioning Sir Galton’s use of the median, Hooker 

estimates the mean value to be 1196 pounds. Galton (1907b) confirmed the average 

was 1197 pounds, only one pound less than the actual weight.  

In defense of his use of the median, Galton said, “The best interpretation of their 

collective view is to my mind certainly not the average, because the wider the deviation 

of an individual member from the average of the rest, the more largely would it affect 

the results. In short, unwisdom is given greater weight than wisdom” (Galton, 1908, 

pp.281). In support of Galton’s approach Levy and Peart (2002, pp.358) point out 

giving an equal vote to “cranks in proportion to their crankiness” would unduly skew 

the results of the average for extreme estimates made by participants and instead 

supports the use of the median. Mirroring Galton, Levy, and Peart (2002, pp.358-359) 

state, “The best interpretation of their collective view is to my mind certainly not the 

average, because the wider the deviation of an individual member from the average, 

of the rest, the more largely would it affect the result. In short, unwisdom is given 

greater weight than wisdom.” The debate around the best method of aggregating 

results is informative but not conclusive as, in practice, both medians and means are 

used.  

2.4.1. Conclusion: Aggregation - The Law of Averages and Condorcet’s Jury 

Theorem 

The Law of Averages as an aggregation approach requires minimal interaction 

from the group participants. It is well suited for determining the majority consensus 

result for large groups choosing from limited options or pooling their factual 

judgments. The aggregation process could yield a probability measure of the result or 

another consensus value, such as the average or median of participants' estimates. The 

most common outcome measure is average, but the median is preferred in some 

circumstances to avoid outliers' undue influence. As the Law of Averages is suited to 
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aggregating the views of many participants with minimal interactions, the possibility 

of excessive influence by other participants is expected to be limited. However, 

influential external sources can play a significant role. If the process is duly hampered 

by external interference, the consensus outcome could similarly be influenced relative 

to the participants’ preferred choice. Given the low level of interaction and opportunity 

for persuasion, surfacing new insights will be limited. In smaller group settings, the 

possibility of undue influence can be more pronounced. The influence could arise from 

the authority of the group leader or a deemed expert within the group. Peer pressure 

can also be a more significant factor in smaller groups. Because of the passive nature 

of the aggregation, it should be less prone to bias or silence within a larger participating 

group, although still possible from external sources. 

2.5. Aggregation: The Coordination Role of Market Prices 

Under a barter system, value derivation is difficult but still necessary to arrange an 

exchange. With the use of currencies, the exchange is less complex, although it still 

requires the value of the purchased items to be mutually agreed upon. For the vast 

diversity of goods and services transacted continuously, determining a value is 

necessary for the exchange process to proceed efficiently. How the complexity of the 

value determination is achieved is best described by Hayek (1945, pp.519), “the data 

from which the economic calculus starts are never for the whole society given to a 

single mind which could work out the implications, and can never be so given.” Hayek 

(1945) understood that bits of economic information are dispersed among the many 

market participants, with no single person or entity having access to or understanding 

all the available information.  

For Hayek, the challenge of economic activity is complex planning, requiring 

many people to coordinate diverse and widely distributed information they have and 

their need to collaborate to achieve the market outcome. Economic activity is seen as 

taking advantage of unique information within a specific time and place to make the 

most informed value judgments for the market participants involved. Despite having 

unique information, market participants must consider the broader economic 

consequences of their decisions to make the best choice for each of them (Hayek, 

1945). For Hayek, the scope and dispersion of necessary information to achieve the 

market outcome could not be captured and processed by a central planner. Hayek 

understood some of the information would only be implicit to those with specific 
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detailed knowledge and become explicit to other market participants through the 

exchange process.  

The participants’ exchange actions are coordinated through the setting of the 

mutually agreed market price in Hayek’s analysis, “to coordinate the separate actions 

of different people in the same way as subjective values help the individual to 

coordinate the parts of his plan.” (Hayek, 1945, pp.526). The functioning of the 

market system is perceived to work by Hayek through the interactions of market 

participants with “sufficient overlapping” interests and information without any single 

person knowing everything. For Hayek, prices supply the coordination role for the 

practical problem of dispersing information to those requiring it, while the system 

functions based on participants' interactions.  

Sunstein (2006) sees Hayek’s price mechanism as an effective aggregator of 

dispersed unique information held by many independent participants, including 

judgments about value, without coercion or control by any third party. For Sunstein, 

the market price mechanism achieves the requirement for deliberation across dispersed 

participants, which dynamically signals to other market participants the evolving value 

judgments of all other market participants. Compared to the assumptions underlying 

Condorcet’s Jury Theorem, market prices aggregate information because the 

participants have a vested interest in the outcome based on their interactions by relying 

on their insights. For Sunstein, the structure of Hayek's market information 

aggregation surpasses the probability approach of the Condorcet Jury Theorem. 

An example of using market prices to forecast outcomes is prediction markets, e.g., 

Iowa Electronic Markets (IEM, 2019). In several practical applications, prediction 

markets have proven more reliable than deliberating groups (Abramowicz, 2004; Hahn 

and Tetlock, 2006; Hanson, 1999; Levmore, 2002; Wolfers and Zitzewitz, 2004). 

Prediction markets address one of the shortcomings of deliberations groups by 

incentivizing participants to share their unique information (Sunstein, 2006). For 

prediction markets to be effective, it has been found that the incentive need not be 

financial, for example, recognition from fellow participants (Figlewski, 1979; Roll, 

1984; Sauer, 1998; Servan-Schreiber et al., 2004; Surowiecki, 2004; Wolfers and 

Zitzewitz, 2004). Another contributing factor to the reliability of the prediction market 

is the focus on the expected outcome of all votes, compared to polls, such as in the 
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Condorcet Jury settings, that consider the actions of the individual participant that are 

to be aggregated (Sunstein, 2006). 

In an organization study at Hewlett Packard, several participants were asked to 

predict equipment sales in conjunction with the California Institute of Technology. 

The results from the internal prediction market proved to be more reliable than 

estimates made by deliberating groups (Chen and Plott, 2002). In 2005 an internal 

prediction market was set up by Google to forecast aspects of the organization’s 

performance (Cowgill, 2005). Google found that the internal prediction market worked 

well for its project, especially as time passed and uncertainty surrounding scheduled 

events diminished. The following comparison by Cowgill offers an insightful 

understanding of the dynamics of prediction markets. “Our search engine works well 

because it aggregates information dispersed across the web, and our internal 

predictive markets are based on the same principle: Googlers from across the 

company contribute knowledge and opinions which are aggregated into a forecast by 

the market” (Cowgill, 2005). 

The Efficient Market Hypothesis of Fama (1970) makes assumptions about the 

efficiency of information dispersion in determining stock prices of publicly-traded 

organizations. The degree of information available to participants is comparable to 

Hayek’s philosophy that prices are decided through the actions of a myriad of 

participants who have unique information which becomes known to other participants 

through their interactions. As a qualification of the perfection of stock prices as an 

example of Hayek’s price formation expectations, Sunstein (2006) cites the 

inefficiencies noted by behavioral economists about undue influence in collective 

deliberation (Shleifer, 2000; Thaler, 2005). Shiller (2005) describes occasional 

significant stock market price adjustments as a psychological re-evaluation of future 

expectations made when prior pervasive sentiment becomes less optimistic, a case of 

substantial changes in the expectations of many markets’ participants. The implication 

is prediction markets offer an alternative to other group aggregation processes but can 

similarly change their predictions if the “mood” of participants changes 

simultaneously.  

For the Iowa Electronic Markets (IEM, 2019), Klarreich (2003) saw that the 

frequent traders, accounting for about fifteen percent of all trades, are the price-

makers, acting as arbitrageurs to reprice predictions for changing expectations. The 
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activity of the price-makers drives the prediction market to its outcome, as opposed to 

deliberating groups that seek consensus across all participants and statistical groups 

that measure consensus based on all votes cast. The reward for aggregating the 

dispersed information makes the outcome of prediction markets more reliable than for 

the other approaches, partly because the process is a continually evolving outcome 

over time (Sunstein, 2006). The risk for organizations using internal prediction 

markets is the possibility of undue influence and groupthink, while divergent 

predictions might attract the ire of management, despite being more accurate 

(Abramowicz, 2004; Chen and Plott, 2002; Sunstein, 2006). As an example of 

groupthink within an organizational setting and the undue influence of senior 

management, the systematic error of the United States of America’s assessment of 

Iraq’s weapon capabilities is cited as an example (Snowberg et al., 2005). The failure 

of the prediction markets concerning Iraq’s weapons capabilities highlights that access 

to dispersed information is necessary for the market to function effectively (Sunstein 

2006). 

As with traditional markets, prediction markets can be manipulated by traders 

looking to extract an undue advantage, although the actions could also be linked to 

biased beliefs leading to actions in hindsight seen as mistaken (Abramowicz, 2004; 

Hanson, 1999; Shefrin, 2001; Shiller, 2005; Thaler and De Bondt, 1993). The 

prediction markets for political elections show biases amongst participants for the 

party or candidate they support, influencing their actions in setting prices, mirroring 

similar investor trading patterns seen in traditional markets (Forsythe et al., 1999; Jolls, 

1998; Lord et al., 1979). As with conventional markets, prediction markets can be 

prone to herding or information cascades when participants are influenced by 

preconceived beliefs or following the lead of influential figures (Sunstein, 2006). The 

ongoing prevalence of bias goes contrary to the perception that the arbitrage actions of 

the price-makers will not price the inconsistency out of the prediction market. 

Concerns that prediction markets could be seen as betting platforms and suffer from 

long-shot bias have not been seen (Forrest and McHale, 2005; Manski, 2006; Thaler 

and Ziemba, 1988; Wolfers and Zitzewitz, 2004). As with traditional markets, some 

prediction market participants may trade expected outcomes at significantly different 

prices to the other market participants. Their trades could represent greater insight or 

an opportunistic trading strategy, which will only be known when the future event 
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occurs while still registering as a factor in the overall prediction price determination 

(Posner, 2004).  

2.5.1. Conclusion: Aggregation – The Coordination Role of Market Prices 

The functioning of markets epitomizes an aggregation approach that depends on 

limited direct access between the participating group members. By collaborating, the 

market participants determine a consensus outcome that reflects their collective 

decisions. By collaborating, the participants' value judgments are systematically 

aggregated without their intervention, which is then reflected in the market price. In 

prediction markets, the “price” can more correctly be considered a collective group 

probability of a specific outcome occurring rather than a value in the traditional market 

sense. Due to participants' limited direct interactions, intragroup persuasion can be 

expected to be minimal and instead conveyed through the changing price. Still, 

external influences on the market can play a significant role. The limited direct 

interaction could constrain the surfacing of new knowledge for specific group 

members, although the consequence of the knowledge is likely to be observable to all 

participants. Through the actions of arbitrageurs, such information is more probable to 

emerge, exerting an effect on the market outcome. In an active market, the prevalence 

of bias should be eliminated by arbitrage traders, assuming the full availability of 

relevant information. Participation targets self-selected participants interested in the 

specific item or issue and are well suited for making value judgments. 

2.6. Delphi Method – Anonymous Deliberation and Collaboration 

An approach used to collect group opinions and reach a consensus from interacting 

experts is the Delphi Method developed by the Rand Corporation in the 1950s (Dalkey 

and Helmer, 1963). The Delphi Method incorporates deliberation, collaboration, and 

averaging within a framework structured to mitigate the possible consequence of 

undue influence between group members and the group convener and users of the 

group’s outcome. The Delphi Method approach aims to achieve an unbiased result 

from a group of experts. It tries to minimize the negative consequences of the 

alternatives of averaging, deliberation, and collaboration approaches to see if the 

method can achieve a consensus result (Bolger et al., 2011; Bolger and Wright, 2011). 

The Rand Corporation developed the Delphi Method to undertake strategic 

military intelligence evaluations for the United States Airforce. The primary aim was 
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to access experts' confidential opinions in developing a consensus on the expected 

outcome of various possible military actions (Brown, 1968; Dalkey and Helmer, 1963; 

Rowe and Wright, 1999). Owing to the military environment within which the 

approach was developed, the structure of the Delphi Method had specific protocols for 

its use, which may not be as essential in other workplace environments. The Delphi 

Method is structured around four requirements (Dalkey and Helmer, 1963; Rowe and 

Wright, 1999): 

• Anonymity: The participants are not informed who the other group members are 

and are discouraged from discussing the group's activities with others. An essential 

consideration in making participation anonymous is to minimize the possibility of 

undue pressure from other participants or interested outsiders to conform to peer 

predictions. Participants are encouraged to be forthright in making their estimates 

through anonymous participation. 

• Iteration: Multiple rounds of questioning and feedback until the moderator or end-

user of the outcome accepts the consensus outcome. The first round can be 

unstructured to surface relevant issues for further consideration in later rounds. The 

total number of iterations usually does not exceed more than four rounds. The 

motivation for multiple iterations is to allow participants to revise their estimates 

based on the feedback from the moderator of the other group members’ estimates, 

aiming to result in a consensus estimate that is considered the best. 

• Feedback: The moderator collates the participants' responses and gives feedback, 

either only a consensus statistic, such as the median, or the reasons provided by 

other participants, on an anonymous basis, for their estimates. The feedback 

encourages consideration of different perspectives and achieves a consensus 

acceptable to most participants. The possibility exists that by giving feedback to 

participants, either other group members could guess their identities, or pressure 

could occur to conform to the consensus opinion. 

• Aggregation: Depending on the nature of the questions posed to the participants, 

the usual aggregation would be either the average or the median of the group’s 

responses. By aggregating participants' responses, the feedback could influence the 

later responses of participants, causing them to change their estimates closer to the 

prevailing group consensus measure. As the moderator undertakes the aggregation, 
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it opens the possibility of biased reporting of the participants’ rationale for their 

estimates. 

Underlying the Delphi Method as an approach for surfacing a group consensus 

estimate for an identified problem anonymously from selected participants requires 

questioning some aspects further (Bolger et al., 2011; Bolger and Wright, 2011): 

• The role of the moderator is fundamental to the functioning of the Delphi Method. 

The moderator controls the questions asked, the feedback provided, and the 

compilation of the aggregate consensus feedback. Any bias on the part of the 

moderator could influence the outcome, as the interactions between the moderator 

and the participants are not observable to the individual group members during the 

inquiry. The moderator decides after each iteration what feedback is given to the 

participants, together with the aggregated results. 

• Participation is at the election of the group's convener and moderator, with the 

expectation that the selected participants will be willing to share their expertise on 

the issue during the inquiry. If some participants are less knowledgeable or 

unwilling to share all their insights, their contributions may adversely affect the 

feedback shared, and the consensus outcome realized. 

• The success of the Delphi Method is predicated on participants questioning their 

assumptions and revising their estimates based on the feedback provided by the 

moderator. The inclination for participants to change their estimates is more likely 

among those participants who are less sure of their original estimates. The 

possibility also exists that the more dogmatic participants will be less willing to 

change their opinions, regardless of the correctness of their views. By contrast, the 

outlier participants may feel more compelled to change their estimates which may 

be more accurate, to conform to the consensus opinion, opening the risk of 

groupthink (Janis, 1973).  

Using the Figure 2-1 Collective Decision-Making Classification, the Delphi 

Method could fall between deliberation and collaboration. It has moderate levels of 

interaction and value judgments. Participants are selected to join the group because of 

their ability in the project area. Group participation is at the moderator's election, with 

the participants co-opted into the group. The level of interaction is moderate, although 

indirect through the moderator. The outcome is the culmination of participants' 

successive rounds of contribution, with filtered feedback provided by the moderator. 
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Aggregation is an iterative process through a moderator to achieve an outcome over 

successive rounds of discussion. The approach aims to reach an acceptable consensus 

outcome as the moderator and the outside project convener decide. Owing to the lack 

of direct interaction, the Delphi Method limits the degree of collaboration, with any 

shared deliberation limited to the interactions with the moderator. The control 

exercised by the moderator over the feedback and aggregation of the participants' 

inputs can make the determination of the consensus outcome obscure, limiting the 

possible benefit of insights held by group members but not necessarily shared with 

other participants. 

From an AR perspective, the lack of transparency in the Delphi Method goes 

contrary to the idea of collegial fellowship, despite the cycles of action, interaction, 

reflection, and action (Pedler, 2012). The necessity of anonymity, which is core to the 

Delphi Method but runs counter to the idea of open collaboration and joint deliberation 

identified as necessary, must be questioned as essential in environments where 

autocratic leadership and confidentiality are less significant. 

2.7. Reciprocity 

When a conflict occurs between interested participants, resolving the impasse may 

require a compromise based on mutually recognizing each participant’s interest in the 

shared outcome (Fisher, 1989; Ury, 2013). Collaborating to solve a problem, which 

could be under instruction or by choice to cooperate, is still prone to the agendas each 

participant brings to the interaction (Fisher et al., 2012). The possibility of fostering 

cooperation amongst participants based on shared contribution and benefit underpins 

social interactions dating back to the emergence of communal living (Alvin, 1960). 

When the participants' interactions are by choice, the dynamic is challenging, as no 

clear lines of authority may exist to ensure a positive outcome (Cohen and Bradford, 

1989). If participants are compelled to interact, reluctance towards cooperation may 

manifest in opposing the aims of their desired interactions (Fisher, 1989; Ury, 2013). 

Group interactions are an act of reciprocity that rest on the giving and receiving value. 

The value of the reciprocity exchanged need not be monetary if it satisfies the interest 

of each participant involved (Fisher, 1989).  

Reciprocity implies that interactions between participants are transactional, with 

the expectation that comparable value is expected for the value given, if not at the time 
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of the exchange, then at some future time. Alvin (1960, pp.162), referencing Simmel 

(1950, pp.387), explains the transactional nature of interactions as “the reciprocity of 

service and return service,” for which the “contacts among men rest on the schema of 

giving and returning the equivalence.” Fisher (1989) explains the need for 

understanding participants' interests and sharing the benefit in a mutually beneficial 

manner, such that each receives value, an act of reciprocity (Fisher et al., 2012, Ury, 

2013). The need for reciprocity between participants involved in achieving a shared 

outcome is identified by Rijshouwer (2019) as necessary for the effective functioning 

of Wikipedia. 

Reciprocity is central to the exchange between participants as the transactional 

requirement that gains their commitment and has implications for structuring group 

interactions. In terms of reciprocity and its relevance to group interactions, several 

factors for improving the interactions can be identified (Alvin, 1960; Badaracco, 1992; 

Cennamo et al., 2009; Cohen and Bradford, 1989; Fisher, 1989; Fisher et al., 2012; 

Goodpaster, 1991): 

• The exchange between the participants needs to be voluntary, without any undue 

compulsion that compels interaction to the disadvantage of some participants.  

• The sharing of value between participants must be balanced over time. 

• There must be a shared interest in the outcome of the group by the interacting 

participants, or the participants will not be willing to work toward the best 

collective result. 

• To get the participants to join the group and continue participating in its 

interactions, they must feel they will benefit from the time committed and insights 

gained. 

• If the primary value for contributing to the group is not a direct tangible benefit to 

the participant, the participant would want recognition for their contribution, 

regardless of when received. The need for explicit recognition implies a group 

structured with anonymous participation and limited peer recognition for 

participants’ contribution to the outcome is less likely to be effective. 

The colloquial phrase, “what is in it for me,” captures the essence of reciprocity 

and has implications when structuring group interactions. At the start of forming the 

group, participants must understand the value they will receive for being part of the 

process. As group interactions occur, obtaining the value they expect to receive is 
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necessary. The trend can be seen in many online internet forums with enormous 

subscription bases, but the top influencers are only a tiny fraction of the total 

membership. For Wikipedia (2022), the active editors (December 2021 39,052) 

accounted for about 10.5% of all registered editors (December 2021 370’865), with 

the top 100 editors accounting for around 1.3 million (~26%) of the 4.97 edits made 

in the month. Reciprocity was relevant to the AR project consensus panel composed 

of participants expected to interact to achieve consensus metal price forecasts. 

2.8. Diversity and bias in collective group forecasts 

An expectation of the different group approaches for achieving a reliable 

consensus outcome is the need for diverse participants to contribute. Aristotle explains 

the need for diversity: "some understand one part, and some another, and among them 

they understand the whole” (Aristotle and Everson, 1988, pp.66). For Condorcet, the 

expectation was that participants should be “more enlightened, the more complicated 

the question” to avoid outcomes swayed by the ignorance of the masses (Baker, 1976, 

pp.156-157). Galton (1908, pp.281) similarly recognized the relevance of ability in 

achieving the outcome in his experiment, for those “who were practised in judging 

weights undoubtedly surpassed that of the voters in ordinary elections.” For Hayek 

(1945, pp.520), the importance of the collective “utilization of knowledge not given to 

anyone in its totality” reflected the necessity of diversity to surface an agreed price. 

For Wikipedia, diversity is reflected in its strategy to “reach out to developers that are 

not reached yet to work on a greater diversity of tools in order to get a greater diversity 

of perspectives” (Rijshouwer, 2019, p.151).  

Batchelor and Dua (1995) proposed aggregating forecasts made using different 

methodologies, seeing a reduction in the dispersion around the average. The decreased 

range of outcomes was linked to including diverse participants that used alternative 

forecasting methods. Armstrong (2001a) supports the importance of diversity and 

finds that using forecasts based on different methods and data sources can significantly 

improve forecasting accuracy by reducing the inherent biases of individual 

participants. For Hong and Page (2012), the “wisdom of crowds” is not the fortunate 

outcome of averaging many estimates offsetting incorrect predictions. Instead, the 

benefit occurs because of the diversity of predictive models used by participants.  
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Hong and Page (2012) see diversity as occurring because of the participants' 

different “interpreted signals” received, then analyzed using their unique predictive 

models. The inference from their dichotomy is that the perspectives held will differ 

within a crowd. Combining the diversity of insights creates the possibility of achieving 

an outcome that surpasses that of the individual group members. Page (2007) explains 

diversity can “trump” individual ability because “collective ability equals individual 

ability plus diversity.” An assumption made by Hong and Page is that the predictive 

models of participants are likely to be negatively correlated. The dispersion of the 

errors around the average is offsetting, resulting in a more reliable consensus outcome. 

The offsetting distribution of incorrect estimates around the average or median is 

comparable to Galton's (1907a) and Levy and Peart's (2002) expectations. The 

assumption of offsetting errors distributed around a central measure ignores the 

possibility of an inherent bias amongst many participants that may be anchored around 

a similar value (Bazerman and Moore, 2008; Drummond, 2001). 

A common concern in the different group consensus approaches was that the 

participants' bias could influence the outcome. Discussing Aristotle’s understanding 

of virtue, Susemihl and Hicks (1976, pp. 398) explain that “crowd emotion would 

inhibit rather than support virtue,” causing a biased outcome. Galton (1907a, pp.450) 

recognizes the possibility of bias, “The judgments were unbiassed by passion and 

uninfluenced by oratory and the like.” Condorcet (Baker, 1976, pp.62) considered the 

possibility of bias, “provided a society possesses a large number of enlightened men, 

… an adequate assurance of decisions conformable to truth and reason can be 

attained.” Hayek’s pricing model recognized the existence of individual subjectivity 

“the same way as subjective values help the individual to coordinate the parts of his 

plan.” (1945, p.526). Wikipedia, in its policies, recognizes the possibility of bias by 

requiring “articles should be unbiased or written from a neutral point of view” 

(Rijshouwer, 2019, pp.172). 

The possibility of biases amongst participants in group interactions is likely, with 

some biases considered more probable than others. The foremost bias because the 

process involves collective interactions is the risk of groupthink (Janis, 1973), which 

heightens the possibility of not including all the information held by all group 

participants (Sunstein, 2006). Another significant bias is “anchoring,” as participants 

focus on what has occurred more recently or has been most meaningful to them and 
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influences their value estimates (Drummond, 2001). Anchoring can also happen 

because of more exposure to some opinions, which can cause fixation on that view 

without considering other alternatives. Within groups as within society, more credence 

is given to the opinion of more outspoken individuals or leaders, resulting in a 

disregard for the views of others and a fixation on the referential source (Bazerman 

and Moore, 2008). 

Occasionally, the outcome from a collective process can be meaningless, with no 

definitive preference identifiable. Landemore (2012b) refers to the lack of an ideal 

outcome as “the mass of “noise” represented by other people's random opinions” that 

obscures the insights held by the better informed, although a smaller number of 

participants. The phenomenon of “noise” mentioned by Landemore can cause a failed 

outcome from a group process while not a bias. Aristotle wished to limit the decision-

making only to the best informed to ensure the emotions of the “crowd” did not decide 

the outcome. Condorcet recognized the possibility of the result being swayed by the 

preference of the majority, which might not necessarily be the best outcome for the 

“enlightened” voters (Baker, 1976). The recommended statistical solution to uncertain 

outcomes is to increase the sample size or retest with another group (Armstrong, 

2001a). An alternative perspective could be that the central consensus values, such as 

the average and median, do not consider the environment in which the group interacts. 

Other consensus measures may more accurately reflect the best estimate. 

2.9. Conclusion: Literature Review 

Collective decision-making involves reaching a consensus through the cooperation 

of the eligible participants, be it the select few, as in Aristotle’s assembly, or through 

many pooling their choices, for instance, in political elections (Aristotle and Everson, 

1988; Galton, 1907a). Anticipating the probable outcome using Condorcet’s Jury 

Theorem relies on the underlying most prevalent preference of the participants (Baker, 

1976). The median favored by Galton reflects the central estimate splitting the 

participants below and above the midpoint (Galton, 1907b; Levy and Peart, 2002). By 

comparison, the average as a central measure equates to the value with a zero mean 

square error, which captures the diversity of views (Page, 2007). Hayek (1945) sees 

market prices as coordinating the interactions of interested participants and their 

dispersed specific insights. The internet has made it easier for many people to 

collaborate and achieve a collective outcome, commonly called crowdsourcing 
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(Brabham, 2013; Howe, 2006). The collective decision-making evolutionary process 

has retained the elements of deliberation and collaboration in the different approaches, 

depending on the situational setting (Sunstein, 2006). 

From the idealized deliberating possibilities espoused by Aristotle, the “better 

argument” hopes of Habermas (1998), the constitutional underpinning of Western 

democratic political processes, and modern management practices of teamwork and 

collaboration, collective decision-making has had mixed successes (Mueller, 2003; 

Sunstein, 2006). Recognition of the impact group members can have on each other and 

the existence of disparate power amongst members within the group have been 

identified partly for the shortcomings of achieving reliable group consensus results 

(Bazerman and Moore, 2008; Drummond, 2001; Janis, 1973). Unfettered group 

interactions can allow unique knowledge of interacting group members to surface. For 

collective decision-making to succeed, formulating the rules of interactions that 

encourage the surfacing of new knowledge is best achieved if the playing field among 

participants is level and the aggregation of the disparate insights of the participants is 

impartially done (Rowe and Wright, 2011). 

From Condorcet’s Jury Theorem and the probability of the outcome of political 

events to Galton’s testing of the general population's ability, the use of averages to 

decide the result in many collective settings has become ubiquitous. Their 

methodologies have gained broad support, despite potentially predicting mistaken 

outcomes (Armstrong, 2001a; Mueller, 2003; Sunstein, 2006). The lesson from group 

aggregation approaches is that biases can unduly influence the result (Batchelor and 

Dua, 1995; Shiller, 2005). Depending on the group interactions, the participants can 

sway the actions of others (Gigone and Hastie, 1997; Schkade et al., 2007; Sunstein, 

2006). One of the perils of undue influence and observed remedy in practice is the 

stratification of participants into subgroups (Armstrong, 2001a). The challenge lies in 

knowing which subgroup a participant should be in beforehand, and such stratification 

is often impossible. 

Hayek’s explanation of how collecting and assimilating dispersed information 

forms the foundation of market prices makes the possibility of considering using prices 

to collect and distill information for collective decision-making workable (Berg et al., 

2008; Sunstein, 2006). The advantage of using prices to predict outcomes is that the 

participants' interest is observable and automatically aggregated to reflect the 
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consensus opinion (Abramowicz, 2004; Hahn and Tetlock, 2006; Hanson, 1999; 

Levmore, 2002; Wolfers and Zitzewitz, 2004). The use of prices, such as in prediction 

markets, does have its challenges. As in other markets, an information “bubble” is 

possible, or even rogue traders, but the expectation would be that the arbitrageurs 

would ensure the “right” price appears (Klarreich, 2003; Shiller, 2005; Sunstein, 

2006). Prediction markets measure the probability of the outcomes without the 

participants considering the consequences of the possible result (Berg et al., 2008; 

Sunstein, 2006).  

The egalitarian underpinnings of open-source projects undertaken by volunteers, 

contributing collectively to achieve an outcome, premises broad equality among the 

contributors (Brabham, 2013; Rijshouwer, 2019; Wales, 2004). Orwell’s (2013) 

“Animal Farm” and open-source projects may share some characteristics. For an open-

source project, some participants are elevated to a more senior status, setting the rules 

to be observed and the contributors' consensus outcome reflecting the result of least 

resistance (Hardin, 1968). Open-source collaboration and its collective participation 

function within structures with regulations to control the processes while allowing 

many participants to contribute to the extent they are willing (Reagle, 2010; 

Rijshouwer, 2019). An important consideration in obtaining the participants' 

commitment is the need for reciprocity amongst the group members (Möller, 2003; 

Raymond, 2001).  

Considering the interaction and aggregation framework (Figure 2-1 Collective 

Decision-Making Classification), Table 2-1 Collective Decision-Making Application 

summarizes the application of collective decision-making, and the situations best suit 

the different approaches. 

Table 2-1 Collective Decision-Making Application 

Collective 

decision-making 

application 

Circumstances 
Aggregation 

Participation 
Influence (Bias) 

Deliberation / Law 

of Averages 

General public 

Frequent event 

Average 

Median 

General 

Concurrent 

Intragroup low 

External high 

Deliberation / 

Majority opinion 

Unique objective 

Specific setting 

Majority vote 

Consensus1 

Selective 

Sequential 

Intragroup high 

External low 
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Collective 

decision-making 

application 

Circumstances 
Aggregation 

Participation 
Influence (Bias) 

Collaboration / 

Most favored   

Elected objective 

Unique setting 

Consensus2 

Strongest 

preference 

By Choice 

Sequential 

Intragroup high 

External low 

Collaboration / 

Markets price 

Unique time 

Specific purpose 

Price 

Probability 

By choice 

Concurrent 

Intragroup high 

External low 

1. Lowest common denominator. 

2. Route of least resistance. 

The aspects of access and aggregation pertaining to collective decision-making 

provide a framework for considering the application of the approach for surfacing a 

consensus outcome that captures the diversity of the participants involved and meets 

with the users' approval of the group result.  
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CHAPTER THREE – RESEARCH METHODOLOGY 

3. Research Methodology 

3.1. Introduction 

When a workplace task is judgmental, if it is undertaken in collaboration with other 

team members, the theories and past research would show that the outcome may be 

more reliable if a group deliberates the problem rather than relying only on a single 

expert. The AR project aimed to evaluate mining organizations' possible use of 

collaborative metal price forecasting, which requires a high degree of judgment. A key 

consideration was to see if the collective outcome would exceed the capabilities of the 

individual participating group members. Coghlan et al. (2012) 's interactive cycles 

were reflected in the AR project's design. It allowed the participants to deliberate on 

their metal price forecasts relative to that of the other group members and how 

consensus metal price forecasts collectively surfaced could be considered a reliable 

alternative for future workplace use.  

The cooperative inquiry structure, as a case study, used a consensus survey panel 

with diverse participants with relevant expertise to collaborate in surfacing consensus 

metal price forecasts (Hong et al., 2016; Landemore, 2012a; Malla, 2016). The AR 

project fostered collaboration by sharing participants’ metal price expectations 

interactively for reflection by other group members rather than sequentially, similar to 

a Delphi Method consensus-building approach (Rowe and Wright, 2001). A key aspect 

of collective decision-making is the recognition that consensus estimate depends on 

accessing the dispersed insights of diverse participants and using a method to share 

and aggregate their collective opinions (Armstrong, 2001a; Page, 2007; Surowiecki, 

2004; Tetlock and Gardner, 2016).  

A central aspect of the action inquiry was examining the significance of 

collaboration in conjunction with diversity for surfacing collective metal price 

estimates compared to individual forecasts as substantiation for using a cooperative 

inquiry approach for tackling the issue within the workplace (Coghlan et al., 2012; 

Heron and Reason, 2001).  

3.2. Action Research 

As a collaborative management research approach, the AR project was premised 

on the active engagement of participants jointly with the researchers to surface a 
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beneficial management practice and new knowledge. It falls within the field of 

practical knowing, which aims to influence future actions (Coghlan et al., 2012). The 

foundations of AR are based on methods that incorporate different elements of 

collaboration, action, and scientific theory. Across the various modalities of AR, 

differing expectations about the nature of knowledge, the theory of knowledge, and 

approaches for uncovering the bases of learning are used, considering the “nature of 

how we know and how we inquire into how and what others come to know” (Coghlan 

et al., 2012, pp.47). In acknowledging the coexistence of various modalities of AR, the 

differences are seen as alternative approaches for collaboration, each focusing on 

different aspects through their questioning and actions. 

Practical knowing is context-specific, based on the setting and understandings of 

those involved, imposing a need to appreciate situational differences (Coghlan et al., 

2012). Each situation is an emergent construction of the participants looking to 

understand the meaning of the situation. AR occurs in the present, referring to the past 

to understand the origin while looking to change the future through cycles of action 

and reflection. The general empirical method is realized in the present tense of AR by: 

• Experiencing the occurrence consciously and attentively within the situation. 

• Understanding the significance of the insights and knowledge within the situation. 

• Judging the reasonableness of explanations rationally within the situation. 

• Taking action responsibly, considering the consequences of the situation. 

When undertaking the human cognitions of experience, understanding, judgment, 

and action, these occur within the realm of the AR inquiry as a community of practice 

between the participants, as well as with the researcher, as they collectively inquire 

into the situation and reflect on the joint actions to take (Coghlan et al., 2012).  

Action research as a collaborative management research approach involves 

participants in interactions to surface their insights within the situation, considering 

the expectations of the interested stakeholders and their need to engage in joint action 

to address the challenge (Coghlan et al., 2012). As an approach to practical knowing, 

AR needs to adapt to each situation and be capable of reacting to the interventions 

chosen and undertaken. The group interactions aim to surface participants' 

experiences, consider their insights, develop judgments, and uncover actions to be 

taken jointly. 
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Shani and Pasmore (1985, p. 439) give the following definition of AR to exemplify 

its main characteristics: 

“Action research may be defined as an emergent inquiry process in which applied 

behavioural science knowledge is integrated with existing organizational knowledge 

and applied to solve real organisational problems. It is simultaneously concerned with 

bringing about change in organisations, in developing self-help competencies in 

organisational members and in adding to scientific knowledge. Finally it is an evolving 

process that is undertaken in a spirit of collaboration and co-inquiry.” 

An ancillary and important interlinked element of AR generates actionable 

knowledge through the emergent collaborative inquiry undertaken jointly by 

participants and researchers into real problems (Coghlan et al., 2012). Tied to the issue 

of generating actionable knowledge is the point of judging the quality of AR. 

Considering the definition of Shani and Pasmore (1985), Coghlan et al. (2012) name 

five elements as necessary: 

• The AR inquiry surfaced an understanding of the situational context. 

• A high degree of collaboration between participants and the researcher occurred 

within the AR inquiry. 

• During the AR inquiry, active cycles of action and reflection surfaced new 

meanings for the participants and researcher. 

• The AR resulted in sustainable outcomes beneficial to the participants. 

• The AR inquiry was able to generate new actionable knowledge. 

Action research is situated within a specific organizational context and expects 

collaboration between practitioners and researchers as a collaborative management 

research process. It uses accepted methodologies to address existing crucial problems 

and add to the management knowledge, with collaboration being the cornerstone of 

the approach (Coghlan et al., 2012). As an essential element, collaboration implies the 

sharing in the framing, evaluation, assessing, finding, and taking actions. However, 

such sharing is not necessarily equal for each aspect. Fundamental to collaboration is 

the collective inquiry into real issues through dialogue between participants and 

researchers, looking to understand through the joint application of scientific and 

practical knowledge. Action research aims to transform management practices. The 

focus can be an individual, a group, an organization, or subsections of the latter two, 
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seeking ways to address aspects of actions, processes, performance, or coordination.  

During the AR inquiry, the action of experiencing within the system will lead to the 

emergence of an understanding. The understanding will, in turn, lead to assessing the 

judgments made and how taking different actions could eventuate in more effective 

outcomes, with the cycles of AR captured as new managerial knowledge.  

Process management research is similar if the inquiry starts from a collaborative 

proposal. Still, it is more accurately considered a process of collaboration and 

intervention, with the action element occurring within the later action inquiry (Coghlan 

et al., 2012). When the AR inquiry is undertaken with a researcher, the researcher 

becomes a co-actor, contributing to the management learning that appears. In the 

action inquiry, the initiation of the research may occur internally as a change initiative, 

externally as a research proposal, or jointly as an area of mutual interest between the 

organization and the researcher. The origin of the action inquiry will influence the AR 

design and focus formulation.  

Shani and Pasmore (1985) find four factors to consider when choosing an AR 

approach:  

• The context in which the problem is situated includes both external and internal 

stakeholders. 

• The nature of the relationship between the participants and the researcher’s role 

will influence the quality and effort exerted in the inquiry. 

• Structuring how the AR will be undertaken, from its origination, whether the 

researcher is an insider or outsider, collecting data, formulating the action cycles, 

and concluding the undertaking. 

• How will a practical, workable outcome be achieved for the participants within 

their workplace while simultaneously creating new management knowledge to be 

communicated by the researcher? 

Action research as an approach to practical knowing with others occurs in the 

outer world. The recursive AR cycles involve experiencing, understanding, 

judging, and taking action, manifesting a collaborative, reflective process of 

surfacing and learning new actionable management knowledge (Coghlan et al., 

2012). At the same time, Coghlan et al. (2012, pp.63) propose the notion of 

interiority that “involves shifting from what we know to how we know, a process of 

intellectual self-awareness.” Interiority supplies a system to assess the value of 
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practical knowing and theory generation within the ambit of AR, recognizing the 

purpose of the research and the roles performed in the inquiry. 

3.3. Action Research Modalities 

Shani et al. (2008) see collaborative management research as the “umbrella term” 

for collaboration between practitioners and researchers as well as insiders and 

outsiders, together forming a community of practice to generate new knowledge and 

actionable practices (Coghlan, 2010). Raelin (2009) shows several similarities across 

the action modalities:  

• The focus is on the context and collaboration of participants. 

• Learning and change occur by participants and within the system processes. 

• Reflection-in-action through facilitated reflection. 

• Double-loop learning leads to meta-competence. 

• Uncertain outcomes surfaced through dialectic interactions. 

• Basing the inquiry process on relevant theory and generating functional theory in 

practice.  

Action modalities can be differentiated according to the following: 

• The reality of the action. 

• The extensiveness of the collaboration between the participants. 

• The extent of the participants’ interactions. 

• The sustainability of the outcome. 

• The generation of new managerial knowledge.  

For each of these elements, how they are surfaced and included influences the 

quality of the inquiry. Coghlan (2010, p.151) suggests “how we know provides a 

general method” to understand how we undertake an action inquiry from within the 

alternative action modalities. In the action modality categorization of Coghlan is the 

recognition that the knower is “in here,” reflecting on contextual issues while also 

constructing mediated meaning, as experiences trigger questioning, which leads to 

judging, and informs actions. Raelin (2009) sees AR as the internal processes of 

learning and knowing occurring within the inquiry, integrating the participants’ 

meanings into what is being inquired about. Coghlan (2010, pp.159) clarifies the 

distinction between various AR modalities based on their generative insights. 
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Table 3-1 Action Modalities - Generative Insight and General Empirical Method 

Action Modality Generative Insight General Empirical Method 

Action learning 

There can be no learning without action 

and no (sober and deliberate) action 

without learning. Those unable to 

change themselves cannot change what 

goes on around them. 

L = P + Q. Subjecting experience to 

questioning insight in the company 

of peers and taking action. 

Action science 

People are unaware of their theories in 

use. Systemically analyzing reasoning 

and behavior to find causal links can 

produce actionable knowledge. 

Testing privately held inferences 

and attributions in action. 

Appreciative inquiry 

When people focus on what is valuable 

in what they do and try to work on how 

this may be built on, it uses metaphors 

and conversation to help 

transformational action. 

Attending to insights from the 

power of positive questioning leads 

to action. 

Clinical inquiry/research 

When researchers gain access to 

organizations at the organization’s 

invitation to be helpful and intervene to 

enable change, this is the most fruitful 

way of understanding and changing 

organizations. 

Helping clients attend to their 

experience, have insights into that 

experience, make judgments about 

whether the insights fit the 

evidence, and then take action. 

 

Cooperative inquiry 

Each person is a co-subject in the 

experience phases by participating in 

the research activities and a co-

researcher in the reflection phases. 

Continuing cycles of shared 

experiences, questions asked, 

insights generated, meanings 

articulated and tested in action, 

further questions and insights tested, 

understood, and acted on. 

Developmental action 

inquiry 

Learning to inquire and act promptly 

has central and implicit frames that each 

person acts out of in given periods. 

Inquiring-in-action through 

attending to the four territories of 

experience. 

Learning history 

Capturing what individuals and groups 

have learned and presenting it through 

the jointly told tale enables readers to 

know about organizational dynamics. 

Attending to and discussing one’s 

questions and insights through 

reading the experience and insights 

of others leads to shared 

understandings. 

For the participants involved in an AR inquiry, achieving an outcome based on 

cycles of action and reflection is a collaborative process. An added perspective of the 
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AR is to see it as a theory verification and knowledge generation process by the 

researcher, secondary to the primary aims of the participants. The AR process, when 

considered in a broader context, involves three perspectives: 

• Intentionality: When undertaking an AR inquiry, it is an activity purposefully 

undertaken to achieve an expected outcome through inviting participants, 

questioning the problem, taking action, and reflecting on the consequences. 

• Expectation: The cognitive behavior during the AR process of questioning, 

understanding, making judgments, and taking actions, aims to achieve an outcome 

expected to alleviate the consequences of a problem. Actions taken are to achieve 

the desired result. 

• Divergence: At the start of the AR inquiry, the process is about finding a 

suboptimal outcome that could be improved. Core to the first AR cycle of 

questioning, the later cycles of reflection, questioning, and action are concerned 

with a divergence of the outcomes being experienced from the result judged to be 

ideal. 

Using Coghlan’s (2010) perspectives of intentionality, expectation, and 

divergence, practitioners can group the seven approaches of action modalities. 

Table 3-2 Action Modalities 

Action Modality Action Intentionality Expected Outcome 
Reflection on 

Divergence 

Action learning 

(Revans, 1971; 1998) 

Within a select group, 

question a problem to 

explore courses of action 

to address best the issue 

perceived by the group, 

fostering learning within 

the group. 

Implement the group’s 

recommended action to 

test its effectiveness, 

followed by reflection 

before retrying another 

round of questioning and 

action if unsuccessful.  

Resolving the problem 

depends on the group’s 

interaction 

effectiveness and their 

perceived 

understanding of the 

problem. 

Action science 

(Argyris, Putnam, & 

Smith, 1985) 

Questioning the theory-

in-use instead of the 

espoused theory in 

addressing a problem to 

surface the disconnect 

between our actions' 

actual and expected 

outcomes.  

Using double-loop 

learning, the disparity 

between theory-in-use 

and espoused theory is 

uncovered as the basis 

for our actions and 

generates actionable 

knowledge for 

By continuing to 

experience a disconnect 

between an expected 

and actual outcome for 

a phenomenon, the 

cause is linked to 

inadequately 

questioning the 
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Action Modality Action Intentionality Expected Outcome 
Reflection on 

Divergence 

participants and 

researchers. 

progression from 

insights and 

participants' judgment. 

Appreciative inquiry 

(Srivastva & 

Cooperrider, 1987) 

The occurrence of 

positive phenomena 

within an organization 

can be used across other 

possibilities through 

metaphors and 

conversations. Positive 

questioning can lead to 

new insights and 

approaches within the 

same context. 

Based on positive 

questioning and 

reflection cycles, moving 

from experience to 

insights, then judgments, 

and leading to new 

actions based on a 

positive perspective. 

Failure to extrapolate a 

positive perspective 

across multiple arenas 

is because of structural 

impediments or an 

inability to have 

considered the total 

ambit of the two 

settings or not fully 

understanding the 

differences. 

Clinical 

inquiry/research 

(Schein, 1987; 1995; 

2008) 

The client decides on the 

need for the intervention, 

the participants to be 

involved, the desired 

outcome, and the process 

to follow. The researcher 

is “consulted” as an 

expert to help question 

the problem jointly with 

others and find a solution 

acceptable to the client. 

With the help of the 

researcher/consultant, 

the organizational issue 

will be resolved to the 

client's satisfaction, with 

the expectation that a 

workable solution can be 

found by engaging the 

proper consultant. 

The formulation of the 

problem, the selection 

of the participants and 

the researcher have not 

been well matched with 

the inquiry. The crux of 

the problem is correctly 

identified, but biases 

and defensive routines 

may have hampered the 

process. 

Cooperative inquiry 

(Heron, 1996; Heron 

and Reason, 2008) 

Collectively participants 

experiencing the same 

phenomena question the 

problem, discuss 

alternatives, and take 

action. The activities 

within the group are 

shared, with all 

participants having equal 

opportunities to 

contribute to engaging 

with other group 

members. 

By the participants 

engaging together to 

explore a common 

problem, the expectation 

would be that their 

actions would achieve an 

outcome that captures 

their shared knowledge 

and is the most effective 

resolution to the issue 

known to the group.  

Despite the intentions 

of the collective 

participation and 

actions of the group 

participants, no 

assurance can be held 

that it would include 

the most effective 

solution or that the 

makeup of the group 

has the ideal 

composition, or that a 

shared bias has not 

blindsided the outcome. 
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Action Modality Action Intentionality Expected Outcome 
Reflection on 

Divergence 

Developmental action 

inquiry 

(Torbert, 1991; 

Torbert & Taylor, 

2008) 

A prompt inquiry that 

questions beliefs and 

actions to develop 

insight and 

understanding of the 

individual and 

organization’s actions as 

they occur, including 

reflection loops to 

surface biased 

assumptions.   

The inquiry aims to 

reduce uncertainty by 

framing the problem, 

advocating actions, 

developing clarity 

through illustration, and 

inquiring if others share 

the same understanding. 

The failure to reduce 

the uncertainty around 

a problem can be 

caused by not acting 

timeously when the 

data is pertinent, not 

including all those to 

whom the issue is 

relevant, and not 

questioning actions and 

assumptions because of 

biases and firmly held 

beliefs. 

Learning history 

(Bradbury & 

Mainmelis, 2001) 

Questioning the events 

from the perspective of 

those with direct 

experience of the 

phenomenon in co-

junction with facilitators. 

The narratives can be 

juxtaposed to surface-

specific and broader 

understanding among 

participants. 

By reaching out to those 

directly involved and 

allowing them to reflect 

on their experiences and 

understandings of 

events, aspects not 

usually considered will 

be surfaced, giving a 

voice to those less able 

to express their concerns 

usually. 

As events unfold, 

failure to delve into the 

impact on those less 

visible in the context 

will, by default, present 

a biased understanding 

and open the future to 

unexpected 

consequences that may 

cause outcomes 

different from that 

intended by the primary 

action instigators. 

The categorization of the AR modalities, the situation, the circumstances, and the 

expected outcome of the AR intervention will guide which AR modality is best suited 

to meet the participants' overall aims. Based on the influencing factors, the AR project 

was most suited to the expectations of a cooperative inquiry. 

3.4. Cooperative Inquiry 

For the AR project, the focus was centered on the workplace requirement of 

participants making metal price forecasts often for planning purposes. When 

forecasting metal prices, the participants could experience a similar phenomenon, 

expecting that they have correctly considered all the possible influencing metal price 

factors but fundamentally knowing this could not be possible. Collaborating with other 
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participants in a comparable position opens the possibility of finding new insights that 

may positively contribute to future metal price forecasts' reliability. The benefit of 

transparently and collectively collaborating could allow all the participants to gain 

other insights and aid in making their future metal price forecasts. A potential 

shortcoming in using a collective approach with participants having a similar 

workplace environment is the risk of having common beliefs about future metal prices, 

manifested in anchoring around the same forecasted metal price levels. 

“Cooperative inquiry is a way of working with other people who have similar 

concerns and interests to yourself, in order to: (1) understand your world, make sense 

of your life and develop new and creative ways of looking at things; and (2) learn how 

to act to change things you may want to change and find out how to do things better” 

(Heron and Reason, 2001, pp.179). As an AR modality, a cooperative inquiry mirrored 

the concept, spirit, and outcome the AR project hoped to achieve by working with 

people for their shared benefit in exploring an alternative approach for a challenging 

workplace task.  

Forecasting future metal prices is prone to error. The final metal prices occur based 

on the subsequent interactions of thousands of market participants, making it 

improbable that a single or group of individuals could correctly predict all future 

events and estimate the expected future outcome in advance. Within their workplace 

practices, those trying to make reliable metal price forecasts share a “similar concern” 

of trying to “understand the world,” either acting alone or relying on third-party 

independent research to make their metal price projections. A possible practical way 

of sharing insights is for practitioners to find a “way of working with other people” 

with similar workplace requirements. The collaboration would be the “development of 

new and creative ways of looking at things,” opening the possibility of participants 

“learning how to act to change things” and, in the process, “finding out how to do 

things better” together.  

Using the AR modality of cooperative inquiry for the AR project was “research 

conducted with people rather than on people” (Heron and Reason, 2001, pp.179). The 

crux of the AR project was setting up a consensus survey panel of industry experts to 

work together to surface consensus metal price forecasts. Expanding on the idea of 

“with people,” in a cooperative inquiry, the project plan is shared between all the 

participants and the researcher, so all share in experiencing, understanding, judging, 
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taking action, and reflection, allowing everyone to influence the process. Action 

research involves enacting change relevant to a real problem and generating actionable 

outcomes. Cooperative inquiry achieves its aims because people choose to act together 

on a problem experienced by them and, in the process, revise their understanding of 

their world and practices.  

For Heron and Reason (2001), a cooperative inquiry has multiple cycles of 

reflection and action, starting with formulating the focus of the investigations. During 

the cooperative inquiry, the participants as co-researchers take action as planned, 

seeing the outcome and reflecting on any divergence from their prior expectations. 

Based on the observed results and reflections on deviations from expectations, the 

participants focus on the insights from the experiences within the cooperative inquiry. 

The culmination of the cooperative inquiry results in the reflection on the insights 

learned and formulation of how the outcome could inform the future practices of the 

participants. As an AR modality, a cooperative inquiry is based on repetitive cycles of 

reflection and action. The distinct phases envisaged within a cooperative inquiry could 

be seen in a broader context as consisting of successive rounds of cooperative inquiries 

to expand the reliability of the outcomes, the insights gained, and the workplace 

practices adopted. 

The interested participants are expected to jointly start the cooperative inquiry 

(Heron and Reason, 2001). The possibility that a few members or single-member co-

opt others to join the inquiry process is more likely. Alternatively, the impetus for the 

cooperative inquiry could come from an outside researcher who looks to gain entry 

through a shared area of interest. Heron and Reason distinguish if the cooperative 

inquiry involves the participants' shared experiences and reflections and whether the 

interactions between participants are limited to those participating in the cooperative 

inquiry. The AR modalities have recursive cycles of reflection and action that 

structurally may range from rational and methodical to impassioned and random 

(Heron and Reason, 2001). A further differentiation shown by Heron and Reason is 

whether the inquiry is primarily informative about the context and experience of the 

participants or transformative, focusing on how the participants' experiences changed 

due to the collaboration.  

The researcher's interest in consensus metal price forecasts for the AR project 

served as the nexus for constituting the cooperative inquiry. Participants with a similar 
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interest in metal price forecasting were co-opted to join the cooperative inquiry, which 

excluded other participants who did not wish to engage on the consensus survey panel. 

The researcher structured how and which metal price forecasts were to be investigated, 

using an asynchronous online website to allow diverse participants to collaborate. At 

the commencement of the AR project, the cooperative inquiry participants were 

informed how they could interact with the other participants, share and deliberate their 

insights, and take action by revising their metal price forecasts after reflecting on the 

emerging consensus and market metal prices. The AR project was aimed at 

collaboration in making consensus metal price forecasts, which were decided by the 

asynchronous interactions of the participants considering the estimates of their cohorts 

and the emerging market average metal prices, which required an open boundary 

approach for the cooperative inquiry. For the AR project, the metal price forecasts 

needed to fit in with the comparable market metal prices, which required a structured 

approach to the participants’ interactions. As the motivation for the AR project was to 

consider the workplace practice of forecasting metal prices and explore the possibility 

of setting up a consensus metal price forecasting panel, the cooperative inquiry was 

informative with the intention of becoming transformative in the future.  

3.5. Research Philosophy – Ontological Position 

At a point in time, the actual metal price, e.g., daily close or monthly average, 

as reported by international commodity exchanges and accepted by all interested 

stakeholders as the market reference price, is known. At any prior time, the 

certainty of the future metal price cannot be definitively known, as change can still 

occur until the final reference point. It is standard business practice for 

stakeholders involved in the natural resources industry to make estimates of what 

the future metal prices are going to be for planning purposes. In making their metal 

price forecasts, the estimators believe, or hope, that the outcome will correspond 

with their projection, inferring a reality to their outlook that may not eventuate. 

The relevant metal price forecasts are made within organizations by individuals or 

groups, who may consult outside sources to inform their estimates. Of all the metal 

price predictions made in practice, few will be absolutely accurate, with others 

being reasonably accurate sometimes. The expectation of the metal price 

forecasters that the actual future market metal prices would be comparable to their 

prior estimates infers an anchoring of their internal expectations on the expected 
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future external reality (Bazerman and Moore, 2008; Drummond, 2001). Over the last 

decade, the impairment for the top forty mining organizations amounted to around a 

quarter of a trillion United States dollars (PwC, 2021), partly reflecting the divergence 

between the expected and realized metal prices of mining organizations.  

The personal worldview of the metal price forecasters could ontologically be 

considered realism, as they each believe in their “real” future market metal price 

estimate (Sankey, 2000). The metal price forecasters infer a realism of their predicted 

metal prices, hoping they have considered the possibility of all the intervening factors 

that could influence the eventual outcome (Johnson and Duberley, 2003). In retrospect, 

some rationalization of why their metal price estimates proved wrong could be given 

by the metal price forecasters as they try to conceptualize where their paradigms of the 

expected future reality differed (Gioia and Chittipeddi, 1991; Weick, 1988). Their 

perceived reality is extrapolated into the future to create an expected outcome that is 

considered probable, inferring a sense that the conceived result is discernible by the 

metal price forecasters without an assurance that it will be (Easterby-Smith et al., 

2012).  

From a relativist ontological perspective, metal price forecasters have differing 

views about future metal prices. By contrast, it could a particular forecaster would 

have a dominant expectation (Easterby-Smith et al., 2012). The metal market 

interactions reflect the unique information held by the many metal market participants, 

which they have interpreted differently to form their worldviews (Hayek, 1945). The 

factors influencing metal prices are not likely to be the same, and their significance is 

uncertain over time. Consequently, individual market participants can perceive the 

expected interaction of all the factors differently, creating many expectations of future 

metal price levels (Collins, 1983). The market participants' diverse future metal price 

expectations imply a relativist ontological perspective. It would only be over time that 

a convergence of views would occur, resulting in the final market metal prices 

observable to all. Under a relativist ontological assumption, metal prices emerge from 

market participants' interaction. However, some participants would have more 

financial influence than others in deciding the eventual outcome (Easterby-Smith et 

al., 2012; Knorr-Cetina, 1983). 

The cooperative inquiry aimed to surface consensus metal price forecasts from 

several metal forecasting experts on a consensus survey panel. It was possible and 
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probable that the participants held different metal price expectations, creating a 

diversity of ontological perspectives on the consensus survey panel. As a cooperative 

inquiry participant, the researcher needed a relativist ontological perspective when 

considering the other participants' metal price forecasts. The ontological 

perspective reflected the AR project expectations of surfacing a collective 

consensus metal price from the different participants’ perspectives. For the AR 

project to succeed, it was crucial to allow the participants of the cooperative inquiry 

to share their insights and surface a consensus metal price forecast. The 

cooperative inquiry was premised on the individual participants' dichotomous 

ontological perspectives of realism and the relativist perspective when considering 

all survey panel participants' consensus metal price forecasts (Easterby-Smith et 

al., 2012).  

3.6. Research Philosophy – Epistemological Position 

The currently observable metal price could be perceived as the interactions of 

thousands of market participants, being the ongoing balancing of the market forces 

of supply and demand. If the market is in equilibrium, it could be assumed that the 

current metal price level will continue until some factor changes the market 

equilibrium, a positivist empirical assessment of market metal prices. 

Extrapolating the past reflects a positivist interpretation that assumes the past will 

continue influencing future events similarly (Easterby-Smith et al., 2012). The 

dynamic of future metal prices could be understood as the interaction of market 

participants based on their paradigms, which are not entirely known to other 

market participants, resulting in evolving metal prices determined jointly through 

the interactions of the market participants (Hayek, 1945). The ongoing interactions 

of the many market participants cause metal prices to appear as a joint social 

construction rather than being predetermined by any process, group, or prior 

understanding of metal price factors (Easterby-Smith et al., 2012).  

An ontological perspective of realism coupled with a positivist epistemological 

paradigm would assume future metal prices are forecastable. However, that would 

contradict observable outcomes that future metal prices cannot be forecasted 

consistently (Bek, 2013). The diversity of worldviews held by the metal market 

participants, including the CM panel members, would imply an ontological 

perspective of relativism and an epistemological paradigm of constructivism. The 
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multiple possible future metal price levels converge to a single discernible outcome 

through the interactions of all the market participants' results and their collective 

social construction of the market metal prices (Easterby-Smith et al., 2012). The CM 

panel participants' world views were their individual beliefs that did not represent the 

shared reality of the consensus metal prices that surfaced during the cooperative 

inquiry. By imposing a consensus metal price construct, the researcher created an 

operative paradigm for the research, drawing together the “realities” of the CM panel 

participants into another worldview (Sankey, 2000). “[W]hen paradigms change, the 

world itself changes with them” (Kuhn, 1970, pp.111). 

Examining the structure and context of the AR project, it occurred primarily within 

a social constructionist paradigm, as described below. 

Table 3-3 Structure and Context of the AR Project 

Role of the 

researcher 

Participant on the CM panel and acted as the moderator. (Coghlan and Brannick, 2014; 

Coghlan, 2007; Rowe and Wright, 1999). 

Element of interest 

Would it be possible to orchestrate a more sustainable metal forecasting practice for 

organizations in the natural resource industry? (Armstrong, 2001a; Hong and Page, 

2012; Sunstein, 2006). 

Questioning, action, 

and reflection 

Are the past practices for forecasting metal prices effective compared to a consensus 

forecast based on the shared insights of the CM panel participants? (Coghlan, 2007; 

Coghlan and Brannick, 2014). 

The research aimed 

to access 

Sharing expectations on the CM panel about future metal prices through sharing 

quantitative and qualitative insights to collectively surfacing consensus metal price 

forecasts (Creswell, 2012; Heron and Reason, 2001). 

Perspectives 

accessed 

Contrary to the prevailing practices of relying on organizational forecasts, encourage 

participants to share their metal price expectations and construct a joint consensus 

forecast as an alternative estimate (Heron and Reason, 2001; Rowe and Wright, 1999). 

Unit of analysis 

The individual participants and their future metal price predictions, and as the 

consensus panel deliberations unfolded, focused on the reliability of the alternative 

consensus estimates compared to the individual participants’ forecasts (Armstrong, 

2001a; Batchelor and Dua, 1995; Creswell, 2012). 

Generalization of 

the research 

Applying the principles of collective decision-making to a workplace problem and 

creating a forum to share insights and alternative future metal price expectations, 

explore the possibility of an alternative workplace practice (Heron and Reason, 2001; 

Hong and Page, 2012; Surowiecki, 2004; Tetlock and Gardner, 2016). 
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Research sample 

An exploratory AR project intended to examine the concept of a consensus metal price 

forecasting panel focused initially on two metals (Copper & Gold) and a limited 

number of participants to allow for the completion of the pilot study in a reasonable 

time (Creswell, 2012). 

Under a positivist paradigm, the research focus would have been quantitative, 

focused on the reliability of historical practices in metal price forecasts made by 

mining organizations and how these forecasts compared to later market prices 

(Easterby-Smith et al., 2012). Some industry participants could have considered 

metal price forecasting indeterminate under a positivist approach. While under a 

relativist social construction, other industry experts' aggregated metal price 

forecasts could collectively be regarded as a single forecast (Heron and Reason, 

2001). 

3.7. Research Methodology 

Different approaches are used in the natural resource industry to forecast metal 

prices, whether for budgeting, longer-term planning, or other strategic purposes. 

Amongst the more common methods used in practice to forecast metal prices are: 

• A historical multiple-year average or cyclical trend such as a moving average 

(Cuddington, 1992; Genre et al., 2013; Roberts, 2009; Tapia Cortez et al., 2018; 

Went et al., 2009). 

• Specialized research organizations rely on fundamental analysis based on the 

assumption that the forecasted metal prices will equate to the market equilibrium 

price level (Hayek, 1945), e.g., The Economist Intelligence Unit (2020), Thomson 

Reuters GFMS (2020), and Wood Mackenzie (2020). Some larger organizations 

with the necessary resources could also undertake a similar analysis internally. 

• An estimate based on the prevailing Futures metal prices, which are considered by 

some to represent anticipated future market conditions (Aggarwal et al., 2014; 

Aruga and Managi, 2011; Chen et al., 2013; Cheng and Xiong, 2013; Chinn and 

Coibion, 2010; Choi et al., 2015; Millard Fernández, 2016; Frankel, 2014; Gorton 

and Rouwenhorst, 2004; Goss and Avsar, 2013; Hu and Xiong, 2013; Huchet and 

Fam, 2016). 

• Consensus metal price predictions are prepared by organizations that supply the 

service based on forecasts obtained from third parties, primarily financial 
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institutions and researchers, e.g., Consensus Economics (2020) and Oxford 

Economics (2020). The results are presented as a consensus prediction, and the 

practice could be considered a statistical group average or median of the survey 

panelists. 

Alternative metal price forecasting approaches have been used to predict future 

metal price levels in the mining industry. However, over the last decade, the 

impairments incurred by the top forty mining organizations was a quarter of a trillion 

United States dollars (PwC, 2021), raising questions about the reliability of the 

historical metal price forecasting practices used in the industry.  

Forecasters face a challenge in making reliable metal price forecasts related to the 

emergent nature of metal prices. The influencing exogenous factors affecting future 

metal price expectations are emergent. 

• Changing consumption patterns, for example, decreasing or increasing 

manufactured product usage. 

• Changing economic conditions include growth, exchange rates, and trade tariffs. 

• Changing resource supply and demand conditions caused, for instance, changing 

political and economic policies.  

• Changing market perceptions in reaction to financial markets contagion (Shiller, 

2005) or the influence of speculators due to the financialization of commodities 

(Adams and Glück, 2015; Cheng and Xiong, 2013; Demirer et al., 2015; Mazur, 

2015; Yin et al., 2017).  

Some of the considerations used to inform expectations about future metal prices 

levels are: 

• Metal prices track global economic trends (Borin et al., 2012; Crowson, 2018; 

Fernandez, 2015; Haque et al., 2015; Issler et al., 2014; Stuermer, 2015; Stuermer, 

2017).  

• Metal supplies are finite at a particular time, and longer-term metal prices should 

reflect the marginal cost of future production (Deaton and Laroque, 2003, Dobra 

and Dobra, 2014; Gaugler, 2015; Golding and Campbell, 2014; Humphreys, 2019; 

Zhang et al., 2015). 
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• Metal prices are determined by the fundamental factors of supply and demand 

(Arbatli and Vasishtha, 2012; Beber and Pianay, 2016; Bredin and Poti, 2018; 

Boudoukh et al., 2007; Brooks et al., 2015; Cifarelli and Paesani, 2013; Gauvin 

and Rebillard, 2015; Gilbert, 1995; Guzmán and Silva, 2018; Hayek, 1945; 

Lescaroux, 2009; Tilton, 2018; Wellmer and Scholz, 2017). 

Using the same approaches to forecast metal prices could show a preferential 

information selection bias (Bazerman and Moore, 2008). Explicitly choosing not 

to consider the added insights of some market participants to the detriment of the 

reliability of the forecast may be a groupthink (‘industry’) bias (Janis, 1973). These 

biases may partially account for the periodic occurrence of significant impairments 

amongst mining organizations, e.g., from 2013 to 2015 (Drummond, 2001; PwC 

2021). The AR project was structured to evaluate how a CM panel with participants 

from diverse organizations, including the natural resource industry, could 

collaborate in making metal price forecasts over six months for copper and gold 

(Creswell, 2012; Heron and Reason, 2001; Rowe and Wright, 1999). By focusing 

on two metals and seven forecasting periods, the respective outcomes for each 

metal and forecast period could be evaluated, allowing triangulation of the results 

within the AR project (Stake, 2003). 

A case study was used to evaluate the viability of using a CM panel approach 

to collectively forecast metal prices as a possible alternative to existing practices 

in the natural resource industry (Creswell, 2012; Stake, 1995). While the CM panel 

participants were familiar with existing forecasting approaches, the AR project's 

uniqueness was the participants' observable collective interactions during the 

forecasting process. The collaboration allowed the CM panel participants to share 

their insights and metal price expectations while simultaneously seeing the other 

CM panel participants' insights and metal price forecasts. The AR project expected 

that the consensus estimates of the metal prices forecasted would be more reliable 

than the CM panel participants' estimates. The AR project questioned the assertion 

that the collective actions of many would outperform the actions of the individual 

participants (Hong and Page, 2012; Page, 2007). It reflects Surowiecki’s (2004) 

assertion of “the wisdom of crowds” [Emphasize added], a view commonly 

advocated for using pooled medians or averages. It contrasts with Perri-Coste's 

(1907) inference that Sir Galton’s (1907a) experiment’s accuracy was the possible 
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outcome of “the wisdom in crowds” [Emphasize added] rather than being purely the 

result of good dispersion around the central statistical measures. 

The CM panel aimed to evaluate if the participants' expectations about future metal 

prices were influenced by the other participants’ metal price forecasts and insights 

before making their subsequent predictions (Argyris, 1977; Creswell, 2012; Raelin, 

2009; Rowe and Wright, 1999). Specifically, would their interactions on the CM panel 

cause them to revise their last metal price estimates, improving the consensus metal 

price forecasts' reliability and helping all the participants (Bolger et al., 2011; Bolger 

and Wright, 2011; Rowe and Wright, 1999)? The process could have been seen as 

being cycles of action (forecasting), reflection (on shared forecasts and insights), and 

action (forecasting) (Coghlan, 2007; Coghlan and Brannick, 2014).  

The CM panel approach was a variation of the Delphi Method, with the role of the 

moderator eliminated by the observable sharing of all participants' interactions, albeit 

anonymously, in the AR project (Rowe and Wright, 1999). The AR project considered 

assessing whether the CM panel observable interactions caused the participants to 

revise their subsequent metal price forecasts. Suppose the observable interactions on 

the CM panel had minimal influence on the participants' subsequent forecasts. In that 

case, the significance of collective interactions could be considered as the limited 

occurrence of group deliberation in surfacing a consensus outcome. Alternatively, the 

consensus outcome could be considered more appropriate as the group members' 

aggregated independent insights (Bolger et al., 2011; Bolger and Wright, 2011; Rowe 

and Wright, 1999).  

The CM panel cooperative inquiry perceived the panelists' metal price forecasts as 

their relativist views while perceiving their subsequent interactions and predictions as 

their joint social construction. The CM panel reflected the social construction of an 

aggregated consensus estimate based on participants' interactions and emerging 

exogenous market events through the metal price forecasts submitted, reflecting an 

emergent worldview. (Creswell, 2012; Easterby-Smith et al., 2012). The recurrent CM 

panel’s asynchronous cyclical interactions reflected the AR element of the project. The 

cooperative inquiry explored an alternative approach to existing industry forecasting 

practices by examining the possibility of shared interactions between participants 

when making their metal price forecasts using a case study approach (Blatter, 2008; 

Coghlan, 2007; Coghlan and Brannick, 2014). Examining the process of metal price 
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forecasting as a dynamic information discovery process allowed the CM panel 

participants to revise their future metal price expectations. The cooperative inquiry 

investigated the significance of enabling participants to share their metal price 

forecasts and insights with their cohorts to inform their joint expectations about 

future metal prices and the collaborative emergent consensus estimates (Bolger 

and Wright, 2011; Hong and Page, 2012; Page, 2007; Rowe and Wright, 1999; 

Surowiecki, 2004; Tetlock and Gardner, 2016). An expectation was that the 

cyclical metal price forecasts of the CM panel participants would converge on a 

reliable consensus metal price estimate as an emergent and socially constructed 

phenomenon through their interactions on the CM panel (Coghlan, 2007; Creswell, 

2012; Easterby-Smith et al., 2012). 

The cooperative inquiry focused on the workplace practice of forecasting metal 

prices, which allowed the collecting and collating of the CM panel information that 

tracked the emergent interactions of participants’ metal price forecasts for copper 

and gold over six months (Blatter, 2008; Creswell, 2012). The AR project included 

both qualitative and quantitative elements, and it focused on the cyclical metal 

price forecasts and insights shared and observable by all the CM panel participants 

(Bolger and Wright, 2011; Rowe and Wright, 1999). The CM panel participants’ 

insights observable by all other participants, albeit anonymously, were explored as 

a possible contributory factor in the emergence of an aggregated consensus metal 

price forecast. Could collaborating contribute to a more reliable approach for 

forecasting metal prices in the workplace (Heron and Reason, 2001)?  

The case study allowed multiple participants to take part in making cyclical 

metal price forecasts collectively (Coghlan, 2007; Easterby-Smith et al., 2012). 

The elements explored in the case study would not have been possible to the same 

extent using other qualitative approaches that either focused on only one 

participant (narrative) or one aspect of forecasting (phenomenology) to achieve the 

same understanding (Blatter, 2008; Creswell, 2012). Using a case study method 

allowed a sense of the implications of collaborative metal price forecasting in the 

workplace and the consequences of cyclical observable interactions for surfacing 

consensus metal price forecasts.  

From a constructionist perspective, using a case study approach enabled the 

observation of the shared phenomenon of observable cyclical metal price 
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forecasting and how the CM panel participants' interactions surfaced the aggregated 

consensus metal price forecasts (Coghlan, 2007; Creswell, 2012; Easterby-Smith et 

al., 2012). Based on the method adopted, the observations from the case study opened 

the possibility of examining the theoretical generalizations about the concept of 

aggregated consensus metal price forecasting (Armstrong, 2008; Bolger et al., 2011, 

Bolger and Wright, 2011, Rowe and Wright, 1999). Using a case study approach 

reflected the similarity with the workplace challenges experienced by CM panel 

participants. It opened the possibility of considering the viability of using an industry 

survey panel in the future to source collective aggregated consensus metal price 

forecasts.  

Stake (2003) finds six elements that occur in conducting a case study in the context 

of an AR project. 

Table 3-4 Six Elements of a Case Study 

Element Remark 

Bounding the case Making copper and gold prices forecasts over six months. 

Research phenomena or issue 
Is a collective observable approach for forecasting aggregated 

consensus metal prices workable in the natural resource industry? 

Data to elucidate the issue 
The participants’ judgmental estimates and explanations submitted 

over the research period were collected using the CM panel website. 

Triangulation to explore the issue 
Compare the seven-year copper and gold forecasts to the aggregated 

consensus estimates and actual market outcomes. 

Alternative interpretation 

The observable interactions do not inform the participants' cyclical 

forecasts, and a systematic statistical aggregation method is more 

reliable. 

Assertions and applicability 

Information has value, so participants can achieve a more reliable 

outcome by sharing insights. The assertion rests on the assumption 

there is a willingness to share insights and consider the alternative 

perspectives offered. 

To Stake (2003, pp.136), “A case study is both a process of inquiry about the case 

and the product of that inquiry.” In exploring metal price forecasting as a cooperative 

inquiry, participants sought recognition for their participation on the CM panel, similar 

to the need for recognition observed at Wikipedia (Möller, 2003; Rijshouwer, 2019; 
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Wales, 2004), and reciprocity for the value contributed (Fisher, 1989; Fisher et al., 

2012; Ury, 2013). 

During the data collection phase of the AR project, from quarter four of 2020 

to quarter one of 2021, the COVID-19 restrictions negatively affected the CM 

panel participation, reducing the number of participants. Invites to participate in 

the AR project were sent to around 450 potential participants found through 

LinkedIn (2020). In addition, invites were sent to 62 gold mining organizations 

and 24 copper mining organizations. Of all the LinkedIn (2020) invites, 115 

accepted the invitation to connect. A follow-up email was sent to provide further 

information on the AR project to secure their participation. Apart from the 

potential participants, industry business associates were invited to participate in 

the AR project. The expectation was that this group of familiar colleagues would 

form a core around which the other participants could be encouraged to participate 

in the CM panel. Finally, 18 participants registered to forecast the copper price, 

and 17 participants registered to forecast the gold price. When the AR project was 

conceptualized, the prior expectation was to have between 15 and 20 active 

participants for each of the two metals.  

Amongst the potential LinkedIn (2020) participants found to take part in the 

CM panel were several industry experts who regularly take part in the annual 

LBMA Precious Metals Forecast Survey (LBMA-PMS) (LBMA, 2020). When an 

invitee declined to participate, he recommended reviewing the LBMA-PMS 

historical metal price forecasts. On closer inspection of the LBMA-PMS, it had 

significant similarities to the AR project approach. The main difference is that the 

LBMA-PMS had no observable participant interactions before forecasting and no 

later cyclical revised forecasts. The LBMA-PMS data presented the opportunity to 

triangulate the results from the CM panel, as it covered a more extended period, 

twenty-one years (Stake, 2003). 

LBMA-PMS (2020, pp.26) “THE RULES OF THE COMPETITION The aim 

of the annual survey is to predict the average, high and low price range for the 

year ahead in each metal as accurately as possible. The prediction closest to the 

average price wins a 1oz gold bar. In the event of a tie, the forecast range is taken 

into account.” The participating analysts also had to supply a brief comment for 

each precious metal they forecast, justifying their expected metal price estimates. 
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The LBMA-PMS analysts usually make their annual forecast following the first 

week of January in each year they participate. Before making their forecasts, the 

forecasters do not have sight of the forecasts of the other participants. After making 

their forecasts, the survey participants do not have the opportunity to revise or adjust 

their forecasts based on the predictions of other participants. The construction of the 

LBMA-PMS effectively yields the average of a statistical group, although the survey 

does not report the performance of the aggregated consensus estimates. For the 

LBMA-PMS, no guidance or restrictions are imposed on the forecasts made by the 

participants. A consideration in participating in the LBMA-PMS is the professional 

visibility it gives to the participants, “Published annually, our forecast is the most 

prestigious survey in the precious metals calendar,” representing the reciprocity for 

participating. 

Certain similarities and differences existed between the AR project CM panel, the 

Delphi Method, and the LBMA-PMS approaches. The differences stem partly from 

the application of these approaches in different settings. 

Table 3-5 Approach Comparison of CM panel, Delphi Method, and LBMA-PMS 

Description CM panel Delphi Method LBMA-PMS 

Participation 

By invite of the 

researcher and complete 

discretion of the 

participant. 

At the request of the 

arranging organization, 

with limited discretion 

of the participant. 

The choice of the 

participant and with the 

prior consent of the 

LBMA. 

Nature of 

participants 

Participants with a 

background in the natural 

resource industry. 

Experts with specific 

industry knowledge. 

Experts with 

acknowledged industry 

and forecasting 

expertise. 

Identity of 

participants 

Anonymous relative to 

other participants but 

known to the 

researcher/moderator. 

Anonymous to other 

participants but known 

to the moderator and the 

organization convener. 

Pseudo-anonymous 

before the publication 

because prior-year 

participation is known. 

Known to the convener 

and, after publication, 

known to all. 

Nature of 

participation 

Private, specific to the 

AR project. 

Private, within a 

particular organization. 

Open to public 

participation, which only 
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Description CM panel Delphi Method LBMA-PMS 

becomes known after 

publication. 

Role of 

moderator 

Facilitating information 

sharing between 

participants and 

observation by all 

participants’ forecasts. 

Controlling the 

distribution of 

information between 

participants and end-

users. 

Collation of forecast for 

widespread public 

dissemination. 

Communication 

between 

participants 

Indirectly, through the 

online portal with all 

other participants. 

Indirect, through the 

moderator. 

None, only possible 

outside of the LBMA 

forum after the event. 

Number of 

rounds 

Several, at the election of 

the participant. 

Several, at the election 

of the moderator. 

Single (Annual). 

Nature of 

forecasts 

Moderator decides on 

elements to be predicted 

and forecast parameters 

controlling inputs. 

A moderator decides on 

elements to be 

forecasted but could 

include participant input 

in a first-round 

LBMA specifies 

elements to be predicted, 

but participants have 

complete discretion on 

the range of forecasts  

Visibility of 

other 

participants' 

forecasts 

All forecasts and 

justifications of all 

participants. 

Limited by the 

moderator to average 

and partial 

justifications. 

None before publication, 

then full disclosure. 

Aggregation 

Mean and Absolute 

Percentage Error during 

the project. 

Mean or Median at the 

discretion of the 

moderator during the 

project. 

Focus on the most 

accurate individual 

forecast after the event. 

Use of outcome 

A research project aimed 

at informing a workplace 

practice. 

Specific and unique to 

an organization. 

Public relations and 

industry users. 

The assumption of anonymity within the three alternative approaches is 

questionable. Participants shared opinions about the inquiry may reveal their 

identities, which the participants are likely to be aware of (Rowe and Wright, 

1999). For the three alternative approaches, the role of the moderator is most 

influential for the Delphi Method in deciding the outcome by controlling the 

feedback shared with the participants (Dalkey and Helmer, 1963). Comparing the 

alternative methods of interactions between the participants opens the question of 
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how pivotal the role of the moderator is in deciding the outcome of the Delphi Method 

and whether it is necessary for all organizational settings.  

Linked to the role of the moderator is the importance of sharing information 

between successive rounds and the value of having multiple rounds. The role of the 

moderator under the Delphi Method is to reach a consensus result. The less confident 

but more correct participants may feel compelled to change their positions to conform 

to the view shared by the moderator, possibly influenced by the more confident 

participants (Bolger et al., 2011; Bolger and Wright, 2011). A similar possibility of 

peer pressure towards conformity could materialize with multiple rounds, biasing the 

outcome towards the standard view, which may not necessarily be the best estimate 

(Bazerman and Moore, 2008; Drummond, 2001; Janis, 1973; Rowe and Wright, 2011). 

Related to the issue of the number of rounds is the degree of ability of the 

participants. The idea that diversity contributes to the value of collective decision-

making permeates the concept of consensus decision-making from Aristotle through 

to the more recent expectations of Sir Galton (1907a), Surowiecki (2004), Sunstein 

(2006), Page (2007), Hong and Page (2012), and Tetlock and Gardner (2016). The 

trade-off between the number of rounds, the ability of participants, and the number of 

participants go to the fundamental structure of using a collective approach for reaching 

a consensus outcome. Rowe and Wright (1999) see the ideal design of a Delphi 

Method inquiry as consisting of three to four rounds, with a possible first exploratory 

round and with six to eleven participants. The complexity of the inquiry can influence 

the best structure regarding the number of participants and rounds, as it does if a 

judgmental estimate or a determinable quantifiable quantity is the subject of the 

inquiry. If the issue is complex, judgmental, and the outcome is emergent, the 

possibility of using a consensus approach may be a functional approach, as it taps into 

the collective insights of several participants simultaneously (Armstrong, 2008; 

Batchelor and Dua, 1995; Hong and Page, 2012).  

For an auction, the collective interaction of several participants decides the final 

price, with the identity of the other bidders known to the other auction participants. As 

the auction rounds progress, the number of participants usually tapers off. For an 

auction to be successful, it is helpful to have multiple participants initially, with the 

auctioneer (moderator) striving over successive rounds to drive the auction price 

higher. An auction does not aim to reach a consensus of the bidders but instead targets 
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the judgmental value of the highest bidder, which is hopefully the same as the 

seller’s expectation. Taking the average of all auction participants’ bids across all 

the auction rounds would not be a fair reflection of the best outcome. The price 

discovery is visible to all participants, with the actions of the participants driven 

by their unique judgmental values as envisaged by Hayek (1945). 

Taking the average of the last few bidders would more accurately reflect the 

consensus value of all the auction participants. Supposedly, the bidders in the 

auction had a preconceived target price in mind when they decided to participate. 

If it could single out the lead bidders at the auction's beginning and access their 

price targets, it could supply a reasonable estimate of the auction outcome. 

Stratifying the auction participants and discarding the lower bidders contradicts a 

consensus outcome but typifies the auction result more accurately. In most other 

markets that require a judgmental decision to transact, such as commodity 

exchanges, the price level at which the transaction occurs is either at the upper or 

lower limit, depending on the market direction. 

A consensus approach challenge is similar and dissimilar to the auction 

comparison. The auction participants have a common aim, the auctioneer 

(moderator) controls the process, and the actions of the auction participants 

culminate in achieving the auction outcome. Unlike some consensus inquiries, the 

participants in an auction are not anonymous. The auction bidders are both 

participants and potentially directly affected by the result of their actions, winning 

or losing the auction. Unlike an auction, the outcome could be positive, negative, 

or unchanged for consensus price inquiries. The possible range of outcomes makes 

predicting the expected direction of the result crucial, as potentially, the 

participants’ forecasting errors will not offset to yield a reliable average or median 

(Levy and Peart, 2002).  

The diminishing participation seen in auctions and mirrored in many survey 

panel approaches is accepted rather than questioned. The average is not the best 

estimate of the possible auction outcome. Those willing to reflect on the available 

insights and continue participating will decide the outcome. Commitment to 

ongoing participation is linked to the reciprocity participants receive from their 

fellow participants, achieving a result, and for themselves, the possible reward for 

being the last contributor. And just because a participant disengages from the 
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process does not necessarily imply they are no longer interested in the outcome, as is 

noticeable when bidders cease bidding in an auction. They continue to observe the 

auction to see the result, and survey panelists still consider the survey results after 

leaving. 

3.8. Research Method 

The AR project focused on evaluating the use of aggregated consensus metal price 

forecasts in the natural resource industry, focusing on the comparative reliability of 

the consensus outcome compared to an individual expert's estimates. As a workplace 

activity, metal price forecasting is undertaken in practice regularly. The AR project 

questioned if using an aggregated consensus forecasting approach in conjunction with 

or as an alternative to existing workplace practices merited consideration (Armstrong, 

2001a; Batchelor and Dua, 1995; Hong and Page, 2012; Surowiecki, 2004; Tetlock 

and Gardner, 2016). As a researcher and participant in the AR project, a challenge in 

testing the viability of using an aggregated consensus approach in practice was 

assessing the reliability of aggregated consensus metal price forecasts for use in the 

workplace in the future. Another element of the AR project was to consider what 

impact observable interactions had on participants' metal price forecasts and the 

reliability of the collective consensus outcome (Rowe and Wright, 1999). During the 

AR project, the cycles of action, reflection, and action were assessed by reporting the 

aggregated consensus average to evaluate if the cyclical interactions led to reliable 

consensus metal price forecasts (Coghlan, 2007; Coghlan and Brannick, 2014). 

Fundamentally, the AR project looked to investigate if participants' interactions caused 

an improvement in consensus metal price forecasts or if the aggregation of the 

participants’ first-round metal price forecasts could serve as reliable consensus 

estimates in practice.  

A custom website collected quantitative and qualitative forecasting participation 

data from the CM panel participants. The CM panel website enabled control of 

participation, collection of the forecasting data, and allowing and encouraging 

interaction among the participants in making their cyclical metal price forecasts. 

Although participation was open to all interested industry participants, the focus was 

on those participants with relevant experience in making metal price forecasts, aiming 

to assess the importance of “the wisdom in the crowd” [Emphasize added] 

(Surowiecki, 2004). The researcher controlled the selection of participants through the 
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invites sent, which aimed to seek participation from industry experts. Per the 

University of Liverpool’s ethical research requirements, registration on the CM panel 

website required accepting the ethical terms and conditions for participation in the 

AR research project before gaining access to the CM panel website. The 

registration terms and conditions mirrored the details in the invitation to participate 

in the CM panel (Annexure A: CM panel participant research project background, 

Annexure B: CM panel participant registration and consent form, and Annexure 

C: CM panel participant’s additional research information). 

Alternative approaches for collecting and collating multiple participants’ 

forecasts of metal prices were reviewed in planning the AR project. None of the 

available internet service providers used a method that met the planned AR 

project's quantitative and qualitative data collection approaches. In considering the 

alternative service providers, the researcher registered on the Estimize (2020) 

website in 2018 and took part as a forecaster making around 500 estimates. 

Estimize’s consensus data collection method informed the structuring of the CM 

panel website (Estimize 2020). Some significant differences were used in the 

approach taken for the AR project, using the CM panel website, compared to the 

Estimize (2020) process.  

• Unlike the Estimize (2020) approach of allowing interested participants to register 

and submit forecasts, the CM panel was by invitation and focused on industry 

participants interested in metal price forecasts. 

• The Estimize (2020) approach requires the participants to make a point estimate of 

the relevant economic measures. By contrast, the CM panel participants needed to 

submit probabilities for uniformly distributed metal prices centered around the 

prevailing market metal price at the inception of each forecasting period. 

• The Estimize (2020) website displays the market consensus average, the range of 

estimates submitted previously, and the historical trend for the relevant estimate 

before the participant submits their point prediction. The daily appropriate prior 

month's copper and gold Future’s metal prices were always graphically available 

on the website for the CM panelists. Before a participant had to submit their metal 

price forecast, the prevailing average probability distribution of metal price was 

graphically displayed on the forecasting input webpage. In addition, the most 
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recent justifications of participants were shown, allowing them to see other 

participants' rationale before making their metal price forecasts. 

• A significant difference compared to the Estimize (2020) approach and a definitive 

aspect of the AR project was requesting all CM panel participants provide a brief 

explanation (maximum of 150 words) to justify their metal price forecast. In 

keeping with the aims of a cooperative inquiry, the CM panel participants could 

observe and reflect on the other participants' metal price forecasts and insights 

before making their cyclical metal price forecasts. Provision was made on the CM 

panel website to allow participants to comment on their fellow cohorts' 

submissions to encourage interactions amongst participants further. 

• Like Estimize (2020), a ranking system encouraged the CM panel participants to 

make cyclical and accurate forecasts. The CM panel ranking methodology 

encouraged participants to submit cyclical predictions based on the CM panel 

interactions. 

• The CM panel website made it possible for the participants to review their own 

and other participants forecasting history, including the interactions that had 

occurred previously, to encourage reflection and action. The CM panel 

transparency enabled cycles of reflection and action (Coghlan, 2007; Coghlan and 

Brannick, 2014). 

While the CM panel approach had similarities to the Estimize (2020) participation 

process, it included transparency of CM panel participants’ justifications and the 

ability for the participants to reflect on the emerging consensus metal price and 

resubmit their metal price forecasts. The cyclical cooperative inquiry element allowed 

the CM panel participants to reflect on the actions of their cohorts before acting and 

making their subsequent metal price forecasts (Coghlan, 2007; Coghlan and Brannick, 

2014). To further encourage reflection and action, and create a neutral learning 

environment, anonymous participation on the CM panel was used by having 

participants register and take part using pseudonyms. The element of anonymity is like 

that used by Estimize (2020) and emulates the principle of anonymity recommended 

for the Delphi Method (Dalkey and Helmer, 1963; Rowe and Wright, 1999).  

In striving for diversity on the CM panel, participants from different world 

geographic areas and professional backgrounds were invited to participate. Each 

participant could make asynchronous metal price forecasts, allowing other CM panel 
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participants to see their estimates and associated justifications before making their 

estimates and comments for reflection by the CM panel participants. The focus 

throughout was to allow sharing of insights and expectations and, through seeing 

and reflecting on the actions of the other CM panel participants, subsequently make 

revised metal price forecasts. The CM panel aimed to use collective observable 

interactions to surface a consensus metal price forecast that could be useful within 

the workplace of the CM panel participants and explore the possibility of using the 

approach in a broader industry setting in the future. 

The cooperative inquiry investigated the viability of using consensus metal 

price forecasts in practice. The CM panel structure ensured total transparency of 

all participants' forecasts and justifications by all registered CM panel participants. 

The relevant metal price forecasts consensus averages for each forecasting period 

were accessible to all participants without the necessity of intervention by the 

moderator. The aggregation process was automated, as was the ability to access all 

previous metal price forecasts and their matching justifications, minimizing the 

role of the moderator. The automated aggregation of participants’ metal price 

forecasts ensured that the consensus average metal prices were continuously 

available to all participants. The ability to constantly observe the interactions of 

the CM panel participants was to encourage reflection and action by allowing 

ongoing cycles of metal price forecasts. The structure was similar to the Estimize 

(2020) approach in its transparency while differing from the Delphi Method, where 

the role of the moderator is more substantial in controlling the flow of information. 

Participants were requested to supply some demographic information when 

they accepted the invitation to participate in the CM panel without compromising 

their anonymity to assess CM panel members' diversity. The requested 

demographical information focused on the background of the CM panel 

participants. 

Table 3-6 CM Requested Participant’s Demographic Information 

Age (Years) 25< 25-35 35-45 45-55 55-65 >65 

Sex Male Female Blank    
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Geographic 

location 
Africa Asia Australia Europe 

North 

America / 

Canada 

South 

America 

Profession 

background 
Financial 

Human 

Resources 
Journalism Legal Technical Other 

Workplace Academic Consultancy 
Financial 

institution 

Mining 

organization 

Technical 

services 

Research 

organization 

Forecasting 

approach 

Econometric 

modeling 

Fundamental 

analysis 

Futures 

prices 

Historical 

averages 

Sourced 

from 3rd 

parties 

Technical 

analysis 

The motivation for requesting the demographic information of participants was to 

assess the significance of diversity, with the expectation that the difference in insights 

would encourage more cyclical forecasts and improve the reliability of the aggregated 

consensus metal price forecasts (Armstrong, 2008; Batchelor and Dua, 1995; Hong 

and Page, 2012; Page, 2007). 

The CM panel justification requirement aimed to evaluate the factors perceived as 

informative by participants in forecasting metal prices (McKay and Marshall, 2001; 

Rowe and Wright, 1999). Allowing interactions as a part of the CM panel enabled the 

participants to interact, share their insights, and reflect on the opinions of other 

participants (Coghlan, 2007; Coghlan and Brannick, 2014). For the cooperative 

inquiry, it made it possible to assess how collective interactions influenced the 

emergence of the aggregated consensus metal price forecasts and inform the 

importance of interactions when considering using a similar approach as an alternative 

workplace practice in the future (Page, 2007; Rowe and Wright, 1999). Considering 

the CM panel forecasted metal prices reported in the relevant metal markets, the 

website included a daily update of the market metal prices for the applicable 

forecasting periods to encourage additional recursive forecasts (Creswell, 2012; 

Easterby-Smith et al., 2012).  

Figure 3-1 CM panel Copper Forecast Input Web Page shows an example of the 

Copper Forecast Input page from the CM panel website. 
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Figure 3-1 CM panel Copper Forecast Input Web Page 

The CM panel Forecast Input web page included a table and graph that allowed 

participants to see the current aggregated consensus results before making their 

metal price forecasts. 

 

Figure 3-2 CM panel Copper Input Consensus Average Graph 

And to allow for reflection and asynchronous interactions, the CM panel 

website included a summary of the most recent metal price forecasts and the 

matching justifications. 
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Figure 3-3 CM panel Summary of Participants' Copper Forecasts 

The CM panel website included the daily Futures metal prices (CME Group, 2020) 

to inform participants' forecasts and encourage recursive metal price forecasts. 

 

Figure 3-4 CM panel Copper Futures price graph 

The CM panel website had several aggregation web pages that allowed participants 

to track the ongoing aggregation of the consensus forecasts to encourage reflection and 

recursive metal price forecasts. 
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Figure 3-5 CM panel Copper Aggregation Table and Graph 

 

Figure 3-6 CM panel September Copper Recent Forecasts Graph and Comments 
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Figure 3-7 CM panel Copper 2021 Aggregated Expected Value Table and Graph 

To encourage the CM panel participants to make revised cyclical metal price 

forecasts, the forecasts of all participants were available on the CM panel website for 

consideration by the participants. By making all prior CM panel participants' 

predictions observable and the latest aggregated consensus average, the cooperative 

inquiry encouraged adopting the aggregated consensus approach as an alternative 

workplace practice. 

 

Figure 3-8 CM panel September 2021 Copper Graph and Participants' Forecasts 
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Figure 3-9 CM panel September 2021 Copper Participants' Prior Forecasts 

The final element on the CM panel website that aimed at encouraging recursive 

forecasts based on the information available to the CM panel participants was 

ranking the cyclical estimates at the end of each forecasting period. 
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Figure 3-10 CM panel Copper Rankings March 2021 

Approximately 500 invites were sent in the middle of 2020 to potential participants 

to participate in the AR project. Initially, over 100 invitees had expressed an interest 

in the AR project. Later in 2020, many organizations implemented work-from-home 

arrangements due to COVID-19. Consequently, the later registration and participation 

on the CM panel were affected, with 26 registered participants and 12 active 

participants rather than the expected 15 to 20 active participants per metal (gold and 

copper). Sourcing the historical LBMA Precious Metals Survey (LBMA-PMS), data 

allowed triangulation with the metal price forecasts collected from the CM panel 

participants.  

The main difference between the CM panel and LBMA-PMS forecasts was that 

they were made annually and involved no prior official interactions between the 

participants or the opportunity to revise their forecasts later. The annual gold LBMA-

PMS forecast between 2000 and 2020 was sourced directly from the LBMA (2021), 

with most yearly surveys readily available on their website. Below is an example of 

the LBMA-PMS gold forecasts made in 2020. The annual LBMA-PMS requires each 

participant to forecast the estimated maximum, minimum, and yearly average of the 

daily precious metal price fixes reported by the LBMA (2021). In addition to the 

numerical estimates of the metal prices, the LBMA participants must briefly explain 

their metal price forecasts (Annexure E: LBMA-PMS 2001 forecasts). The 
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aggregation of the LBMA-PMS was tabulated and reported compared to the 

forecasted January gold price at the beginning of each year. 

Table 3-7 LBMA-PMS 2001 Participants' Gold Forecasts 

No Name Company City High Low Average 

1 Arnold, Ted Prudential-Bache Int. Ltd. London $283 $250 $268 

2 Bianchini, Egizio Nesbitt Burns Toronto $315 $260 $280 

3 Christian, Jeffrey CPM Group New York $314 $255 $294 

4 Crisp, Kevin Credit Suisse First Boston London $300 $250 $275 

5 Cross, Jessica Virtual Metals London $310 $250 $283 

6 Fewings, Martin NM Rothschild & Sons London $300 $250 $280 

7 Goode, Keith Bell Securities Sydney $290 $270 $277 

8 Hawkes, Neil CRU International London $290 $250 $265 

9 Klapwijk, Philip GFMS London $290 $252 $271 

10 Laserre, Frédéric SG Paris $300 $250 $270 

11 Levine, Howard Bear Sterns & Co New York $320 $260 $289 

12 Mallalieu, David Scotia Capital Inc. Toronto $300 $250 $286 

13 McConvey, Daniel Goldman Sachs New York $295 $250 $275 

14 Murenbeeld, Martin M. Murenbeeld & Assoc. Vancouver $324 $256 $297 

15 Naqvi, Kamal Macquarie Bank London $300 $240 $275 

16 Norrish, Kevin Barclays Capital London $295 $250 $267 

17 O'Connell, Rhona Canaccord Capital (Europe) London $325 $265 $285 

18 Panizutti, Frédéric MKS Finance SA Geneva $320 $260 $282 

19 Reade, John UBS Warburg London $310 $260 $282.5 

20 Rhodes, Jeffrey Standard Bank London Dubai $295.65 $253.50 $272.40 

21 Rijnbeek, Hennie Rabobank International London $295 $255 $268 

22 Smith, Andy Mitsui & Co. London $290 $210 $250 

23 Takai, Bob Sumitomo Corp Tokyo $285 $255 $265 

24 Ward, Peter Lehman Bros. New York $295 $240 $265 

 AVERAGE   $301.74 $251.31 $275.91 

3.9. Data Analysis 

One of the expectations in structuring the AR project and collecting metal 

price forecasting data on the CM panel was that the participants' cyclical 

interactions would result in more reliable metal price forecasts (Armstrong, 2008; 

Coghlan, 2007; Coghlan and Brannick, 2014; Rowe and Wright, 1999). A 

complication in testing the emerging reliability of forecasts from October 2020 to 

June 2021 was the increased level of metal price volatility in response to the 

economic uncertainty resulting from the COVID-19 outbreak. The annual LBMA-

PMS data collected did not have the recursive forecasts within a single year, 

making the market volatility less of a factor in assessing the reliability of these 
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forecasts. A factor that came to the fore in testing the reliability of both sets of 

metal price forecasts was correctly predicting the future market metal price 

direction. Suppose the forecasters incorrectly predict the metal price direction. In 

that case, the assumption of the participants' forecasts being evenly distributed 

around a central estimate, such as the median, becomes less applicable. 

In assessing the quantitative reliability of the CM panel metal price 

forecasts, the AR project also evaluated the importance of the participants’ forecast 

justifications. A section was included on the CM panel website for the participants 

to justify their metal price forecasts and comment on the justifications of other 

participants and their associated metal price forecasts. The expectation was that 

their cyclical interactions would lead to revised forecasts reflecting their insights 

from the observable interactions of the diversified group of participants. The 

moderator controls the participants' shared interactions compared to the Delphi 

Method. No such filter was applicable for the CM panel interactions, and the CM 

panel participants had the opportunity to comment on their cohorts’ views.  

Based on the theory of collective decision-making, spanning from 

Aristotle’s 4th-century summation views to the 20th and 21st-century aspects of 

aggregation, deliberation, and collaboration, the metal price forecasters could 

reflect on the shared insights of their peers and use the information to inform their 

predictions (Armstrong, 2001a; Baker, 1976; Batchelor and Dua, 1995; Aristotle 

and Everson, 1988; Galton, 1907a; Hayek, 1945; Hong and Page, 2012; Rowe and 

Wright, 1999; Sunstein, 2006; Surowiecki, 2004; Tetlock and Gardner, 2016). 

An element of the AR project was assessing the reliability of consensus 

metal price forecasts to assess if it was practical as an alternative workplace 

practice. Comparing forecasts across different periods and metals is challenging 

because the absolute forecasting errors are not comparable, as the scale can change. 

The average LME copper price for October 2020 was USD6’703/metric ton, and 

for March 2021 was USD8’504/metric ton, a 27% increase over six months. For 

the LBMA-PMS, the average consensus forecast gold price in 2000 was 

USD297.83/ounce. In 2020, the LBMA-PMS average gold forecast was 

USD1’558.82/ounce, the peak occurring in 2012 with an average of 

USD1’766.23/ounce. The fivefold increase in the gold price over the twenty-one 

years would make comparisons of measures based on the absolute unit of 
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measurement incomparable. The Mean Square Error (MSE), calculated as the 

squared difference between the forecast and the average market metal price, would 

increase as the gold price increased. At the same time, the relative forecasting error 

could be less. Using the Absolute Percentage Error (APE) eliminated the scale in 

measuring the forecaster’s reliability error. The APE is the absolute difference, 

ignoring positive or negative, between the forecast and the actual average market 

metal price divided by the actual market metal price to yield a consistent scale-

independent measure of forecasting accuracy. 

In analyzing the data from LBMA-PMS to identify trends in the APE of 

individual forecasters, specifically the aggregated consensus average, no 

noticeable or discernible trend could be observed. The graph below shows the APE 

of the LBMA-PMS forecasters for the twenty-one years, and what is evident is the 

erratic trend for the individual participants and the aggregated consensus average 

(LBMA, 2020).  

 

Figure 3-11 LBMA-PMS Gold Forecasters’ APE 

Reviewing the academic literature on comparing forecasts became necessary to 

address the complication in analyzing the quantitative data collected because of the 

inconsistent APE results for the LBMA-PMS forecasts. Numerous references to 

forecasting accuracy relate to weather prediction, which involves analytical modeling 

and expert judgment elements, similar to what occurs in metal price forecasting (Brier, 

1950; Gilbert, 1987). A focus on assessing forecasting accuracy exists within the field 
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of econometrics, with the work of Theil (1961; 1966) attracting support and dissension 

(Ahlburg, 1984; Armstrong, 2001a; Bliemel, 1973; Koutsoyiannis, 1977). In framing 

the issue of forecasting accuracy, “Principles of Forecasting” by Armstrong (2001a) 

and “Another look at measures of forecast accuracy” by Hyndman and Koehler (2006) 

were reviewed. The following is a summary of the classification of the measures of 

forecast accuracy, detailed in the two sources mentioned, albeit not solely their 

derivations.  

Four classifications of measures of forecasting accuracy can be identified, with the 

calculation of several of the measures possible based on alternatives such as the 

arithmetic mean, the median, and the geometric mean (Armstrong, 2001a; Hyndman 

and Koehler, 2006): 

• Scale-dependent measures: Based on the forecast deviation from the actual 

reference value. The unit of measurement of the data makes comparison across 

different categories or periods difficult. Examples of these measures are the Mean 

Square Error (MSE), Mean Absolute Error (MAE), and Root Mean Square Error 

(RMSE). 

• Percentage error measures: Based on the deviation of the forecast from the actual 

reference value divided by the actual reference value. The division by the actual 

reference value eliminates the scale issue, making a comparison across different 

categories and periods comparable. Examples of these measures are the Absolute 

Percentage Error (APE), Mean Absolute Percentage Error (MAPE), and Root 

Mean Square Percentage Error (RMSPE). 

• Relative error measures: Calculated by taking the forecast deviation from the 

actual reference value and standardizing the result by dividing it by another 

relevant reference value, such as the prior period reference value. Because the 

measure is standardized through a similar scale reference value division, the result 

is not scale-dependent and can be compared across categories and periods. 

Examples of these measures are Mean Square Relative Error (MSRE), Mean 

Absolute Relative Error (MARE), and Mean Absolute Percentage Relative Error 

(MAPRE). 

• Relative measures: Instead of standardizing the forecast deviation through division 

by a reference relevant value, the forecasted deviation is divided by a similar 

benchmark value, such as one obtained from an alternative forecasting approach. 
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The division by a comparable scaled value ensures the result is scale-independent 

and allows for comparison across categories and periods. Using the prior period 

value as the divisor implies a comparison to an expected static trend, referred to 

sometimes as the “naïve” forecast used as a measure of relative accuracy assuming 

no change. Examples of these measures are Relative Mean Square Error 

(RelMSE), Relative Mean Absolute Error (RelMAE), and Relative Mean Absolute 

Percentage Error (RelMAPE). 

In deciding on the measure of forecast accuracy, Armstrong (2001a) 

recommends several areas for assessing the error measurements: 

• Select error measurements independent of scale if comparisons are made across 

categories or periods. 

• The error measures should be recognized and understood within the context of the 

forecasts. 

• Use error measures that are understandable to the target audience without undue 

difficulty or computational complexity. 

• Take care to use error measures that consistently report the results rather than 

measures that obscure outcomes, thereby biasing the results in a particular way. 

• Consider the impact of outliers in calculating the results, as aggregated measures 

are influenced. 

• Use care in using correlation as a relative accuracy measure across periods, as the 

underlying environment might be vastly different, obscuring or causing correlation 

outcomes that may not be indicative. 

• Measures based on squared errors would be influenced by outliers, even if the 

measure is the square root of the calculated results. 

• Use multiple error measures to report the results, even when using a predominant 

measure to discuss the results. 

• In evaluating the forecast results, consider the alternative “naïve” benchmark or a 

similar option based on the ex-ante information as a comparison. 

• Focus on “practical significance” instead of “statistical significance” in reporting 

the results, mainly if the results are not from similar events. 

• To test the validity of the “practical significance” reported, conduct ex-post tests 

to measure the reliability of the results. 
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• Ensure the sufficiency of the sample size to conclude the results' reliability. 

Another aspect of sample size is replicating the sampling to make the successive 

samples comparable. 

• Consider the trade-offs between costs and benefits, both in terms of monetary value 

and time, as the possibility of sampling the entire relevant population is unlikely 

to be workable or possible. 

In reviewing the literature on forecast accuracy, it was noted limited attention was 

devoted to defining how the various measures are calculated. The issue surfaces in the 

discussion of Theil’s U statistic on whether the calculation should be based on the 

forecast value change or the forecast value's absolute value (Armstrong, 2001a; 

Bliemel, 1973; Ahlburg, 1984). If the change in the forecasted value is small, the 

resulting calculation based on change can yield calculated accuracy measures that tend 

towards infinity. For the AR project, after considering both the change and absolute 

values in calculating the error measurements, the decision was taken to focus on the 

absolute values. The benefit was that it negated reporting substantial error 

measurement results unless the metal price changes were minor. It also ensured the 

basis of calculating the error measurements aligned with the base of the forecasts 

made. A secondary consideration in calculating the error measurements was assigning 

the forecast's deviation compared to the actual reference value to the numerator and 

the benchmark reference actual value to the denominator in the error measure 

calculations. The consequence was consistently comparing the results for the various 

error measurements. 

Criticism of the Theil U(II) Index for reporting substantial error measurement 

when the denominator change is small is discussed by Bliemel (1973) and Ahlburg 

(1984). Despite the criticisms, the Theil U(II) Index proved useful in AR project 

quantitative analysis for comparing aggregated consensus estimates and individual 

participant forecasts. The Theil U(II) Index used the absolute rather than relative 

values change to address the calculation criticisms. The difference between the actual 

reference value and the forecast's median was used in the denominator to supply a 

referential benchmark index. Values greater than one showed less accurate forecasts; 

below one, more accurate forecasts. The calculated Theil U(II) Index was the RMSE 

based on the forecast and actual reference value divided by the RMSE based on the 

forecast's median and the actual reference value. Intuitively, The deviation of the Theil 
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U(II) Index from one for the forecasts and aggregated consensus estimates showed the 

extent they could be judged accordingly for their forecasting accuracy (Armstrong, 

2001a; Theil, 1961; 1966).  

Another consideration in choosing the Theil U(II) Index was the ability to 

decompose the Mean Square Error into its three constituent elements, as recommended 

by Koutsoyiannis (1977), Stewart and Lusk (1994), Page (2007), and Hong and Page 

(2012). The first element relates to the difference between the actual and forecasted 

means and is referred to as the bias element, being the difference between the actual 

and expected values. The second element relates to the difference between the actual 

and forecast variances and is called the variance element, which is the difference in 

variation between the actual and expected outcomes. The third element relates to the 

extent the actual and forecast results do not change in tandem and refers to the 

covariance element. The extent to which the actual and forecasted outcomes are not 

changing in sync. Conceptually, the bias and variance elements could be addressed by 

expanding the forecasting pool and reducing the negative error measures by including 

more estimates in the aggregated consensus estimates. The last element, the covariance 

element, is less easily reduced and depends on improving the forecasting skills of the 

forecasters to ensure better identification of the actual trends (Koutsoyiannis, 1977). 

Measuring the relative accuracy of the forecasting participants and the aggregated 

consensus estimates was a crucial element of the AR project for finding a reliable 

forecasting approach. For the CM panel, participants were ranked according to their 

forecasting accuracy. For the LBMA-PMS, the participants were ranked based on the 

APE of their forecasts compared to the actual average metal price reported by The 

Independent Precious Metals Authority (2020). The expectation when the AR project 

was conceptualized, based on the “wisdom of crowds” literature, was that the 

aggregated consensus average would be the most reliable measure of forecasting 

accuracy. The CM panel data collected and the annual LBMA-PMS gold forecasts for 

the twenty-one years from 2000 to 2021 were ranked based on the APE for each 

participant as a reflection of forecasting accuracy. The following aggregated consensus 

estimates were used to quantitatively analyze the forecasts from the CM panel and the 

LBMA-PMS.  

The term “aggregated consensus estimates” refers collectively to the following 

statistical measures when referenced in this AR report: 
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• Consensus Average: The arithmetic average of the forecasts made. 

• Consensus Median: The forecast's median or mid-point with 50% above and below 

the median value. 

• Lower Quartile: The lower quartile of the forecasts made with 25% of the forecast 

below and 75% above the lower quartile value. 

• Upper Quartile: The upper quartile of the forecasts made with 75% of the forecast 

below and 25% above the upper quartile value. 

Forecasters can be considered experts within their fields, and the logic would be to 

seek the advice of the most reliable forecaster when relying on forecasted metal prices. 

Metal price forecasting is judgmental, so no forecaster could be expected to predict 

future metal prices reliably and consistently. A graph of the LBMA-PMS APE was 

made to identify any discernible patterns of consistency, but no clear trends were 

observable (Figure 3-11 LBMA-PMS Gold Forecasters’ APE). The Mann-Kendall 

statistic (Mann, 1945; Gilbert, 1987) and the Sign Difference (Moore and Wallis, 

1943) were calculated for the LBMA-PMS forecasters and the consensus average to 

verify the lack of consistency in APE trends and the ranking of forecasters. In addition, 

to check for the consistency of forecasting accuracy across successive periods, the 

relative correlation between consecutive periods was computed as a correlation Test-

Retest coefficient (Guttman, 1945; Weir, 2005). 

A crucial part of forecasting reliability is correctly predicting the future direction 

of the market's metal prices. Any mistake in predicting the market direction would 

significantly affect the APE and account for some variation seen in the APE across 

successive periods. The probability of correctly predicting the direction of market 

metal price changes for the LBMA-PMS forecasters’ was evaluated for reliability. The 

forecasted metal price direction and the actual market direction changes conditional 

probabilities were computed. The calculated conditional probabilities were 

differentiated according to the relative gold price in the first week of January of the 

forecasted year versus the prior year's average. From an AR project and a workplace 

planning perspective, finding the reliability of forecasting market metal price 

directional changes was a significant factor in improving the forecasting reliability of 

metal prices.  

At the commencement of the AR project, the quantitative analysis focused on the 

APE for the respective forecasts made for the different periods and metals. The APE 



108 

is a simple calculation, and the collected quantitative data were tabulated in Microsoft 

Excel (Version Professional Plus 2021) (Microsoft Excel, 2021). The decision to use 

Microsoft Excel to perform all the error measurement calculations was also the benefit 

of observing data trends, patterns, and any discrepancies in the computational results. 

To verify the computations, the Microsoft Excel Add-in NumXL Pro: Time Series and 

Statistics Software (Version 1.67) (Spider Financial Corp, 2021) was used to perform 

the error measurements in tandem. 

In addition to the quantitative element of forecasting metal prices, the cooperative 

inquiry also included a qualitative aspect that required participants to justify their 

forecasts. When called upon to supply a rationalization for our opinions, it may add 

greater certainty to the thought process. It could be because of the need to be more 

reflective than an impulsive response or because it encourages considering the biases 

that could influence the estimation more consciously (Argyris, 1977; Bazerman and 

Moore, 2008; Drummond, 2001). For the cooperative inquiry, the expectation was that 

the CM panel participants' interactions would positively influence their cyclical metal 

price forecasts, enhancing the reliability of the emerging aggregated consensus 

estimates. When conducting a Delphi Method project, a recommendation is that 

participants explain their judgments, which the moderator reviews and shares with the 

participants as deemed necessary. The motivation for sharing the information in a 

Delphi Method project is to surface added insights based on the collective knowledge 

of all participants (Dalkey and Helmer, 1963; Rowe and Wright, 1999). In the research 

conducted by Tetlock and Gardner (2016) in the Good Judgment Project, the benefit 

of participants' interactions was identified as contributing to the more reliable 

outcomes realized. There are two significant aspects underlying the inclusion of 

justifications in the AR project. Firstly, do participants exercise more consideration in 

making forecasts when explaining the basis for their estimates? Secondly, does the 

ability to see and interact with other participants prompt reflection and action?  

The CM panel included a provision for the participants to justify their metal price 

forecasts. For the annual LBMA-PMS, the participants making forecasts had to explain 

the basis of their forecasts. A significant difference between the two data sets was that 

the CM panel forecaster’s participation was anonymous, private, and for a short 

duration, six months. For the LBMA-PMS forecasters, participants were known, the 

forecasts were public and widely seen within the industry, and the forecasts only 
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occurred annually. Because of the fundamental underlying differences between the 

two forecasting forums, it was expected the participants would exercise equal diligence 

in substantiating their forecasts.  

The CM panel justifications were analyzed according to the word count, diversity 

of ideas presented, and frequency. The expectation was that a consistent pattern for 

each participant would be discernible, reflecting their thought processes when 

forecasting metal prices. An expectation was that no significant shift in outlook would 

occur over a short duration other than in response to external exogenous influences. 

The cooperative inquiry element of interest was whether participants reflected on the 

CM panel interactions before making their cyclical metal price forecasts based on the 

reference to their cohorts’ forecasts and justifications. Lack of reference to the CM 

panel interactions and a greater focus on exogenous events could show an ego bias 

among the participants, with their reflections outwardly focused on the activities of the 

cooperative inquiry (Bolger et al., 2011; Bolger and Wright, 2011). From a research 

perspective, the focus was on the collective interactions of the participants. As an 

interacting group, would they be more capable of making reliable metal price forecasts 

than any individual participant? The qualitative analysis of the CM panel data was 

done using WordSmith Tools (Version 8) (Scott, 2020), and the output was tabulated 

and analyzed in Microsoft Excel (Microsoft Excel, 2021). 

The forecast explanations sourced from the annual LBMA-PMS were analyzed 

differently from the CM panel data to avoid ethical issues based on the data source. 

Unlike the CM panel data, the participants in the annual LBMA-PMS were not 

approached and asked permission to analyze and discuss the findings of their 

explanations for the AR project. Although the LBMA-PMS participation was public, 

analyzing and discussing the participants’ explanations individually and reporting on 

the comparisons and findings could harm the participants’ professional standing within 

the industry. The AR project aimed to evaluate collective actions by testing the 

reliability of aggregated consensus metal price forecasts compared to the estimates of 

particular forecasters. Consequently, the LBMA-PMS participants' annual 

justifications were analyzed as a single annual collective justification.  

Based on research conducted by the World Gold Council (Gold, 2021), they 

identified several factors that influence the future price of gold: 
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• Wealth and Economic Expansion: GDP growth drives the demand for gold as an 

investment and for industrial applications, particularly in emerging markets. 

• Risk and Uncertainty: Gold is seen as a hedge against inflation, interest rate 

movements, and changes in money supply in key major economies. 

• Opportunity Cost: The interest on sovereign risk-free investments compared to the 

holding cost of gold. 

• Momentum and Positioning: The trend in future market open positions compared 

to the level of the gold price and the changing levels of the new gold supply. 

Using the categorization of the factors identified by the World Gold Council (Gold, 

2021) as a guide, the following formulation was used to group the occurrence of 

keywords in all the annual LBMA-PMS gold forecast explanations. 

Table 3-8 World Gold Council Key Factors 

World Gold 

Council Key 

Factors 

Economy Demand 
Risk / 

Uncertainty 

Opportunity 

cost 

Trends / 

Supply 

Economic √         

USA √         

World √         

Oil √         

Demand   √       

Market   √       

Central Banks   √       

Metal   √       

Production hedge   √       

Asset   √       

Jewellery   √       

ETF   √       

Reserve   √       

China   √       

India   √       

Asia   √       

US Dollar     √     

Currency     √     

EUR     √     
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World Gold 

Council Key 

Factors 

Economy Demand 
Risk / 

Uncertainty 

Opportunity 

cost 

Trends / 

Supply 

Risk     √     

Inflation     √     

Policies     √     

Geopolitical     √     

Political     √     

Environment     √     

Safe-haven     √     

Interest Rates       √   

Investor       √   

Investment       √   

Federal Reserve 

Bank 
      √   

Equity Exchange       √   

Fund       √   

Supply         √ 

Producer         √ 

Mine         √ 

Production         √ 

After standardizing the terminology of the analysts' explanations, e.g., Dollar, 

US$, and USD, the keyword occurrences were measured for each of the twenty-one 

years of the LBMA-PMS. The AR project assessed the reliability of aggregated 

consensus estimate forecasts and the keywords' relative frequency. The keywords 

analysis evaluated whether a joint quantitative and qualitative approach could improve 

the reliability of aggregated consensus estimates. Based on the World Gold Council 

(Gold, 2021) keywords, the collocates of the keywords were cross-tabulated to 

evaluate if the concurrent occurrences were significant and indicated if they had a 

bearing on the reliability of the aggregated consensus estimates. The annual LBMA-

PMS explanations were qualitatively analyzed using WordSmith Tools, and the output 

was tabulated and analyzed in Excel. 

3.10. Research Hypotheses 

“Aristotle's definition of phronesis as "reason capable of action" means that 

phronetic research results ("reason") are results only to the extent they have an impact 



112 

on practice ("action") (Flyvbjerg et al., 2012, pp.286). The AR project aimed to 

evaluate the task of making metal price forecasts (“reason”) and consider the 

possibility of recommending alternative aggregated consensus metal price estimates 

for use in practice (“action”) (Flyvbjerg, 2004; Flyvbjerg, 2006; Flyvbjerg et al., 2014; 

Schram et al., 2013). In undertaking the AR project as a pilot case study, the 

expectation was not to definitely validate the hypotheses considered but rather to 

understand the possibility of using collective metal price forecasts in practice 

(Creswell, 2012; Lincoln and Guba, 1985). Understanding relates to the 

“interpretation” and the “accuracy” of the findings by the relevant stakeholders 

(Creswell, 2012; Wolcott, 1990).  

The AR project aimed to evaluate the reliability of using aggregated consensus 

metal price forecasts more widely in the natural resource industry. A cooperative 

inquiry approach was used as a case study to collect metal price forecasts made in 

observable interactive cycles by participants for the AR project (Coghlan, 2007; Heron 

and Reason, 2008; Stake, 2003). The CM panel participants were invited to submit 

their copper and gold metal price forecasts and supporting justifications over six 

months on the bespoke website designed for the AR project. As a pilot case study over 

a short time, the expectation was not to collect a substantial number of metal price 

forecasts. After the six-month data collection phase of the AR project, 191 metal price 

forecasts and 161 justifications were collected from the CM panel participants.  

The CM panel data set was a small fraction of the total population of metal price 

forecasts made in practice, requiring caution in drawing general conclusions from the 

hypotheses evaluated (Armstrong, 2001a). To ensure the authenticity of the findings, 

Creswell (2012) recommends triangulating the results of data collected from case 

studies with comparable data from other sources, a view shared by Armstrong (2001b). 

In keeping with the recommendation of triangulating the results of a case study, the 

more extensive data set of metal price forecasts from the LBMA-PMS was sourced 

and analyzed in a manner comparable to the CM panel analysis. The combined data 

sets of metal price forecasts expanded the ability to draw conclusions from the AR 

project. As a phronetic social science AR project based on a limited sample of metal 

price forecasts, it could only provide a measure of “adequation” of what may work in 

practice (Flyvbjerg et al., 2012). The findings would best serve as a departure point for 

further related research by those interested in metal price forecasts.  
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The hypotheses and alternative null hypotheses evaluated for the AR project aimed 

to understand further the possibility of using aggregated consensus metal price 

forecasts in the natural resource industry (Creswell, 2012; Flyvbjerg et al., 2012; 

Lincoln and Guba, 1985; Wolcott, 1990). The CM panel data collected were used to 

evaluate the following hypotheses, and the results were triangulated with the additional 

LBMA-PMS data sourced: 

Hypothesis 1 

The aggregated consensus median will be the most reliable metal price forecast 

over multiple periods, capturing the diversity of estimates around the statistical 

midpoint. 

Null Hypothesis 1 - Alternative 1 

An individual expert can reliably forecast metal prices over multiple periods more 

than the aggregated consensus median. 

Null Hypothesis 1 - Alternative 2 

As alternative aggregated consensus estimates, the lower and upper quartiles can 

be used as more reliable metal price forecasts than the aggregated consensus median 

or specific experts’ forecasts. 

Hypothesis 2 

Repetitive forecasting cycles will improve the reliability of metal price forecasts 

made by an individual expert. 

Null Hypothesis 2 - Alternative 1 

Using a collective decision-making approach to forecast metal prices will yield a 

reliable result. 

Null Hypothesis 2 - Alternative 2 

Over repetitive cycles of forecasting metal prices, alternative aggregated consensus 

estimates will prove more reliable than the median or a specific expert. 

Hypothesis 3 

In making metal price forecasts, forecasters have a consistent expectation and 

explanation of the future metal price outcome. 
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Null Hypothesis 3 - Alternative 1 

Metal price forecasters focus more on the quantitative rather than the qualitative 

element of their predictions. 

Null Hypothesis 3 - Alternative 2 

Metal price forecasters focus on similar exogenous factors when making forecasts 

and supporting justifications. 

The question is whether a cooperative approach for forecasting metal prices in the 

natural resource industry would be a reliable alternative workplace practice that 

warrants further consideration. 

3.11. Ethical Issues 

The cooperative inquiry that formed the basis of the AR project discussed in this 

thesis was in line with the University of Liverpool ethical approval granted. Invited 

participants anonymously made metal price forecasts on the CM panel website without 

any obligation to participate or remain involved in the AR project. The ethical 

challenges that did surface due to the AR project's data collection centered around 

three potential conflict areas. Despite our best endeavors, we cannot compel others to 

commit to something they are unwilling to do. Conversely, we should not let our 

actions impose an outcome on others without their agreement, especially if there is a 

risk of harm. For a researcher striving for greater generality of the research findings, 

gaining access to additional data should not be considered if it impacts the ethical 

foundations of the research project. In dealing with any ethical issues as a researcher, 

the AR project focused on avoiding any potential ethical problems to the maximum 

extent possible. 

Participation on the CM panel website to make metal price forecasts were by invite, 

focusing on industry professionals who routinely within the workplace either make or 

rely on forecasted metal prices. By targeting potential participants with an 

understanding and interest in forecasted metal prices, the expectation was that they 

would benefit from the insights learned in exploring an alternative workplace practice. 

As industry experts, the participants would be familiar with making metal price 

forecasts, so agreeing to participate in the cooperative inquiry and make metal price 

forecasts should not involve any additional psychological pressure. Also, because of 

their familiarity with forecasting metal prices, the expectation was that it would only 
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require a minimal time commitment outside their normal work activities. The concepts 

underlying collective consensus forecasts were provided on the CM panel website to 

allow the CM panel participants to understand the background of the cooperative 

inquiry (Annexure A: CM panel participant research project background). The invite 

sent to potential participants stated that their participation on the CM panel website 

would be anonymous should they choose to participate. In addition, when the CM 

panel participants registered on the website, they had the choice of selecting a 

pseudonym to submit their metal price forecasts (Annexure A: CM panel participant 

research project background). The targeted metal prices for copper and gold price 

forecasts used in the cooperative inquiry were the London Metal Exchange (LME, 

2019) and London Bullion Market Association (LBMA, 2020) prices, respectively. 

Both commodity exchanges' market prices serve as reference benchmark metal prices 

in the natural resource industry, and both use English as their primary language of 

operation. The decision to use English for the cooperative inquiry participation was 

based on the LBMA and LME practices and the assumption that industry professionals 

would be conversant in English. 

The participants who accepted the invitation to submit metal price forecasts on the 

CM panel website were required to complete a registration process. Registration on 

the CM panel website required the participants to agree to the stipulated ethical 

conditions. The participants were expressly required to grant their consent that their 

metal price forecast data would be collected and analyzed for inclusion in this thesis 

(Annexure B: CM panel participant registration and consent form). Further 

clarification was provided on the CM panel website as to why the CM panel 

participants were invited to participate in the cooperative inquiry. The additional 

background information also explained the participants could cease participating at 

any time and have their forecasts excluded from inclusion in this thesis (Annexure C: 

CM panel participant additional research information). The additional information on 

the CM panel website also reaffirmed that no compensation was to be paid for 

participating. The benefit of participating was linked to the insights learned through 

being involved in the cooperative inquiry. The contact details for the University of 

Liverpool, the thesis supervisor, and the researcher were provided on the CM panel 

website if any participant wanted to raise any issues or concerns. The researcher and 

the thesis supervisor were anonymous participants on the CM panel website in making 



116 

metal price forecasts, giving them both visibility of the process and any issues or 

concerns raised by the other participants. During the seven months of collecting metal 

price forecasts on the CM panel website, no participants raised any ethical issues or 

concerns. Following the conclusion of the data collection phase, no CM panel 

participant requested to have their metal price forecasts excluded from the data 

analysis presented in this thesis. 

The researcher held certain expectations about the number of forecasters taking 

part in making metal price forecasts on the CM panel website. As a pilot study, the 

expectation was to have between 20 to 30 participants registered on the CM panel 

website, with around a dozen actively making metal price forecasts. When about 100 

of the approximate 500 invitees sent out to individuals and organizations active within 

the natural resource industry expressed some interest in the AR project, the hope was 

to exceed the original participation estimate. The added participation from the potential 

100 invitees was limited, with some invites referring to the outbreak of COVID-19 and 

the decision of their organizations to adopt work-from-home arrangements affecting 

their choice of declining. After sending two further requests to encourage participation, 

the decision was made to respect the choice of those invitees who had declined to 

participate. Trying to compel participation based on the researcher's expectation of the 

value for participants in their workplace practices was insufficient justification for 

continuing to question their choice not to participate in the cooperative inquiry. 

The second ethical challenge arose from the decision to source additional metal 

price forecasts that spanned a more extended period. That would allow triangulation 

with the findings based on the data collected from the CM panel cooperative inquiry. 

The annual LBMA-PMS supplied the opportunity to access historical metal price 

forecasts made by industry specialists spanning twenty-one years. A consideration in 

analyzing the LBMA-PMS forecast data set was the similarity with the data collected 

from the CM panel participants. For the annual LBMA-PMS, the participants know 

that their forecast accuracy, as measured by the Absolute Error relative to the market 

annual average gold price, would be used to rank their performance compared to their 

peers (LBMA, 2020). The annual LBMA-PMS participants' forecasts are published, 

as are the rankings of the top participants. The annual LBMA-PMS forecasting 

competition occurs in the public domain, so comparing the participants' performance 
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to their peers or other reasonable benchmarks did not pose any added ethical issues for 

the participants other than those already existing.  

The cooperative inquiry included a requirement for a justification by the CM panel 

participants in making their forecasts. They consented to have their explanations seen 

by their cohorts and analyzed for the AR project. The annual LBMA-PMS had a 

similar requirement for the participants to justify their forecasts. However, the LBMA-

PMS competition includes no review or ranking of the individual explanations in their 

competition results. Analyzing and ranking the LBMA-PMS participants' 

justifications relative to a set of keywords, such as the World Gold Council (Gold, 

2021), was not explicitly considered by the LBMA-PMS forecasters. The possibility 

when analyzing and ranking the LBMA-PMS individual justifications for some 

professional harm to the participants without their express consent exists. Even if the 

justification analysis was anonymously done, cross-referencing the original annual 

LBMA-PMS explanations could still make it possible to identify the forecaster cited. 

To avoid any ethical issue in the researcher's analysis and published thesis, the LBMA-

PMS explanations were aggregated annually as one composite explanation to prevent 

the possibility of identifying any specific individuals in the qualitative analysis and 

causing harm to them. 

During the search for more consensus metal price forecasts to triangulate with the 

results from the data collected from the CM panel cooperative inquiry and the LBMA-

PMS, Consensus Economics (2020) data set was identified as a possible additional 

data source. The Consensus Economics (2020) data set includes metal price forecasts 

from industry experts for a more extended period than the CM panel or the LBMA-

PMS. Unlike the LBMA-PMS metal price forecast, the Consensus Economics (2020) 

forecasts are updated more regularly during the year, either bi-monthly or quarterly. 

The Consensus Economics (2020) metal price forecasts include no justifications by 

the forecaster and are reported by the institution rather than an analyst. Despite the 

differences, Consensus Economics (2020) was approached to gain access to their data 

set to triangulate the aggregated consensus metal price estimates with forecast data 

from the LBMA-PMS. The data analysis approach used for the CM panel forecasts 

and the LBMA-PMS was the same, allowing triangulation of the findings. The hope 

was to expand the generality of the findings by accessing the Consensus Economics 

(2020) data. Unfortunately, Consensus Economics (2020) was only willing to share 
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their data set for their standard fee of several thousand Pounds Sterling. In addition, 

Consensus Economics (2020) wanted prior consent on publishing any report that 

included their data. Comparing the Consensus Economics (2020) and LBMA-PMS 

data for the twenty-one years analyzed would have offered an opportunity to evaluate 

AR project findings regarding aggregated consensus forecasted metal price estimates 

and, specifically, the importance of requiring justifications. The Consensus Economics 

(2020) requirement of prior consent on publishing the researcher's thesis was 

considered unacceptable. Rather than pay the Consensus Economics (2020) 

subscription fee and face the ethical dilemma of publication permission, the 

opportunity to explore the triangulation of the AR project findings was foregone. 

3.12. Summary 

If you are unsure of the answer to a question, ask some people with relevant 

expertise, and use a method to aggregate their views to reach a consensus opinion, 

combing their “collective wisdom” (Aristotle and Everson, 1988; Galton, 1907a; 

Page, 2007; Sunstein, 2006; Surowiecki, 2004; Tetlock and Gardner, 2016). The 

concept of collective decision-making is ubiquitous across time, cultures, and 

situations. How the collaborative approach is structured has been considered as it 

pertains to the access of participants and the aggregation of their opinions 

(Armstrong, 2001a; Batchelor and Dua, 1995; Hong and Page, 2012). Using a 

cooperative inquiry, structured similarly to groups' decision-making approaches, 

to better understand the judgmental nature of metal price forecasting by allowing 

participants on the CM panel to engage in collaborative interactions (Heron and 

Reason, 2008; Rowe and Wright, 1999). The interaction between participants as 

they shared their views and could reflect on the insights of other group members 

had the potential to surface a more reliable outcome than that of the individuals 

involved. The group interactions develop from the individual positivist perspective 

to a more encompassing social construction premised on all the group members' 

insights and actions to surface a consensus outcome (Easterby-Smith et al., 2012). 

Forecasting metal prices is a judgmental activity often undertaken in isolation. 

Through structuring a cooperative inquiry, the evaluation of collaborative 

approach was explored in the AR project to assess its reliability as an alternative 

workplace practice. 
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CHAPTER FOUR – RESULTS AND FINDINGS 

4. Results and Findings 

4.1. Introduction 

When making metal price forecasts, the anticipation of both the forecaster and the 

users is how accurate the predictions will be compared to the eventual outcome. In the 

natural resource industry, the importance of making reliable metal price forecasts is 

epitomized by the impairments incurred by the top forty mining organizations of circa 

US dollar two hundred and fifty million in the last decade, or equivalent to one-third 

of their net profit for the same period (PwC, 2021). An implication of the impairments 

could be that the industry did not reliably forecast future metal prices during the 

decade, particularly during downturns in metal prices. Without access to how the metal 

price forecasts of the relevant organizations were done during this period, it is 

impossible to say if the metal price forecasts reflected a general industry misjudgment 

of future metal price changes or related to specific forecasters. The substantial 

impairments occurred around significant metal price declines in 2012, 2013, and 2015, 

which accounted for approximately sixty percent of the total impairments incurred in 

the last decade (Annexure D: PwC Top 40 Mines Report 2011-2020). 

Typical approaches for forecasting metal prices are fundamental analysis, 

extrapolating historical trends, referencing external sources and market futures, or 

combining these approaches. Amongst forecasters, knowledge of and preferences for 

the different approaches exist, reflecting how the individual forecasters make their 

estimates based on their insights (Armstrong, 2001a; Batchelor and Dua, 1995). Given 

the importance of the mining organizations’ sustainability, a reasonable assumption 

would be that the metal price forecasting process involves collaboration between those 

involved in making the relevant business decisions that rely on the forecasted metal 

prices. The advantage of a collaborative approach would be to tap into the unique 

insights of those involved, potentially resulting in a more reliable outcome. The AR 

project focused on using a cooperative inquiry approach to collect observable metal 

price forecasts from participants on the CM panel. The research aimed to evaluate the 

reliability of aggregated consensus estimates and the importance of requiring 

justifications for metal price forecasts made. The AR project findings showed that a 

reliable alternative to relying on a specific forecaster is possible, although not based 
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on the aggregated consensus average or median, as is widely used in practice. A crucial 

element influencing the reliability of using a consensus approach for forecasting metal 

prices was correctly anticipating the future direction when aggregating the participants' 

metal price predictions. 

4.2. Consensus Metals Panel Forecasts Results 

The CM panel website was constructed to collect average copper and gold price 

forecasts from registered participants from October 2020 to December 2021. The 

participants were requested to make average metal price forecasts monthly for October 

2020, November 2020, and December 2020 and quarterly for March 2021, June 2021, 

September 2021, and December 2021. The reference prices for the copper forecasts 

were the London Metal Exchange daily cash average for the relevant periods (LME, 

2019). The reference prices for the gold forecasts were the London Bullion Market 

Association (LBMA) daily PM fix average for the relevant periods (LBMA, 2020). 

The CM panel participants were also asked to supply a brief justification (Maximum 

300 characters) for their forecasts. The participants made their forecasts on an 

anonymous basis. However, all participants' forecasts and explanations were visible to 

the other CM panel participants, and the progressive aggregated consensus average for 

each metal and period. Even if the registered participants did not make any forecasts, 

they could still view the other participants' metal price forecasts, the consensus 

average, and the justifications for the forecasts submitted. As a cooperative inquiry, 

participants were allowed and encouraged to make cyclical forecasts based on the 

insights gained, either because of the CM panel interactions or current metal market 

events. 

Table 4-1 tabulates the demographic details of the CM panel participants registered 

to participate in the cooperative inquiry. 

Table 4-1 CM panel Registered Participants' Demographic Details 

No. of participants Sex Age (Years) Geographic location 

Total 23 Male 19 25-35 5 Africa 6 

Copper 20 Female 2 35-45 3 Asia 4 

Gold 18 Other 1 45-55 7 Australia 4 

    55-65 5 Europe 6 

    >65 3 North America 1 

      South America 1 

      Other 1 
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Background Workplace Forecasting approach 

Economics 8 Academic 2 Fundamental analysis 6 

Engineering 4 Consultancy 5 Futures prices 1 

Financial 7 Financial institution 3 “Gut feel” 6 

Technical 1 Government agency 2 Historical averages 1 

Other 3 Mining organization 8 Mineral economics 4 

  Technical services 2 Other 5 

  Other 1   

The original request at the start of the cooperative inquiry in October 2020 was for 

the CM panel participants to make metal price forecasts for six months. Post-March 

2021, only eight copper and one gold forecasts were made, reflecting the winding 

down of the data collection phase of the cooperative inquiry as expected. At the end 

of June 2021, the CM panel participants stopped making further metal price forecasts. 

4.3. Consensus Metals Forecasts Quantitative Results 

Table 4-2 CM panel Forecasts - Copper Consensus Estimates Summary 

summarizes the copper forecasts made from October 2020 to December 2021 by the 

CM panel participants. The AR project's quantitative element focused on analyzing 

the collective forecasts to evaluate the reliability of the aggregated consensus estimates 

compared to the participating forecaster's forecasts for each period. A significant 

relevant indicator in analyzing the CM panel forecasts was correctly predicting the 

future market copper price direction. The actual market copper price percentage 

changes highlight the actual market copper price direction compared to the anticipated 

market direction of the forecasters (Table 4-2; Column 2; Row a). The copper price 

aggregated consensus estimates forecasts errors are reported as the APE compared to 

the actual market copper price for the respective periods (Table 4-2; Columns 3-6; 

Row a). The smallest APE for the seven periods was consistently the consensus upper 

quartile (Table 4-2; Column 6; Rows a & b). The Theil U(II) Index is reported 

compared to the consensus median, with a value of less than 100% reflecting a more 

reliable consensus estimate than the median. Only the consensus upper quartile yielded 

a Theil U(II) Index less than 100%, 61.3% (Table 4-2; Column 6; Row c). The 

ReLMAE for each aggregated consensus estimate compared to the actual market 

copper price prior period was calculated. Based on the ReLMAE (Table 4-2; Row e), 

the consensus upper quartile (123.0%) was the most reliable estimate for the seven 

forecasting periods compared to 144.6% for the consensus median. 

Table 4-2 CM panel Forecasts - Copper Consensus Estimates Summary 
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Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LME 

average 

price for 

the prior 

period 

LME 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 October 2020 $6,712/mt $6,703/mt $6,463/mt $6,588/mt $6,613/mt $6,706/mt 

A Actual % Δ / APE % Neutral -0.1% 3.6% 1.7% 1.4% 0.1% 

 November 2020 $6,703/mt $7,063/mt $6,613/mt $6,829/mt $6,738/mt $6,931/mt 

A Actual % Δ / APE % Up 5.1% 6.4% 3.3% 4.6% 1.9% 

 December 2020 $7,063/mt $7,755/mt $6,713/mt $7,082/mt $6,900/mt $7,725/mt 

A Actual % Δ / APE % Up 8.9% 13.5% 8.7% 11.0% 0.4% 

 March 2011 $7,755/mt $8,504/mt $6,756/mt $7,314/mt $7,475/mt $7,869/mt 

A Actual % Δ / APE % Up 8.8% 20.6% 14.0% 12.1% 7.5% 

 June 2021 $8,504/mt $9,700/mt $6,755/mt $7,534/mt $7,300/mt $8,138/mt 

A Actual % Δ / APE % Up 12.3% 30.2% 22.3% 24.7% 16.1% 

 September 2021 $9,700/mt $9,372/mt $6,625/mt $7,527/mt $7,200/mt $8,125/mt 

A Actual % Δ / APE % Down -3.5% 29.3% 19.7% 23.2% 13.3% 

 December 2021 $9,372/mt $9,698/mt $6,444/mt $7,427/mt $7,133/mt $8,044/mt 

A Actual % Δ / APE % Up 3.4% 33.6% 23.4% 26.7% 17.1% 

 Oct ’20 – Dec ‘21 $7,973/mt $8,399/mt $6,627/mt $7,186/mt $7,048/mt $7,648/mt 

B Actual % Δ / APE % Up 5.1% 21.1% 14.5% 16.1% 8.9% 

C Theil U(II) – Median   127.7% 89.3% 100.0% 61.3% 

D Theil U(II) – Prior   332.4% 232.4% 260.3% 159.5% 

E ReLMAE - Prior   131.7% 146.5% 144.6% 123.0% 

The quantitative evaluation was informative from a cooperative inquiry 

perspective, where the focus was on evaluating the possibility of using aggregated 

consensus metal price estimates in the workplace. The quantitative analysis showed 

that aggregated consensus estimates other than the average or median could represent 

a reliable workplace forecasting estimate. Reviewing the APE of the consensus 

average, median, lower quartile, and upper quartile, the upper quartile was the most 

reliable forecast for the copper price forecasted by the CM panel participants. The APE 

for the aggregated copper consensus estimates over the seven forecasting periods were 

14.5%, 16.1%, 21.1%, and 8.9%, respectively, for the consensus average, median, 

lower quartile, and upper quartile compared to the actual market change of 5.1% 

(Table 4-2; Row b). 

Between October 2020 and December 2021, the average market copper price 

increased by around 40% (LME, 2019). The CM participants had not anticipated the 

rising market copper price. Participants cited the United States elections at the end of 

2020 and the possible impact of policy changes on the relative value of the United 

States Dollar. There were also several references by participants to COVID-19. They 

expressed concern about its effects on world economic growth, especially for industrial 

activities that used copper as an input. The expectation was that the general economic 

environment would be negative for copper. Of the 106 forecasts made by the CM panel 

copper participants, 82 (77.4%) predicted the future copper price to be less than 1% 

higher than the market prior period copper price, and only 24 (22.6%) anticipated a 
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higher future copper price. With many CM panel copper participants incorrectly 

predicting the market copper price direction, the longer the lead time for the forecasts 

made, the less accurate they were. The more recent CM panel copper price forecasts 

reflected the rising market copper price, helping to improve the aggregated consensus 

copper price estimates compared to the relevant average market copper prices. 

Table 4-3 CM panel - Copper Consensus Estimates Reliability 

Cm panel 

copper 

participant 

No. 

periods 

forecasts 

made 

No. 

period 

most 

accurate 

No. 

forecasts 

submitted 

APE 

measure 
APE (%) 

Average 

Rank 
Rank z-

Score 

Part. 1 7 0 19 

APE 22.7% 8 (1.16) 

APE Med 16.1% 6 (0.39) 

APE Q3 9.0% 3 0.78  

Part. 2 7 0 16 

APE 12.1% 4 0.39  

APE Med 16.1% 6 (0.39) 

APE Q3 9.0% 3 0.78  

Part. 3 7 2 13 

APE 12.1% 4 0.39  

APE Med 16.1% 6 (0.39) 

APE Q3 9.0% 3 0.78  

Part. 4 7 0 12 

APE 17.9% 5 0.00  

APE Med 16.1% 6 (0.39) 

APE Q3 9.0% 3 0.78  

Part. 5 6 0 10 

APE 16.0% 6 (0.39) 

APE Med 18.0% 7 (0.78) 

APE Q3 10.1% 3 0.78  

Part. 6 4 3 9 

APE 11.3% 2 1.16  

APE Med 22.0% 7 (0.78) 

APE Q3 13.7% 3 0.78  

Part. 7 3 1 6 

APE 1.3% 1 1.55  

APE Med 5.9% 6 (0.39) 

APE Q3 0.8% 2 1.16  

Part. 8 6 0 6 

APE 22.0% 7 (0.78) 

APE Med 18.0% 7 (0.78) 

APE Q3 10.1% 3 0.78  

Part. 9 4 2 4 

APE 13.3% 3 0.78  

APE Med 22.0% 7 (0.78) 

APE Q3 13.7% 3 0.78  

Part. 10 3 1 3 

APE 6.7% 4 0.52  

APE Med 9.5% 7 (0.52) 

APE Q3 3.4% 2 1.22  

Part. 11 3 2 3 

APE 7.5% 2 1.16  

APE Med 20.3% 7 (0.78) 

APE Q3 12.5% 3 0.78  

Part. 12 2 0 2 
APE 4.5% 7 (0.78) 

APE Med 3.0% 6 (0.39) 
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Cm panel 

copper 

participant 

No. 

periods 

forecasts 

made 

No. 

period 

most 

accurate 

No. 

forecasts 

submitted 

APE 

measure 
APE (%) 

Average 

Rank 
Rank z-

Score 

APE Q3 1.0% 2 1.16  

Part. 13 1 0 1 

APE 7.5% 8 (1.53) 

APE Med 1.4% 4 0.22  

APE Q3 0.1% 1 1.53  

Part. 14 1 0 1 

APE 5.3% 7 (1.09) 

APE Med 1.4% 4 0.22  

APE Q3 0.1% 1 1.53  

Part. 15 1 0 1 

APE 15.2% 9 (1.22) 

APE Med 11.0% 7 (0.52) 

APE Q3 0.4% 1 1.57  

Part. 16 1 0 1 

APE 8.8% 5 0.00  

APE Med 11.0% 7 (0.78) 

APE Q3 0.4% 1 1.55  

16 63 11 107 Total    

Average APE / Average Rank / z-Score <1.4> (CL 

90%) 

APE 11.5% 5 2 

APE Med 13.0% 6 0 

APE Q3 6.4% 2 4 

Table 4-2 CM panel Forecasts - Copper Consensus Estimates Summary examined 

the CM panel copper forecasts from the perspective of the reliability of the aggregated 

consensus estimates. Table 4-3 CM panel - Copper Consensus Estimates considered 

the reliability of the individual participants. Around half, 9 (56.3%) of the 16 CM panel 

copper participants achieved a lower APE than the equivalent aggregated median APE. 

By comparison, only 3 (18.8%) of the 16 CM panel copper participants had a lower 

APE than the equivalent APE for the Upper Quartile aggregated estimate. The 3 

participants with the lowest APE (Table 4-3, Participants 7,12 & 14) only submitted 

copper price forecasts in 3, 2, and 1 of the seven forecasting periods, respectively. 

Using the CM panel copper participants' APE in each forecasting period, they 

submitted forecasts; a ranking was assigned from most to least accurate. The 

participant’s rankings achieved for each period they participated were averaged to 

obtain an overall ranking. Considering the comparable average number of participants, 

a z-Score of the ranking was calculated for each participant. At a 90% confidence limit, 

only 1 participant (Table 4-3, Participant 7) had a positive z-Score exceeding the 1.4 

confidence limit threshold. Significantly, the average APE (1.3%) for the participant 

with the lowest APE (Table 4-3, Participant 7) was higher than the equivalent APE for 

the Upper Quartile (0.8%). 
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The CM panel copper aggregated consensus metal price estimates from October 

2020 to December 2021 were evaluated for accuracy using the Theil U(II) Index based 

on the consensus median (Table 4-2; Row d). The aggregated consensus upper quartile 

had the lowest Theil U(II) Index value, 61.3%, representing a more reliable forecast 

than the median (100%). The RMSE forecast error for the actual versus forecast 

(Nominator) and actual versus median (Denominator) was decomposed into their 

respective bias (Um), variance (Us), and covariance (Uc) error components to 

highlight the relevant impact of each in the forecast deviations. The formulation of 

Theil’s U(II) Index is comparable to the RelMAE when the prior period is used as the 

reference comparison. The Theil U(II) Index based on the preceding period and the 

RelMAE were computed to evaluate the forecasting error (Table 4-2; Row d & e). 

Table 4-4 CM panel - Copper Theil U(II) Index RMSE Decompositions 

Theil U(II) Error Elements RMSE Um Us Uc 

Nominator: Average (Actual versus Forecast) 1,473 67.9% 31.0% 1.2% 

Nominator: Lower quartile (Actual versus Forecast) 2,107 70.7% 24.2% 5.1% 

Nominator: Upper quartile (Actual versus Forecast) 1,011 55.2% 37.0% 7.8% 

Denominator: Actual versus Median 1,650 67.0% 27.9% 5.1% 

Denominator: Actual versus Preceding period 634 45.3% 0.0% 54.7% 

The unanticipated increase in the market copper price by the CM panel participants 

was reflected in the high RMSE values for the aggregated consensus metal price 

forecasting estimates, including the consensus median. The lower RMSE for the prior 

period was because the preceding period average more effectively captured the upward 

trending copper price with a shorter lead-time between the forecasting period. The 

incorrectly predicted market copper price direction by the CM panel participants was 

reflected in the substantial Theil Um (bias element) contribution to the forecasting 

error. The forecasting error could have been reduced by having more participants, 

assuming they did not share similar copper price expectations. The lesser but still 

significant contribution of the Theil Us (variance element) to the forecasting error of 

the CM panel participants reflected the slow change in their copper price expectations 

over the successive cycles of forecasting. Between October 2020 and December 2021, 

the increasing copper price resulted in a lagged change in the preceding period value 

compared to the actual period value, reflected in the covariance error. The longer 

duration of the CM panel forecasts had a lesser Theil Uc (covariance element) 

forecasting error, as the participants could make cyclical forecasts. 
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Table 4-5 CM panel Forecasts - Gold Consensus Estimates Summary summarizes 

the gold forecasts made from October 2020 to December 2021 by the CM panel 

participants. The AR project's quantitative element focused on analyzing the collective 

forecasts to evaluate the reliability of the aggregated consensus estimates compared to 

the participating forecaster's predictions for each period. A significant relevant 

indicator in analyzing the CM panel forecasts was correctly predicting the future 

market gold price direction. The actual market gold price percentage changes highlight 

the actual market gold price direction compared to the anticipated market direction of 

the forecasters (Table 4-5; Column 2; Row a). The gold price aggregated consensus 

estimates forecasts errors are reported as the APE compared to the actual market gold 

price for the respective periods (Table 4-5; Columns 3-6; Row a). The consensus lower 

quartile was the smallest APE consistently for the seven periods (Table 4-5; Column 

3; Row a). For the seven periods combined, the lowest APE was for the consensus 

lower quartile (Table 4-5; Column 6; Row b). The Theil U(II) Index compared to the 

consensus median was reported, with a value of less than 100% reflecting a more 

reliable consensus estimate than the consensus median, with only the consensus lower 

quartile yielding a value of less than 100% of 62.6% (Table 4-5; Column 3; Row c). 

The ReLMAE for each aggregated consensus estimate was calculated compared to the 

prior year's actual market gold price. Based on the ReLMAE, the consensus lower 

quartile (103.5%) was the most reliable estimate for the seven forecasting periods, 

compared to the consensus median (118.7%) (Table 4-5; Columns 3 & 5; Row e). 

Table 4-5 CM panel Forecasts - Gold Consensus Estimates Summary 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 October 2020 $1,923/oz $1,901/oz $1,910/oz $1,930/oz $1,940/oz $1,948/oz 

a Actual % Δ / APE % Neutral -1.1% 0.5% 1.5% 2.0% 2.4% 

 November 2020 $1,901/oz $1,866/oz $1,870/oz $1,910/oz $1,930/oz $1,955/oz 

a Actual % Δ / APE % Neutral -1.9% 0.2% 2.3% 3.4% 4.7% 

 December 2020 $,,866/oz $1,856/oz $1,860/oz $1,911/oz $1,930/oz $1,950/oz 

a Actual % Δ / APE % Neutral -0.6% 0.2% 2.9% 4.0% 5.1% 

 March 2011 $1,856/oz $1,796/oz $1,850/oz $1,906/oz $1,860/oz $1,960/oz 

a Actual % Δ / APE % Down -3.4% 3.0% 6.1% 3.6% 9.1% 

 June 2021 $1,796/oz $1,815/oz $1,850/oz $1,963/oz $1,940/oz $2,030/oz 

a Actual % Δ / APE % Neutral 1.1% 1.9% 8.1% 6.9% 11.8% 

 September 2021 $1,815/oz $1,790/oz $1,940/oz $2,029/oz $2,010/oz $2,100/oz 

a Actual % Δ / APE % Neutral -1.4% 8.4% 13.4% 12.3% 17.3% 

 December 2021 $1,790/oz $1,795/oz $1,950/oz $2,058/oz $2,020/oz $2,160/oz 

a Actual % Δ / APE % Neutral 0.3% 8.6% 14.7% 12.5% 20.3% 

 Oct ’20 – Dec ‘21 $1,850/oz $1,832/oz $1,890/oz $1,958/oz $1,947/oz $2,015/oz 

b Actual % Δ / APE % Neutral -1.0% 3.2% 6.9% 6.3% 10.0% 
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Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

c Theil U(II) – Median   62.6% 113.2% 100.0% 157.4% 

d Theil U(II) – Prior   280.2% 507.0% 448.0% 705.1% 

e ReLMAE - Prior   103.5% 116.8% 118.7% 111.0% 

From a cooperative inquiry perspective, to evaluate the possibility of using 

aggregated consensus metal price estimates in the workplace, the quantitative analysis 

did highlight a potential aggregated consensus estimate that could merit further 

consideration as a reliable forecasting alternative. For four of the seven forecasting 

periods, the lower quartile proved to be a more reliable forecast of the future gold price 

than the consensus average, median, or upper quartile. The CM panel gold average 

APE for the seven forecasting periods was average, median, upper quartile, and lower 

quartile 6.9%, 6.3%, 10.0%, and 3.2%, compared to the actual market gold price 

change of 1.0% (Table 4-5; Row b).  

Between September 2020 and December 2021, the average market gold price 

decreased by around 7% (LBMA, 2020). The CM panel participants had not expected 

the marginally declining market gold price. Uncertainty surrounding the United States 

elections at the end of 2020 and its possible impact on the relative value of the United 

States Dollar was cited by several participants as potentially positive for a gold price 

rally. The economic fallout from COVID-19 was also mentioned by participants, with 

the expectation gold would act as a safe-haven investment. The expected lackluster 

world economy and increasing uncertainty because of the dominant events mentioned 

were expected to be positive for gold. Of the 84 forecasts made by the CM panel gold 

forecasters for the seven forecasting periods, 49 (58.3%) participants predicted a gold 

price more than 1% higher than the preceding period, and 35 (41.7%) that a gold price 

more than 1% lower than the preceding period. The market gold price remained 

subdued during the seven forecasting periods, so the further in the future the gold price 

forecasts were made, the less accurate they were. The CM panel gold forecasts in 

earlier periods were more accurate, reliably reflecting the shorter-term market gold 

price trends. The disparity between the CM panel gold participants' expectations of 

gold and market gold prices negatively affected the aggregated consensus estimates. 

The aggregated consensus estimates were prone to the forecasted gold price direction 

errors of the CM panel participants. 
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Table 4-6 CM panel – Gold Consensus Estimates Reliability 

Cm panel 

gold 

participant 

No. 

periods 

forecasts 

made 

No. period 

most 

accurate 

No. 

forecasts 

submitted 

APE measure APE (%) 
Average 

Rank 

Rank z-

Score 

Part. 1 7 0 19 

Participant 13.9% 6 (1.00) 

Median 6.3% 5 (0.50) 

Q1 3.2% 3 0.50  

Part. 2 7 3 15 

Participant 3.2% 2 1.00  

Median 6.3% 5 (0.50) 

Q1 3.2% 3 0.50  

Part. 3 7 2 15 

Participant 3.7% 2 1.00  

Median 6.3% 5 (0.50) 

Q1 3.2% 3 0.50  

Part. 4 7 3 8 

Participant 4.4% 4 0.00  

Median 6.3% 5 (0.50) 

Q1 3.2% 3 0.50  

Part. 5 3 0 7 

Participant 2.0% 3 0.66  

Median 3.7% 6 (0.66) 

Q1 1.1% 2 1.09  

Part. 6 6 1 6 

Participant 9.0% 6 (0.66) 

Median 7.1% 6 (0.66) 

Q1 3.7% 3 0.66  

Part. 7 5 1 5 

Participant 6.0% 5 (0.22) 

Median 4.0% 5 (0.22) 

Q1 1.1% 2 1.09  

Part. 8 4 0 4 

Participant 8.8% 6 (0.66) 

Median 8.8% 6 (0.66) 

Q1 5.5% 3 0.66  

Part. 9 3 1 3 

Participant 4.5% 3 0.66  

Median 7.5% 6 (0.66) 

Q1 4.3% 3 0.66  

Part. 10 1 0 1 

Participant 2.0% 2 1.00  

Median 2.0% 5 (0.50) 

Q1 0.5% 4 0.00  

Part. 11 1 0 1 

Participant 11.5% 5 (0.22) 

Median 4.0% 6 (0.66) 

Q1 0.2% 3 0.66  

11 51 11 84 Total    

Average APE / Average Rank / z-Score <1.4> (CL 

90%) 

Participant 6.3% 4 0 

Median 5.7% 5 0 

Q1 2.7% 3 0 

Table 4-5 CM panel Forecasts - Gold Consensus Estimates Summary 

examined the CM panel gold forecasts from the perspective of the reliability of the 

aggregated consensus estimates. Table 4-6 CM panel – Gold Consensus Estimates 

Reliability considered the reliability of the individual participants. Around half, 5 
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(45.5%) of the 11 CM panel gold participants achieved a lower APE than the 

equivalent aggregated median APE. By comparison, only 1 (9.1%) of the 11 CM 

panel gold participants had a lower APE than the equivalent APE for the Lower 

Quartile aggregated estimate. For the 3 participants with the lowest APE (Table 4-6, 

Participants 5,10 & 2), the lowest two only submitted copper price forecasts in 3 and 

1 of the seven forecasting periods, respectively. Using the CM panel gold participants' 

APE in each forecasting period, they submitted forecasts; a ranking was assigned from 

most to least accurate. The participant’s rankings achieved for each period they 

participated were averaged to obtain an overall ranking. Considering the comparable 

average number of participants, a z-Score of the ranking was calculated for each 

participant. At a 90% confidence limit, no participants (Table 4-6) had a positive z-

Score exceeding the 1.4 confidence limit threshold. Significantly, the average APE 

(3.16%) for the single participant (Table 4-6, Participant 2) was only marginally lower 

than the equivalent APE for the Lower Quartile (3.19%). 

The CM panel gold aggregated consensus metal price estimates from October 2020 

to December 2021 were evaluated for accuracy using the Theil U(II) Index based on 

the consensus median (Table 4-5; Row d). The RMSE forecast error for the actual 

versus forecast (Nominator) and actual versus median (Denominator) was decomposed 

into their respective bias (Um), variance (Us), and covariance (Uc) error elements to 

highlight the relevant impact of each in the overall forecast error. The formulation of 

Theil’s U(II) Index is comparable to the Relative Mean Absolute Error (RelMAE) 

when the prior period is used as the reference comparison. The Theil U(II) Index based 

on the preceding period and the RelMAE were computed to evaluate the forecasting 

error (Table 4-5; Row d & e).  

Table 4-7 CM Gold Theil U(II) Index RMSE Decompositions 

Theil U(II) Error Elements RMSE Um Us Uc 

Nominator: Average (Actual versus Forecast) 154 67.6% 1.3% 31.1% 

Nominator: Lower quartile (Actual versus Forecast) 85 47.2% 0.0% 52.7% 

Nominator: Upper quartile (Actual versus Forecast) 214 73.2% 3.3% 23.5% 

Denominator: Actual versus Median 136 72.2% 0.5% 27.2% 

Denominator: Actual versus Preceding period 30 36.1% 6.3% 57.6% 

The unanticipated decrease in the market gold price by the CM panel participants 

was reflected in the higher RMSE values for the aggregated consensus metal price 

forecasting estimates, including the consensus median. The lower RMSE for the prior 

period was because the downward trending gold price was more effectively captured 
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by the preceding period average, which had a shorter lead time before the 

forecasting period. The incorrectly predicted market gold price direction by the 

CM panel participants was reflected in the substantial Theil Um (bias element) 

contribution to the forecasting error. The forecasting error could have been reduced 

by having more participants, assuming they did not share similar gold price 

expectations. The minimal contribution of Theil Us (variance element) to the 

forecasting error of the CM panel participants reflected the slight change in their 

gold price expectations over the successive cycles of forecasting. Between October 

2020 and December 2021, the decreasing gold price resulted in a lagged change in 

the preceding period value compared to the actual period value, reflected in the 

significant covariance error.  

4.4. Consensus Metals Forecasts Qualitative Results 

In structuring the cooperative inquiry, an incorporated element was the 

influence interaction could have on the CM panel participants in making their 

metal price forecasts. The opportunity for the CM panel participants to act, see the 

interactions of other participants, reflect on the shared insights, and then act again 

by making further cyclical forecasts was part of the cooperative inquiry’s intention 

of evaluating the importance of shared interactions. For the period October 2020 

to December 2021, the CM panel participants made copper and gold price forecast, 

together with a brief justification for the basis of their forecasts. The following 

summarizes the forecast justifications posted by the CM panel participants: 

• 86 (~80%) of the 107 copper forecasts included a justification. 

• 75 (~77%) of the 84 gold forecasts included a justification.  

• For the 86 copper justifications made, the average word count was 27. 

• For the 65 gold justifications made, the average word count was 25.  

• None of the participants took the opportunity to comment specifically on the metal 

price forecasts of the other CM panel participants. 

• Two copper CM panel participants referred to the emerging consensus average, 

and only one gold CM panel participant made a similar reference. 

• The correlation between the CM panel participants’ ranks, based on their forecast 

APE, and justification word count was ~31% for copper and ~39% for gold, 

reflecting a weak positive relationship between APE (rank) and word count. 
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Table 4-8 CM panel Keyword Summary tabulates the occurrence of the most 

frequent words used by the CM panel participants in their copper and gold 

justifications, with the percentages compared to the respective total word counts for 

the two metals. 

Table 4-8 CM panel Keyword Summary 

Keyword 

Copper Gold 

Rank Frequency % Rank Frequency % 

Economic 1 77 3.1% 3 38 2.29% 

Demand 2 68 2.8% 4 33 1.99% 

Covid 3 56 2.3% 5 32 1.93% 

World 4 56 2.3% 1 70 4.23% 

Supply 5 33 1.3% 7 10 0.60% 

USA 6 26 1.1% 10 5 0.30% 

US election 7 22 0.9% 2 43 2.60% 

Uncertainty 8 15 0.6% 6 14 0.85% 

Trend 9 12 0.5% 7 10 0.60% 

Metals 10 9 0.4% 11 1 0.06% 

US Dollar 11 5 0.2% 9 7 0.42% 

The unfolding world events were the most significant factor cited for the CM panel 

copper justifications, the state of the global economy, and the CM panel gold 

justifications. During the cooperative inquiry, the copper and gold CM panel 

participants often noted the topical issues of COVID-19 and the United States election. 

The economic impact of COVID-19 was seen as detrimental to the copper price, and 

the uncertainty surrounding the United States elections was positive for the gold price. 

Demand and supply fundamentals were mentioned in the justifications for both metals; 

however, demand was emphasized more frequently. 

The CM panel participants were encouraged to make cyclical metal price forecasts 

based on their evolving insights from the cooperative inquiry's observed interactions. 

Table 4-9 CM panel Cyclical Forecasts - Copper and Gold summarize the CM panel 

participants’ cyclical forecasts for each forecasting period. 

Table 4-9 CM panel Cyclical Forecasts - Copper and Gold 

Copper 
Cyclical Forecast Frequency Total Number 

of Forecasts One Two Three Four Five 

October 2020 7 1 0 0 0 9 

November 2020 6 3 0 0 0 12 

December 2020 4 4 1 1 0 19 

March 2021 4 2 3 0 1 22 

June 2021 3 5 1 0 0 16 

September 2021 4 4 1 0 0 15 
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Copper 
Cyclical Forecast Frequency Total Number 

of Forecasts One Two Three Four Five 

December 2021 3 4 1 0 0 14 

Total 31 46 21 4 5 107 

 

Gold 

Cyclical Forecast Frequency Total 

Number of 

Forecasts 
One Two Three Four Five 

October 2020 6 0 0 0 0 6 

November 2020 3 4 0 0 0 11 

December 2020 3 3 2 0 0 15 

March 2021 5 0 4 0 0 17 

June 2021 5 1 2 0 0 13 

September 2021 4 2 1 0 0 11 

December 2021 3 2 0 1 0 11 

Total 29 24 27 4 0 84 

Of the copper forecasts made in 31 (~29%) instances, the CM panel 

participants only made one forecast in a particular forecasting period. The most 

common occurrence was 46 (~43%) instances of making two forecasts in a 

forecasting period. In 30 (~28%) instances, the copper CM panel participants made 

more than two forecasts per forecasting period. 30 of the 32 cases when the copper 

CM panel participants made more than one forecast in a forecasting period, the last 

forecast was more accurate than the first. The average improvement for the 30 

instances of the better forecast was 10.7%, while the average deterioration for the 

two worse instances of forecasts was 2.5%.  

For the gold forecasts made by the CM panel participants, the instance in which 

the participants only made one forecast in a particular forecasting period was 29 or 

about ~35% of the total forecasts made. The most common practice was making two 

(24) or three (27) forecasts in each forecasting period, accounting for 51 (~61%) of the 

total forecasts made. Only one gold CM panel participant made four (~5%) forecasts 

in December 2020. 21 Out of the 22 cases, when the gold CM panel participants made 

more than one forecast per forecasting period was more accurate than the first. The 

average improvement for the 21 instances of the better forecast was 5%, while the 

average deterioration for the worse forecast was 2.8%.  

4.5. LBMA Precious Metals Survey Results 

Between 2000 and 2020, 127 different analysts participated in the annual LBMA-

PMS, with 545 forecasts made over the twenty-one years. The matching comments 

justifying their predictions totaled around 92’700 words. Of the analysts taking part, 

circa 38% only took part for one year, and approximately 37% participated for four or 

more years at the other end of the participation occasions. Table 4-10 LBMA-PMS 
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Analysts’ Participation Summary tabulates the average APE and word count for the 

twenty-one years of the LMBA-PMS participants aggregated by the analysts’ annual 

participation frequency rate.  

• The average APE for the one to two years of participation was approximately 9%, 

and the average word count of their forecast justifications was 146. 

• The average APE for participation between three and five years declined to around 

6.9%, and the average word count of their forecast justifications was 163. 

• The average APE for participation between six and fifteen years worsened to 

approximately 8.4%, and the average word count of their forecast justifications 

was 173.  

• The average APE for participation between sixteen and twenty-one years improved 

to around 7.3%, and the average word count of their forecast justifications was 

189.  

The average word count for the participants with minimal versus maximum years 

of participation had an average difference of around 30%. 

Table 4-10 LBMA-PMS Analysts’ Participation Summary 

Number of years 

participated 

Number of 

participants 
% Of Participants Average APE 

Average word 

count of 

justifications 

1 Year 48 37.8% 9.2% 145 

2 Years 23 18.1% 8.6% 149 

3 Years 9 7.1% 7.3% 144 

4 Years 8 6.3% 6.5% 177 

5 Years 5 3.9% 6.9% 175 

6 Years 5 3.9% 8.0% 169 

7 Years 6 4.7% 7.8% 167 

8 Years 2 1.6% 8.5% 208 

9 Years 6 4.7% 9.0% 175 

10 Years 1 0.8% 9.8% 161 

11 Years 1 0.8% 9.0% 120 

12 Years 3 2.4% 7.9% 178 

13 Years 1 0.8% 8.3% 183 

14 Years 2 1.6% 8.9% 211 

15 Years 1 0.8% 8.6% 100 

16 Years 2 1.6% 6.9% 222 

19 Years 2 1.6% 7.5% 145 

21 Years 2 1.6% 7.4% 200 

Total 127 100.0% 8.4% 171 

The correlation between years taken part and APE was approximately 21%, 

reflecting the inconsistent variation in APE compared to years of participation (Figure 
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4-1 LBMA-PMS Gold Forecasters’ APE). The correlation between years participated, 

and word count was around 23%, reflecting a marginal increase with years of 

participation.  

 

Figure 4-1 LBMA-PMS Gold Forecasters’ APE 

4.6. LBMA Precious Metals Survey Quantitative Results 

The prediction-realization diagram (Koutsoyiannis, 1977) Figure 4-2 LBMA-PMS 

Gold Prediction Realization Diagram reflects the percentage error of the average 

consensus forecasts made by participants in the annual LBMA-PMS between 2000 

and 2020 compared to the actual year-on-year change in the gold price. In the 

prediction-realization diagram in Figure 4-2, the 45-degree line through the origin is 

“the line of perfect forecasts.” It distinguishes between forecasts above or below the 

actual subsequent outcome, with the perfect forecasts falling on the line. 

 

Figure 4-2 LBMA-PMS Gold Prediction Realization Diagram 
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Points in either quadrants II or IV indicate when the LBMA-PMS participants 

correctly predicted the annual direction of the market gold price. For quadrants I and 

III, the points are when the LBMA-PMS forecasters incorrectly predicted the market's 

gold price direction. The details of the two outliers in quadrants I (2013) and III (2016) 

are tabulated below, highlighting the forecasters’ directional error, albeit small for 

2016. 

Table 4-11 LBMA-PMS Actual and Forecasted Gold Price Direction 

Year 

Prior year 

market 

gold price 

Actual 

year’s 

market 

gold price 

Actual 

market 

direction 

change 

Consensus 

median 

forecasted 

gold price 

Forecasted 

market 

direction 

change 

% Of 

participants 

anticipated 

direction 

incorrectly 

2013 $1’699/oz $1’411/oz Down (-17%) $1’753/oz Up (3.2%) 78.3% 

2016 $1’160/oz $1’251/oz Up (7.8%) $1’120/oz Down (-3.4%) 87.1% 

From 2002 to 2012 and from 2016 to 2020, the market gold price rose. For the 

sixteen years, the gold price increased by more than 1%, and on only three occasions 

was the consensus median forecasted higher than the actual gold price, 2004, 2012, 

and 2018. For the other thirteen (81%) years, the LBMA-PMS underestimated the 

future gold price compared to the prior year. In 2000, 2001, and from 2013 to 2015, 

the market gold price increased by less than 1%, and only in 2014 (20%) did the 

LBMA-PMS forecasters correctly predict a gold price decrease. 

The quantitative analysis evaluated the reliability and consistency of the respective 

aggregated consensus estimates compared to the participating LBMA-PMS gold 

forecasters for the twenty-one years analyzed. A significant factor in analyzing the 

LBMA-PMS data was the importance of predicting the market direction of the 

forecasted gold price, with seventeen (81%) of the twenty-one years analyzed correctly 

predicted. The LBMA-PMS forecasts were evaluated by calculating the APE 

compared to the actual market gold price and checking whether the participants 

correctly predicted the future market gold price direction. The annual LBMA-PMS 

forecasts were made after the first week of each year, making it possible to differentiate 

the January market gold price from the prior year's average as either 1% higher or 

lower. The January gold price allowed the LMBA-PMS participants’ gold price 

predictions to be categorized based on the actual relative price change. If the LBMA-

PMS forecasters predicted higher or lower expected gold prices, it was to calculate the 

posterior probabilities of the different gold price directional changes over the twenty-

one years. Calculating the posterior probabilities for the gold price forecasting 
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directional changes opens the possibility of using the estimated probabilities as prior 

probabilities in a Bayesian approach to assess the reliability of future LBMA-PMS 

forecasts (Annexure F: LBMA-PMS gold forecasts probabilities) (Greenberg, 2012).  

Over the period 2000 to 2020, the annual average market price of gold increased 

by more than 1% fourteen times, decreased by less than 1% four times, and on three 

occasions, the annual change was less than 1%. Table 4-12 tabulates the actual and 

forecasted gold price change for the twenty-one years by the LBMA-PMS participants, 

categorized into either a gold price change of more than 1% or less than 1%. 

Table 4-12 LBMA-PMS Gold Forecasted and Actual Direction 

Description Units Total 
More than 

1% Δ 

Less than 

1% Δ 

LBMA annual gold price change 

Market gold price change Years 21 14 7 

Market gold price change % 100.0% 66.7% 33.3% 

Average forecasted gold price change Years 21 16 5 

Average forecasted gold price change % 100.0% 76.1% 23.8% 

Market gold price change correctly forecasted Years 17 13 4 

Market gold price change correctly forecasted % 80.9% 81.3% 80.0% 

LBMA total forecasts made 

Total forecasts by gold price direction change No. 545 397 148 

Total forecasts by gold price direction change % 100.0% 72.8% 27.2% 

Market gold price change correctly forecasted  No. 413 316 97 

Market gold price change correctly forecasted % 75.8% 79.6% 65.5% 

The first week of January change positive compared to the prior year’s average 

Market gold price change Years 13 12 1 

Market gold price change % 100.0% 92.3% 7.7% 

Average forecasted gold price change Years 13 13 0 

Average forecasted gold price change % 100.0% 100.0% 0.0% 

Market gold price change correctly forecasted Years 12 12 0 

Market gold price change correctly forecasted % 92.3% 92.3% 0.0% 

Total forecasts by gold price direction change No. 336 318 18 

Total forecasts by gold price direction change % 100.0% 94.6% 5.4% 

Market gold price change correctly forecasted  No. 300 297 3 

Market gold price change correctly forecasted % 89.3% 93.4% 16.7% 

The first week of January change negative compared to the prior year’s average 

Market gold price change Years 8 2 6 

Market gold price change % 100.0% 25.0% 75.0% 

Average forecasted gold price change Years 8 3 5 

Average forecasted gold price change % 100.0% 37.5% 62.5% 

Market gold price change correctly forecasted Years 5 1 4 

Market gold price change correctly forecasted % 62.5% 33.3% 80.0% 

Total forecasts by gold price direction change No. 209 79 130 

Total forecasts by gold price direction change % 100.0% 37.8% 62.2% 

Market gold price change correctly forecasted  No. 113 19 94 
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Description Units Total 
More than 

1% Δ 

Less than 

1% Δ 

Market gold price change correctly forecasted % 54.1% 24.1% 72.3% 

Of the sixteen years, the LBMA-PMS participants predicted a market gold price 

change of more than 1%; they were correct in thirteen (81.3%) years.  Out of the five 

years, the LBMA-PMS participants expected a market gold price change of less than 

1%; they were correct in four (80%) years. The comparable ratio of correctly 

predicting the market gold price change in terms of the annual number of forecasts 

made was similar for gold price changes of more than 1% but less so for the converse 

of gold price of less than 1%. Of the LBMA-PMS forecasts predicting a market gold 

price change of more than 1%, 316 (79.6%) out of 397 were correct, but only 97 

(65.5%) out of 148 were right for a market gold price change of less than 1%.  

The gold price direction change and the gold price directional change in the first 

week of January improved the accuracy ratio of the LBMA-PMS participants if they 

chose the same direction for their forecasted gold prices. When the January relative 

gold price change was more than 1%, the LBMA-PMS participants correctly predicted 

a gold price change of more than 1% in twelve (92.3%) out of thirteen years and 297 

(93.4%) out of 318 forecasts. When the January relative gold price change was less 

than 1%, the LBMA-PMS participants correctly predicted the gold price change of less 

than 1% in four (80.0%) out of five years and 94 (72.3%) out of 130 forecasts. When 

the January relative gold price change was more than 1%, and the subsequent year’s 

market gold price change was less than 1% (2018), only 3 (12.5%) out of 24 LBMA-

PMS participants correctly forecasted the gold price change for the year. When the 

January relative gold price change was less than 1%, and the subsequent year’s market 

gold price change was more than 1% (2009 and 2016), only 19 (35.5%) out of 55 

LBMA-PMS participants correctly predicted the gold price change direction in for the 

year. 

In 2000 and 2018, the average year-on-year market gold price change was 

marginal, 0.2% and 0.9%, respectively, while the LBMA-PMS participants had 

predicted more significant increases. When the LBMA-PMS participants incorrectly 

anticipated the market gold price in 2013 and 2016, the gold market experienced an 

inflection direction change for two years. Following eleven years in which the gold 

price had increased on average by around 12%, in 2013, it fell by 18.3%. In 2016 the 

market gold price rose by 7.3%, following the previous three years in which the gold 

price had decreased on average by circa 13%. 
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Table 4-13 LBMA-PMS Gold Forecasts - Consensus Estimates Summary 

summarizes the gold forecasts made between 2000 and 2020 by the LBMA-PMS 

participants. The LBMA-PMS gold forecasts were analyzed comparably to allow 

evaluation of the reliability of the aggregated consensus estimates for each of the 

twenty-one years, to triangulate the AR project quantitative results from the CM panel. 

As with the CM panel forecasts, correctly predicting the market metal price direction 

was a significant factor in finding a reliable aggregated consensus estimate that could 

be considered for use in the workplace. The actual annual average market gold price 

percentage changes compared to the prior year's average market gold prices were 

calculated to analyze the accuracy of the LBMA-PMS forecasters in predicting the 

market gold price direction change (Table 4-13; Column 2; Row a). The gold price 

aggregated consensus estimates forecasts errors are reported as the APE compared to 

the actual market gold price for the respective years (Table 4-13; Columns 3-6; Row 

a). The APE for the combined twenty-one years of the LBMA-PMS is reported for the 

aggregated consensus estimates compared to the actual year-on-year change in the 

market gold price (Table 4-13; Columns 3-6; Row b). The RMSE used to calculate the 

Theil U(II) Index for the aggregated consensus estimates is reported (Table 4-13; 

Columns 3-6; Row c). Compared to the consensus median, the Theil U(II) Index, with 

a less than 100% value, reflects a more reliable consensus estimate than the median 

(Table 4-13; Columns 3-6; Row d). The Theil U(II) Index, compared to the prior year's 

actual average gold price, is reported for comparative purposes to the ReLMAE (Table 

4-13; Columns 3-6; Row e). The ReLMAE for each aggregated consensus estimate 

compared to the prior year's actual market copper price was calculated (Table 4-13; 

Columns 3-6; Row f). 

Table 4-13 LBMA-PMS Gold Forecasts - Consensus Estimates Summary 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2000 $279/oz $279/oz $285/oz $298/oz $295/oz $305/oz 

a Actual % Δ / APE % Neutral 0.2% 2.1% 6.7% 5.7% 9.3% 

 2001 $279/oz $271/oz $268/oz $276/oz $275/oz $283/oz 

a Actual % Δ / APE % Down (3.0%) 1.1% 1.8% 1.5% 4.3% 

 2002 $271/oz $310/oz $280/oz $287/oz $290/oz $293/oz 

a Actual % Δ / APE % Up 12.5% 9.6% 7.3% 6.4% 5.6% 

 2003 $310/oz $363/oz $335/oz $345/oz $345/oz $351/oz 

a Actual % Δ / APE % Up 14.8% 7.8% 5.1% 5.0% 3.5% 

 2004 $363/oz $409/oz $403/oz $417/oz $419/oz $429/oz 

a Actual % Δ / APE % Up 11.2% 1.5% 2.0% 2.4% 4.7% 
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Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2005 $409/oz $444/oz $422/oz $434/oz $438/oz $450/oz 

a Actual % Δ / APE % Up 7.9% 5.1% 2.4% 1.5% 1.3% 

 2006 $444/oz $604/oz $520/oz $535/oz $525/oz $554/oz 

a Actual % Δ / APE % Up 26.4% 13.9% 11.4% 13.1% 8.2% 

 2007 $604/oz $695/oz $620/oz $652/oz $650/oz $675/oz 

a Actual % Δ / APE % Up 13.2% 10.8% 6.2% 6.5% 3.0% 

 2008 $695/oz $872/oz $825/oz $862/oz $850/oz $893/oz 

a Actual % Δ / APE % Up 20.3% 5.4% 1.1% 2.5% 2.4% 

 2009 $872/oz $972/oz $836/oz $881/oz $901/oz $946/oz 

a Actual % Δ / APE % Up 10.3% 14.1% 9.4% 7.4% 2.7% 

 2010 $972/oz $1,225/oz $1,165/oz $1,199/oz $1,199/oz $1,233/oz 

a Actual % Δ / APE % Up 20.6% 4.8% 2.1% 2.1% 0.7% 

 2011 $1,225/oz $1,572/oz $1,449/oz $1,457/oz $1,464/oz $1,491/oz 

a Actual % Δ / APE % Up 22.1% 7.8% 7.3% 6.8% 5.1% 

 2012 $1,572/oz $1,669/oz $1,728/oz $1,766/oz $1,770/oz $1,833/oz 

a Actual % Δ / APE % Up 5.8% 3.5% 5.8% 6.1% 9.8% 

 2013 $1,669/oz $1,411/oz $1,714/oz $1,753/oz $1,753/oz $1,782/oz 

a Actual % Δ / APE % Down (18.3%) 21.4% 24.3% 24.2% 26.2% 

 2014 $1,411/oz $1,266/oz $1,176/oz $1,219/oz $1,230/oz $1,265/oz 

a Actual % Δ / APE % Down (11.4%) 7.2% 3.7% 2.9% 0.1% 

 2015 $1,266/oz $1,160/oz $1,188/oz $1,211/oz $1,230/oz $1,255/oz 

a Actual % Δ / APE % Down (9.2%) 2.4% 4.4% 6.0% 8.2% 

 2016 $1,160/oz $1,251/oz $1,058/oz $1,103/oz $1,120/oz $1,145/oz 

a Actual % Δ / APE % Up 7.3% 15.5% 11.8% 10.5% 8.5% 

 2017 $1,251/oz $1,257/oz $1,209/oz $1,244/oz $1,260/oz $1,285/oz 

a Actual % Δ / APE % Neutral 0.5% 3.8% 1.0% 0.2% 2.2% 

 2018 $1,257/oz $1,268/oz $1,287/oz $1,318/oz $1,321/oz $1,359/oz 

a Actual % Δ / APE % Neutral 0.9% 1.5% 3.9% 4.1% 7.1% 

 2019 $1,268/oz $1,393/oz $1,300/oz $1,312/oz $1,315/oz $1,326/oz 

a Actual % Δ / APE % Up 8.9% 6.7% 5.8% 5.6% 4.8% 

 2020 $1,393/oz $1,770/oz $1,521/oz $1,559/oz $1,559/oz $1,593/oz 

a Actual % Δ / APE % Up 21.3% 14.0% 11.9% 11.9% 10.0% 

 2000-2020 $903/oz $974/oz $933/oz $959/oz $962/oz $988/oz 

b Actual % Δ / APE % Up 12.3% 8.3% 7.2% 7.1% 6.8% 

c Root Mean Square error 160    113  106  105  107  

d Theil U(II) – Median 153.1%   107.9% 101.4% 100.0% 102.2% 

e Theil U(II) – Prior     70.5% 66.2% 65.3% 66.7% 

f ReLMAE - Prior     104.4% 82.6% 82.3% 65.9% 

A general pattern can be discerned, albeit not a perfect fit, with sixteen (76.2%) of 

the twenty-one years conforming with the following two prediction rules. 

• The most accurate aggregated consensus estimate is the upper quartile if the market 

change year-on-year is greater than 1%. 

• The most accurate aggregated consensus estimate is the lower quartile if the market 

direction year-on-year is less than 1%. 

For the twenty-one years of the annual LBMA-PMS, the aggregated consensus 

estimate with the lowest absolute percentage error is tabulated in Table 4-14.  

Table 4-14 LBMA-PMS Aggregated Consensus Estimates Reliability 



140 

Direction Average Median 
Lower 

Quartile 

Upper 

Quartile 
Total 

Up by more than 1% 1 (2008)  2 (2004, 2012) 11 14 

Down by more than 1%  1 (2017) 5 1 (2014) 7 

Total 1 1 7 12 21 

The lower quartile accounted for 7 (33.3%) of the twenty-one years, with 5 (71.4%) 

of the seven years occurring in years when the market gold price declined by more 

than 1%. The upper quartile accounted for 12 (57.1%) of the twenty-one years, with 

11 (78.6%) of the fourteen years occurring in years when the market gold price 

increased by more than 1%. The five exceptions to the lower / upper quartile rules 

were: 

• 2004 (Annual average gold price increase of 11.2%): The lower quartile had a 

forecast error of 1.5%. The median forecast error of 2.4%, and the upper quartile's 

forecast error of 4.7%. 

• 2008 (Annual average gold price increase of 20.3%): The average had a forecast 

error of 1.1%. The median forecast error was 2.5%, and the upper quartile forecast 

error was 2.4%. 

• 2012 (Annual average gold price increase of 5.8%): The lower quartile had a 

forecast error of 3.5%. The median forecast error was 6.1%, and the upper quartile 

forecast error was 9.8%. 

• 2014 (Annual average gold price decrease of 11.4%): The upper quartile had a 

forecast error of 0.1%. The median forecast error was 2.9%, and the lower quartile 

forecast error was 7.2%. 

• 2017 (Annual average gold price increase of 0.5%): The median had a forecast 

error of 0.2%. The median forecast error was 0.2%, and the lower quartile forecast 

error was 3.8%.  

The LBMA-PMS annual forecasts were grouped into eleven equal annual gold 

price bands and graphed with the cumulative frequency percent. The point was to see 

if the spread of forecasts above and below the central value of the average LBMA gold 

price for the twenty-one years conformed with the expectation of balanced error 

dispersion (Figure 4-3 LBMA-PMS Gold Forecasts Distribution in Incremental Price 

Buckets). 
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Figure 4-3 LBMA-PMS Gold Forecasts Distribution in Incremental Price Buckets 

As observed from the twenty-one graphs, the distribution of the forecasts is not equally 

distributed above and below the LMBA annual average gold price. The extent of the 

skew in the predictions can be seen in Table 4-15, which tabulates the LBMA-PMS 

forecasts above and below the LMBA annual average gold price. The comparable 

distributions of the LBMA-PMS forecasts relative to the LBMA-PMS forecast average 

are included for comparative purposes. 

Table 4-15 LBMA-PMS Annual Forecasts Distributions 

Year 

Market 

gold 

direction 

LBMA 

Annual 

Average 

Below 

LBMA 

Annual 

Average 

Above 

LBMA 

Annual 

Average 

Lowest 

LBMA-

PMS 

Forecast 

Highest 

LBMA-

PMS 

Forecast 

Lowest 

APE 

consensus 

estimate 

2000 Neutral $279/oz 16.0% 84.0% $250/oz $440/oz Quartile 1 

2001 Down $271/oz 37.5% 62.5% $250/oz $297/oz Quartile 1 

2002 Up $310/oz 96.0% 4.0% $268/oz $315/oz Quartile 3 

2003 Up $363/oz 87.5% 12.5% $325/oz $370/oz Quartile 3 

2004 Up $409/oz 41.7% 58.3% $385/oz $452/oz Quartile 1 

2005 Up $444/oz 64.0% 36.0% $380/oz $463/oz Quartile 3 

2006 Up $604/oz 96.0% 4.0% $479/oz $618/oz Quartile 3 

2007 Up $695/oz 82.8% 17.2% $580/oz $755/oz Quartile 3 

2008 Up $872/oz 62.5% 37.5% $750/oz $1’050/oz Average 

2009 Up $972/oz 91.7% 8.3% $675/oz $988/oz Quartile 3 

2010 Up $1’225/oz 69.2% 30.8% $1’000/oz $1’388/oz Quartile 3 

2011 Up $1’572/oz 100.0% 0.0% $1’325/oz $1’550/oz Quartile 3 

2012 Up $1’669/oz 19.2% 80.8% $1’525/oz $2’050/oz Quartile 1 

2013 Down $1’411/oz 0.0% 100.0% $1’600/oz $1’900/oz Quartile 1 

2014 Down $1’266/oz 75.0% 25.0% $1’080/oz $1’315/oz Quartile 3 

2015 Down $1’160/oz 12.9% 87.1% $950/oz $1’321/oz Quartile 1 

2016 Up $1’251/oz 100.0% 0.0% $960/oz $1’225/oz Quartile 3 

2017 Neutral $1’257/oz 43.5% 56.5% $1’110/oz $1’350/oz Quartile 3 

2018 Neutral $1’268/oz 12.5% 87.5% $1’215/oz $1’381/oz Quartile 1 

2019 Up $1’393/oz 100.0% 0.0% $1’242/oz $1’365/oz Quartile 4 

2020 Down $1’770/oz 100.0% 0.0% $1’398/oz $1’755/oz Quartile 4 

Average 63.3% 36.7%    

The distribution of the LBMA-PMS forecasts was skewed below the LBMA 

annual average gold price, with a notable tendency for the vast majority of the LBMA-

PMS forecasters to share similar expectations about the anticipated LBMA average 

yearly gold price in the forthcoming year. The conformity in gold price forecasts was 
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also reflected in the high standard deviation of 34%, showing a high degree of 

variability. The forecasting spread below and above the LBMA annual average gold 

price in 2004, 2008, and 2017 was less than the overall twenty-one 34% standard 

deviation. In these three years, the median or average was among the more accurate 

aggregated consensus estimates, reflecting the expectation of balanced forecasting 

distribution errors. 

Table 4-16 LBMA-PMS Gold Aggregated Consensus Estimates Selection Errors 

Year 

Actual annual 

gold price 

change 

LBMA-PMS 

Forecasted gold 

price change 

Expected 

most accurate 

aggregated 

consensus 

estimate 

Actual most 

correct 

aggregated 

consensus 

estimate 

LBMA-PMS 

participant 

relative 

ascending rank 

and percent 

2004 Up (11.2%) Up (100%) Q3 (4.7%) Q1 (1.5%) 9 (38%) 

2008 Up (20.3%) Up (100%) Q3 (2.4%) Average (1.1%) 16 (67%) 

2012 Up (5.8%) Up (96.2%) Q3 (9.8%) Q1 (3.5%) 5 (19%) 

2014 Down (11.4%) Down (100%) Q1 (7.2%) Q3 (0.1%) 21 (75%) 

2017 Neutral (0.5%) Neutral (48%/52%) Q1 (3.8%) Median (0.2%) 10 (43%) 

For all five years, when the expected aggregated consensus estimate did not 

conform to the indicated selection criteria, the LBMA-PMS participants correctly 

predicted the market gold price direction. In 2004 relative to the average market gold 

price, 14 of the 24 LBMA-PMS participants made forecasts skewed to the upside. The 

successive year-on-year gold price increases since 2001 perhaps led to the overly 

optimistic expectations in 2004, resulting in the lower quartile being the most correct 

aggregated consensus estimate. The winning LBMA-PMS participant’s ranking was 

in the second quartile, with 15 instead of the expected 6 participants making higher 

gold price forecasts. 

Relative to the average market gold price in 2008, of the LBMA-PMS forecasts, 

15 were lower, and 9 were higher. The margin of error between the consensus average 

and the upper quartile as the most accurate aggregated consensus estimate was $11/oz 

or 1.3%. The impact of the Global Financial Crisis could have contributed to the lower-

than-expected gold price in 2008, which dropped in the second half relative to the first 

half. The winning LBMA-PMS participant’s ranking was in the third quartile, with 15 

rather than the expected 18 participants making lower gold price forecasts. In 2012, 

relative to the average market gold price, the LBMA-PMS forecasts were skewed to 

the upside, with 21 higher and 5 lower. Following the significant increase over the 

preceding nine years, the expectation was maybe for a similar increase in 2012, with 
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the gold price rising, falling, rising, and falling progressively in a volatile year. The 

winning LBMA-PMS participant’s ranking was in the first quartile, with 21 instead of 

the expected 6 participants making higher gold price forecasts. 

The LBMA-PMS forecasts in 2014 relative to the average market gold price were 

skewed to the downside, with 21 lower and 7 higher. Following the significant gold 

price decline in 2013 (21.4%), the expectation based on the LBMA-PMS forecasts 

appeared they expected a similar fall in 2014. The winning LBMA-PMS participant’s 

ranking was in the third quartile, with 20 instead of the expected 7 participants making 

lower gold price forecasts. The LBMA-PMS forecasts in 2017 relative to the actual 

market gold price were skewed to the upside, with 13 higher and 10 lower. The 

winning LBMA-PMS participant’s ranking was in the second quartile, with 9 instead 

of the expected 6 participants making lower gold price forecasts. 

The LBMA-PMS aggregated consensus estimates were analyzed for twenty-one 

years to test the reliability of applying the two indicative rules for average annual 

market gold price increasing by more than 1% or declining by more than 1%. The 

lower/upper quartile selection criteria yielded a smaller APE than the aggregated 

consensus average or median in sixteen years of the twenty-one years. The lower 

quartile yielded the lowest APE for two (2004; 2012) of the other five years rather than 

the expected upper quartile. In one (2014) instance of the other five years, the upper 

quartile had the lowest APE instead of the expected lower quartile.  

The RMSE was computed for each aggregated consensus estimate, showing the 

average forecasting error for each alternative reported (Table 4-13; Row c).  The 

computed RMSE was used for the numerator to calculate the Theil U(II) Index. The 

RMSE numerator was divided by the RMSE based on the actual market gold price less 

the aggregated consensus median (Table 4-13; Row d). The RMSE numerator was 

divided by the RMSE based on the actual market gold price less than the prior year's 

value (Table 4-13; Row e). The RelMAE based on the actual consensus average, 

median, lower quartile, upper quartile, and the rule-based lower and upper quartile is 

reported (Table 4-13; Row f). Table 4-17 LBMA-PMS Gold Aggregated Consensus 

Estimates Forecasting Errors tabulates the aggregated APE, RMSE, Theil U(II) Index, 

and RelMAE for the alternative aggregated consensus estimates for the twenty-one 

years as reported (Table 4-13; Columns 3-6, Row f). 
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Table 4-17 LBMA-PMS Gold Aggregated Consensus Estimates Forecasting Errors 

Aggregated consensus 

estimate 

Absolute 

Percentage 

Error (APE) 

Root Mean 

Square 

Error 

(RMSE) 

Theil U(II) 

Median 

Theil U(II) 

Prior year 

ReLMAE 

prior year 

Average 7.2% 106 101.4% 66.2% 82.6% 

Median 7.1% 105 100.0% 65.3% 82.3% 

Lower quartile (25%) 8.3% 113 107.9% 70.5% 104.4% 

Upper quartile (75%) 6.8% 107 102.2% 66.7% 65.9% 

Lower & Upper quartiles – 

LBMA forecasted 

direction1 

7.4% 113 107.9% 70.4% 63.8% 

Lower & Upper quartiles – 

Actual market direction2 
6.2% 95 90.3% 59.0% 59.6% 

1. Based on LBMA-PMS forecasted direction, select the upper quartile for rising gold markets 

and the lower quartile for neutral or falling gold markets. 

2. Based on the actual direction, the upper quartile is for rising gold markets, and the lower 

quartile is for neutral or falling gold markets. 

The APE difference between the average (7.2%) and the median (7.1%) is 

insignificant. The forecasting accuracy of the upper quartile (6.8%) is better than the 

average or median, reflecting the underestimation of the market gold price increase 

over the twenty-one years that included fourteen years of rising gold prices. Based on 

the actual gold market price direction, the most accurate forecast estimate (6.2%) 

would be the rule-based strategy of selecting either the lower or upper quartile based 

on an average annual market gold price of less than 1% or more than 1%, respectively. 

Looking at the reliability of the alternative aggregated consensus estimates and 

applying the rule-based selection based on the forecasted market direction yields a 

level of accuracy (7.4%), marginally worse than the aggregated consensus average 

(7.2%) or median (7.1%). The difference between the rule-based strategy depending 

on the actual market direction versus the LBMA-PMS forecasted market direction is a 

measure of the LBMA-PMS forecast direction error (1.2%). The RMSE used to 

calculate the Theil U(II) Index mirrored the APE results and indicated the expected 

reliability of aggregated consensus estimates. 

The two aggregated consensus estimates based on the degree of centrality of the 

forecasts, the median, and the average yielded similar results across all the forecasting 

error calculations. The advantage of the median and the average measures is that the 

offsetting of forecasting errors above and below the central point helped compensate 

for market gold price directional forecasting errors. Using the consensus median as the 
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comparative benchmark in the Theil U(II) Index calculation highlighted how the 

alternative of the lower or upper quartile choice was more reliable. In only seventeen 

of the twenty-one years, the LBMA-PMS participants correctly forecasted the future 

market gold price direction, influencing the evaluation of the lower and upper quartiles 

selection rule dependent on the actual market gold price direction. Using the LBMA-

PMS forecasted market gold price directions for the twenty-one years resulted in a less 

reliable outcome than the consensus median or average, as measured by the RMSE 

and reflected in the Theil U(II) Indexes. When using the actual market gold price 

change for selecting the lower or upper quartile, their reliability outperforms the 

consensus median or average based on the RMSE and Theil U(II) Index values. Using 

the actual market gold price change eliminates the LBMA-PMS participants' 

directional forecasting errors. The extent of the market gold price directional error can 

be measured as the difference in the RMSE error for the two lower and upper quartile 

selection options. The results from the RelMAE calculations confirm the Theil U(II) 

Indexes results. 

A factor in evaluating the reliability of aggregated consensus estimates was 

whether any individual LBMA-PMS forecaster could consistently be more reliable 

with a lower overall APE across multiple years. Table 4-18 LBMA-PMS Gold 

Analysts’ Forecasting tabulates the annual LBMA-PMS winning forecasters’ 

performance for all the years they took part, compared to the comparative aggregated 

consensus estimates. 

Table 4-18 LBMA-PMS Gold Analysts’ Forecasting Reliability 

LBMA-PMS 

Participant 

No. of 

years 

ranked 

most 

accurate1 

No. of 

years 

part. 

Average 

APE for 

all years 

part. 

Median 

APE 

Theil 

U(II) – 

Median 

ReLMAE 

– prior 

year 

Mann-

Kendall 

statistic 

(Zcrit95% 

1.65)2 

Aubertin, Philip 1 (100%) 1  0.0% 2.1% 1.9% 0.2% N/A 

Doshi, Aakash 1 (100%) 1  0.1% 4.1% 2.9% 11.8% N/A 

Holmes, David 1 (33%) 3  6.1% 6.5% 103.0% 58.1% N/A 

Levine, Howard 1 (25%) 4  3.7% 4.7% 84.0% 47.8% N/A 

Dahdah, Bernard 1 (17%) 6  10.9% 6.7% 179.9% 172.2% -0.38 

Tully, Edel 1 (17%) 6  8.7% 5.5% 226.1% 46.9% 0.00 

Teves, Joni 1 (14%) 7  9.6% 9.3% 122.2% 124.1% 0.87 

Melek, Bart 1 (13%) 8  10.5% 8.6% 127.7% 141.3% 0.75 

Reade, John 1 (11%) 9  9.9% 5.6% 240.5% 73.7% -0.73 

Hochreiter, Rene 3 (20%) 15  8.6% 7.1% 107.4% 73.5% 0.54 

Turner, Matthew 1 (6%) 16  6.2% 5.2% 109.3% 72.6% 0.30 
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LBMA-PMS 

Participant 

No. of 

years 

ranked 

most 

accurate1 

No. of 

years 

part. 

Average 

APE for 

all years 

part. 

Median 

APE 

Theil 

U(II) – 

Median 

ReLMAE 

– prior 

year 

Mann-

Kendall 

statistic 

(Zcrit95% 

1.65)2 

Norman, Ross 3 (16%) 19  6.1% 7.2% 91.2% 48.0% 1.00 

Klapwijk, Philip 3 (14%) 21  7.8% 7.1% 120.5% 69.8% -1.99 

Panizzutti, Frederic 2 (10%) 21  7.0% 7.1% 97.8% 68.6% -0.60 

Average 0 (0%) 21 7.2% 7.1% 101.4% 82.6% -0.63 

Median 0 (0%) 21 7.1% 7.1% 100.0% 82.3% -0.82 

Lower Quartile 0 (0%) 21 8.3% 7.1% 107.9% 104.4% -0.69 

Upper Quartile 1 (5%) 21 6.8% 7.1% 102.2% 65.9% -0.45 

Q1/Q3 – LBMA3 0 (0%) 21 7.4% 7.1% 107.9% 90.3% -1.24 

Q1/Q3 – Actual4 0 (0%) 21 6.2% 7.1% 63.8% 59.6% -1.48 

1. The number of years ranked first in LBMA-PMS and the percent of first compared to all years 

participated. 

2. Based on the APE, the z-Critical value for a 95% confidence interval for a one-sided test is 

1.65. The z-Critical value for a 90% confidence interval for a one-sided test is 1.28.  

3. Lower and upper quartile selection based on LBMA-PMS participants' forecasted direction. 

4. Lower and upper quartile selection is based on the actual market gold price direction. 

For the top LBMA-PMS participants tabulated in Table 4-18, 11 of the 14 had a 

ReLMAE lower than 100%, indicating they were more reliable than the prior year's 

average for predicting the following year’s gold price. The same result applies to 

aggregated consensus estimates other than the lower quartile (104.4%) and selection 

rule based on the actual market price direction of 59.6%. For the two participants who 

have taken part in all twenty-one years of the LBMA-PMS analyzed, and who 

previously ranked as the most accurate forecaster in at least one year, Klapwijk (3) and 

Panizzutti (2), their respective APE of 7.8% and 7.0% were comparable to the average 

(7.2%) and median (7.1%) APE. The most accurate participant in the annual LBMA-

PMS over the twenty-one years analyzed was Norman (3), with an APE of 6.1%, 

RelMAE of 48.0%, and Theil U(II) Index value of 91.2% for the nineteen years he 

took part. The Theil U(II) Index scores below 100% for Panizzutti (97.8%) and 

Norman (91.2%) reflect the same result as for the APE, as the only two top participants 

who had an overall performance better than the aggregated consensus median. The 

lower and upper quartile selection rule based on the actual market price direction 

yielded the lowest Theil U(II) Index value (63.8%). It provided an ideal benchmark 

for the most reliable forecasting aggregated consensus estimate.  

The Mann-Kendall test was used to test if there was any trend in the reliability of 

the LBMA-PMS forecasters’ APE values and the aggregated consensus estimates 
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(Mann, 1945; Gilbert, 1987). Because the APE ignores the directional error of the 

forecasting error, a one-sided confidence value of 1.65 was used based on a 95% 

confidence interval. The comparable confidence value for a 90% confidence interval 

is 1.28. Only 1 (Klapwijk) of the top 14 LBMA-PMS forecasters for the twenty-one 

years analyzed had a Mann-Kendall statistic greater than 1.65 z-Critical value. 

Klapwijk’s Mann-Kendall statistic of -1.99 indicated a decreasing accuracy trend over 

the twenty-one years he participated. At the 90% confidence interval, the lower and 

upper quartile selection rule based on the actual market price direction had a Mann-

Kendall statistic value of -1.48, greater than the 1.28 z-Critical value, indicating a 

significant decreasing trend over the twenty-one years. 

Table 4-19 LBMA-PMS Consensus Estimates and Top Analysts Reliability, 

summarizes the reliability of the individual LBMA-PMS participants relative to the 

aggregated consensus estimates. Of the top 3 participants, only Norman (6.1%) 

achieved a lower annual average APE than the average yearly aggregated consensus 

median (6.2%). Over the 21 years, Klapwijk and Panizzutti participated in the LBMA-

PMS. Each achieved a lower APE than the aggregated consensus median in 12 (57.1%) 

of the 21 years. Norman achieved a lower APE than the aggregated consensus median 

in 15 (78.9%) of the 19 years he participated in the LBMA-PMS. The selection rule 

for the Lower/Upper quartile (Table 4-19, Rule Q1/Q3) based on the actual LBMA 

(2020) annual average gold direction, achieved an APE of 6.3% and a lower APE than 

the aggregated consensus median in 17 (81%) of the 21 years. An indicative measure 

of the performance of the top 3 LBMA-PMS gold analysts and the RuleQ1/Q3 is the 

average rank over the years participated. The average number of participants over the 

twenty-one years analyzed was 26. As expected, the aggregated consensus median 

achieved an average rank of 11, comparable to the midpoint value of 13. Klapwijk and 

Panizzutti similarly achieved average ranks close to the midpoint value. Norman 

achieved an average rank of 9, representing a binomial probability of 11.5% based on 

the 19 years he participated. The Rule Q1/Q3 average rank was 8 and represented a 

binomial probability of 5.4% occurring over the 21 years.  

Table 4-19 LBMA-PMS Consensus Estimates and Top Analysts Reliability 
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Year / No. 

participants 

Lowest APE 

(%) / Market 

change (%) / 

Highest APE 

(%) 

APE measure APE (%) 
APE (%) 

Rank 

Rank z-

Score 

2000 
Lowest Median 5.7% 11 0.28 

10.4% Rule Q1/Q3 2.1% 4 1.25 

Market 0.2% Norman       

Participants Highest Klapwijk 0.3% 1 1.66 

25 57.7% Panizzutti 8.2% 16 -0.42 

2001 
Lowest Median 1.5% 6 0.94 

7.8% Rule Q1/Q3 1.1% 4 1.23 

Market -3.0% Norman       

Participants Highest Klapwijk 0.0% 1 1.66 

24 9.6% Panizzutti 4.0% 16 -0.51 

2002 
Lowest Median 6.4% 10 0.42 

13.5% Rule Q1/Q3 5.6% 7 0.83 

Market 12.5% Norman 1.5% 1 1.66 

Participants Highest Klapwijk 5.6% 7 0.83 

25 1.7% Panizzutti 4.7% 5 1.11 

2003 
Lowest Median 5.0% 11 0.22 

10.6% Rule Q1/Q3 3.5% 6 0.94 

Market 14.8% Norman 1.3% 2 1.52 

Participants Highest Klapwijk 1.7% 3 1.37 

24 1.7% Panizzutti 1.7% 4 1.23 

2004 
Lowest Median 2.4% 8 0.65 

5.9% Rule Q1/Q3 4.7% 17 -0.65 

Market 11.2% Norman 10.5% 24 -1.66 

Participants Highest Klapwijk 9.4% 22 -1.37 

24 10.5% Panizzutti 7.5% 20 -1.08 

2005 
Lowest Median 1.5% 8 0.69 

14.5% Rule Q1/Q3 1.3% 6 0.97 

Market 7.9% Norman 0.6% 3 1.39 

Participants Highest Klapwijk 3.7% 16 -0.42 

25 4.2% Panizzutti 3.3% 13 0.00 

2006 
Lowest Median 13.1% 13 0.00 

20.7% Rule Q1/Q3 8.2% 7 0.83 

Market 26.4% Norman 2.4% 1 1.66 

Participants Highest Klapwijk 11.9% 12 0.14 

25 2.4% Panizzutti 9.9% 9 0.55 

2007 
Lowest Median 6.5% 13 0.24 

16.6% Rule Q1/Q3 3.0% 7 0.96 

Market 13.2% Norman 3.0% 6 1.08 

Participants Highest Klapwijk 3.1% 8 0.84 

29 8.6% Panizzutti 6.2% 12 0.36 

2008 
Lowest Median 2.5% 5 1.08 

14.0% Rule Q1/Q3 2.4% 4 1.23 



151 

Year / No. 

participants 

Lowest APE 

(%) / Market 

change (%) / 

Highest APE 

(%) 

APE measure APE (%) 
APE (%) 

Rank 

Rank z-

Score 

Market 20.3% Norman 11.9% 21 -1.23 

Participants Highest Klapwijk 0.7% 2 1.52 

24 20.4% Panizzutti 0.0% 1 1.66 

2009 
Lowest Median 7.4% 12 0.07 

30.6% Rule Q1/Q3 2.7% 6 0.94 

Market 10.3% Norman 1.6% 4 1.23 

Participants Highest Klapwijk 0.2% 1 1.66 

24 1.6% Panizzutti 7.3% 12 0.07 

2010 
Lowest Median 2.1% 7 0.87 

18.3% Rule Q1/Q3 0.7% 2 1.53 

Market 20.6% Norman 0.9% 5 1.13 

Participants Highest Klapwijk 4.3% 14 -0.07 

26 13.4% Panizzutti 3.6% 10 0.47 

2011 
Lowest Median 6.8% 12 0.07 

15.7% Rule Q1/Q3 5.1% 6 0.94 

Market 22.1% Norman 3.7% 2 1.52 

Participants Highest Klapwijk 6.0% 10 0.36 

24 1.4% Panizzutti 4.4% 3 1.37 

2012 
Lowest Median 6.1% 12 0.20 

8.6% Rule Q1/Q3 9.8% 19 -0.73 

Market 5.8% Norman 5.8% 11 0.33 

Participants Highest Klapwijk 5.5% 10 0.47 

26 22.8% Panizzutti 8.3% 17 -0.47 

2013 
Lowest Median 24.2% 12 0.00 

13.4% Rule Q1/Q3 21.4% 6 0.90 

Market -18.3% Norman 23.0% 8 0.60 

Participants Highest Klapwijk 30.9% 19 -1.06 

23 34.6% Panizzutti 24.2% 12 0.00 

2014 
Lowest Median 2.9% 12 0.31 

14.7% Rule Q1/Q3 7.2% 21 -0.80 

Market -11.4% Norman 0.6% 4 1.30 

Participants Highest Klapwijk 7.1% 21 -0.80 

28 3.8% Panizzutti 0.4% 1 1.67 

2015 
Lowest Median 6.0% 13 0.34 

18.1% Rule Q1/Q3 2.4% 5 1.23 

Market -9.2% Norman 13.9% 30 -1.57 

Participants Highest Klapwijk 1.1% 4 1.34 

31 13.9% Panizzutti 11.4% 27 -1.23 

2016 
Lowest Median 10.5% 16 0.00 

23.3% Rule Q1/Q3 8.5% 8 0.89 

Market 7.3% Norman 11.2% 17 -0.11 

Participants Highest Klapwijk 16.6% 27 -1.23 
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Year / No. 

participants 

Lowest APE 

(%) / Market 

change (%) / 

Highest APE 

(%) 

APE measure APE (%) 
APE (%) 

Rank 

Rank z-

Score 

31 2.1% Panizzutti 10.5% 16 0.00 

2017 
Lowest Median 0.2% 3 1.36 

11.7% Rule Q1/Q3 3.8% 15 -0.45 

Market 0.5% Norman 4.2% 17 -0.75 

Participants Highest Klapwijk 2.5% 10 0.30 

23 7.4% Panizzutti 1.2% 5 1.06 

2018 
Lowest Median 4.1% 11 0.22 

4.2% Rule Q1/Q3 1.5% 5 1.08 

Market 0.9% Norman 7.1% 18 -0.79 

Participants Highest Klapwijk 8.9% 24 -1.66 

24 8.9% Panizzutti 7.6% 21 -1.23 

2019 
Lowest Median 5.6% 15 0.06 

10.8% Rule Q1/Q3 4.8% 8 0.87 

Market 8.9% Norman 4.0% 4 1.33 

Participants Highest Klapwijk 5.3% 13 0.29 

30 2.0% Panizzutti 4.1% 5 1.21 

2020 
Lowest Median 11.9% 15 0.06 

21.0% Rule Q1/Q3 10.0% 8 0.87 

Market 21.3% Norman 0.8% 1 1.68 

Participants Highest Klapwijk 12.2% 18 -0.29 

30 0.8% Panizzutti 7.6% 3 1.44 

26 7.7% Average    

Average APE / Average Rank / 

z-Score <1.65> (CL 90%) 

Median 7.1% 11 0.28 

Rule Q1/Q3 6.2% 8 0.69 

Norman 6.1% 9 0.54 

Klapwijk 7.8% 12 0.14 

Panizzutti 7.0% 11 0.28 

An inference that could be drawn from Norman's relative APE performance 

was that he could be considered a more reliable forecaster than the aggregated 

consensus median. An assumption could similarly be drawn about the Rule Q1/Q3 

aggregated consensus estimate. The average z-Scores for Norman’s ranks over the 

19 years he participated was 0.54, with 3 (15.8%) years ranking above the critical 

limit of 1.65 and 1 (5.3%) year below the critical limit of -1.65. The cumulative 

probability of 3 years’ ranks exceeding the critical limit is 10.1%, remembering 

the offsetting 1 year below the critical limit. The same conclusion can be drawn 

for the other two top LBMA-PMS analysts, with Klapwijk having 3 z-Scores above 

1.65, a cumulative probability of 9.3%, and 1 below -1.65. Panizzutti had 2 z-

Scores above 1.65 with a cumulative probability of 6.9%. 
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Figure 4-4 LBMA-PMS Gold Top 3 Forecasters and Consensus Median  shows 

the forecasted annual gold prices of the top 3 LBMA-PMS participants and the 

aggregated consensus median compared to the actual market gold price and annual 

ranks for all the LBMA-PMS participants each year. Given the low APE results 

achieved by the LBMA-PMS top 3 participants (Average 6.9%), their gold price 

forecasts tracked the actual market gold price closely, with a few exceptions, such as 

in 2012, 2013, and 2016. The annual variation in the rank of the top 3 LBMA-PMS 

forecasters and the aggregated consensus median illustrates the variation in their 

relative performance. When the LBMA-PMS forecasters and the aggregated 

consensus median are ranked according to their annual APE, their yearly average 

ranking tends to revert towards the midpoint rank of the average of all the LBMA-

PMS participants. 

   

  

Figure 4-4 LBMA-PMS Gold Top 3 Forecasters and Consensus Median Reliability 

For the Test-Retest correlation analysis of the APE of the winning LBMA-PMS 

forecasters and the aggregated consensus estimates, the correlation average was 

around 15% (Guttman, 1945; Weir, 2005). The Mann-Kendall statistic showed similar 

results, indicating no significant sign of a trend over successive years of forecasting, 

either improving or worsening (Mann, 1945; Gilbert, 1987). Figure 4-5 LBMA-PMS 

Top 3 Analysts' Annual APE and the Consensus Median graphs the annual variation in 
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the APE for the top 3 LBMA-PMS forecasters and the aggregated consensus median 

and illustrates the lack of clear trends.  

 

Figure 4-5 LBMA-PMS Top 3 Analysts' Annual APE and the Consensus Median 

The performance of the top 3 LBMA-PMS forecasters in predicting the future 

market gold price direction was comparable to the aggregated consensus median of all 

the LBMA-PMS participants. The possibility of selecting the best forecast depends on 

correctly knowing the expected market gold price direction, regardless of the past 

performance of the LBMA-PMS forecaster, the aggregated consensus median, or 

applying a selection rule such as the Lower/Upper Quartile depending on the expected 

gold price direction. 

4.7. LBMA Precious Metals Survey Qualitative Results 

The annual LBMA-PMS requires the participants to explain the basis for their gold 

forecasts. Using the key factors considered significant for forecasting the future gold 

price by the World Gold Council (Gold, 2021), the explanations of the LBMA-PMS 

participants over the twenty-one years were standardized for terminology and analyzed 

for frequency of keywords and collocates using WordSmith Tools. A consideration in 

the qualitative analysis was if the qualitative data mirrored the reliability of the 

aggregated consensus estimates based on the quantitative data. The Table 4-20 below 

tabulates the frequency of the keywords or concepts for the twenty-one years of 

LBMA-PMS linked to the World Gold Council (Gold, 2021) list. Table 4-20 LBMA-

PMS World Gold Council Keyword Frequency lists the identified keywords' relative 

occurrence, which accounted for around 10% of the total word count. 
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Table 4-20 LBMA-PMS World Gold Council Keyword Frequency 

World Gold Council 

keywords occurrences 
Economy Demand 

Risk / 

Uncertainty 

Opportunity 

cost 

Trends / 

Supply 

Economic 0.80%         

USA 0.59%         

World 0.35%         

Oil 0.10%         

Demand   0.62%       

Market   0.61%       

Metal   0.43%       

Central Banks   0.32%       

China   0.21%       

India   0.14%       

Asia   0.11%       

Production hedge   0.16%       

Asset   0.15%       

Jewellery   0.14%       

ETF   0.10%       

Reserve   0.09%       

US Dollar     0.78%     

Policies     0.31%     

Risk     0.24%     

Inflation     0.22%     

Currency     0.19%     

Geopolitical     0.14%     

EUR     0.11%     

Safe-haven     0.10%     

Environment     0.10%     

Political     0.09%     

Interest Rates       0.43%   

Investor       0.37%   

Investment       0.27%   

Federal Reserve Bank       0.26%   

Equity Exchange       0.17%   

Fund       0.09%   

Supply         0.19% 

Producer         0.14% 

Mine         0.13% 

Production         0.08% 

TOTAL 1.84% 3.07% 2.29% 1.59% 0.54% 
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The explanations provided by the LBMA-PMS participants focused on the buy-

side of the gold market, economy, demand, risk and uncertainty, and opportunity cost, 

accounting for 94% of the keyword occurrences. The sell-side or supply of the gold 

market accounted for a far lesser 6%. For the buy-side of the gold market, the demand 

(35%) and risk and uncertainty (26%) were seen as the most significant factors, 

accounting for 61% of the total buy-side keywords. 

Table 4-21 LBMA-PMS World Gold Council Keyword Annual Occurrences 

tabulates the occurrence of the World Gold Council (Gold, 2021) keywords annually 

for all the LBMA-PMS participants and the corresponding aggregated consensus 

median APE for the year. The correlation between the APE and the keyword 

occurrences, average word count, and the number of LBMA-PMS participants was 

calculated to determine if the explanations supplied informed the reliability of the 

aggregated consensus median. The years in which the LBMA-PMS participants 

incorrectly predicted the market gold price direction are highlighted in bold. In 2017, 

the split of LBMA-PMS participants expecting a gold price increase (11) versus a 

decrease (12) in the gold price was almost balanced. 

Table 4-21 LBMA-PMS World Gold Council Keyword Annual Occurrences 

World Gold 

Council keyword 

annual occurrences 

Total keyword 

occurrences (%) 

LBMA-PMS 

average word 

count 

LBMA-PMS No. 

of participants 

LBMA-PMS 

Median APE 

2000 6.7% 163 25 5.7% 

2001 9.2% 185 24 1.5% 

2002 8.8% 165 25 6.4% 

2003 8.5% 175 24 5.0% 

2004 8.9% 186 24 2.4% 

2005 9.6% 137 25 1.5% 

2006 8.5% 174 25 13.1% 

2007 9.2% 178 29 6.5% 

2008 10.1% 195 24 2.5% 

2009 9.3% 179 24 7.4% 

2010 9.1% 185 26 2.1% 

2011 9.7% 184 24 6.8% 

2012 8.1% 172 26 6.1% 

2013 8.8% 185 23 24.2% 

2014 9.7% 157 28 2.9% 

2015 10.0% 173 31 6.0% 

2016 11.0% 168 31 10.5% 

2017 9.9% 180 23 0.2% 
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World Gold 

Council keyword 

annual occurrences 

Total keyword 

occurrences (%) 

LBMA-PMS 

average word 

count 

LBMA-PMS No. 

of participants 

LBMA-PMS 

Median APE 

2018 10.7% 140 24 4.1% 

2019 10.5% 142 30 5.6% 

2020 9.6% 162 30 11.9% 

Average 9.3% 171 26 7.1% 

Correlation -12.4% 11.2% 8.7% 100.0% 

The correlation between the aggregated consensus median APE and the keyword 

occurrences, the average explanations word count, and the number of annual LBMA-

PMS participants was low, indicating no significant relationship between these factors. 

In 2017 when the number of LBMA-PMS participants was equally divided in the 

expected gold price direction, the aggregated consensus median was the most reliable. 

The keyword occurrences percentage (9.9%) was comparable to the twenty-one-year 

average (9.3%). The 2017 forecasting spread was the closest to the general expectation 

of almost equivalent forecasting errors above and below the central measure of the 

group. Still, from a qualitative perspective, the same trend was not discernible. 

An explanation for the lack of a correlation between the keywords and the 

aggregated consensus median was that the possible diversity of occurrences across the 

keywords offset each other, leading to a lower level of correlation with the aggregated 

consensus median APE. Table 4-22 LBMA-PMS World Gold Council Keyword 

Correlations tabulates the correlation between the World Gold Council (Gold, 2021) 

keyword groupings, word count, number of participants, and aggregated consensus 

median APE. 

Table 4-22 LBMA-PMS World Gold Council Keyword Correlations 

World Gold 

Council 

keyword 

correlation 

matrix 
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Economy   (70.5%) 53.5% 63.6% (50.5%) 69.9% (18.8%) 42.0% 15.0% 

Demand (70.5%)   (51.5%) (35.4%) 31.1% (30.9%) 24.4% (12.6%) 1.5% 

Risk / 

Uncertainty 
53.5% (51.5%)   47.7% (48.9%) 74.8% (18.1%) 7.1% (23.7%) 

Opportunity 

cost 
63.6% (35.4%) 47.7%   (56.6%) 81.7% (39.4%) 44.8% 4.2% 

Trends / 

Supply 
(50.5%) 31.1% (48.9%) (56.6%)   (38.3%) 23.7% (24.1%) (24.8%) 

Total 

keyword 

occurrences 

69.9% (30.9%) 74.8% 81.7% (38.3%)   (23.2%) 36.8% (12.4%) 
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World Gold 

Council 

keyword 

correlation 

matrix 
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Average 

word count 
(18.8%) 24.4% (18.1%) (39.4%) 23.7% (23.2%)   (32.8%) 11.2% 

No. 

Participants 
42.0% (12.6%) 7.1% 44.8% (24.1%) 36.8% (32.8%)   8.7% 

Median 

APE 
15.0% 1.5% (23.7%) 4.2% (24.8%) (12.4%) 11.2% 8.7%   

The World Gold Council (Gold, 2021) keyword groups and the aggregated 

consensus median APE were negatively and positively correlated, albeit not strongly, 

perhaps accounting for the low overall correlation observed. The buy-side factors of 

economy, risk, uncertainty, and opportunity cost showed strong positive cross-

correlations mirrored in the correlations with the total occurrences, indicating a 

common association between the LBMA-PMS participants in their expectations about 

these factors. The demand and supply factors displayed a low correlation, a negative 

correlation with the economy, risk and uncertainty, and opportunity cost. The 

correlation between the number of LBMA-PMS participants and economy and 

opportunity cost was positive and more significant than the negative correlation 

between demand and supply. The implication is that increasing the number of 

participants resulted in more of the same explanations rather than a greater diversity 

of opinions. For the correlations of the keyword groups and the average word count, 

the higher average word counts were associated with lesser occurrences of economy, 

risk and uncertainty, opportunity cost, and demand and supply. The combination of a 

negative correlation between the number of participants and demand and supply and a 

positive correlation of the two factors with average word count would appear to show 

as participation drops off, the overall diversity of opinions becomes more balanced. 

The low correlation between the World Gold Council (Gold, 2021) keyword 

groups and the aggregated consensus median APE was unexpected. The combination 

of negative and positive correlations for some of the World Gold Council (Gold, 2021) 

keyword groupings may account for the low overall correlations. Another explanation 

was that the justifications supplied were intended to reflect the uncertainty around the 

judgmental gold price forecasts made, aiming to explain their basis and perhaps the 

unknown factors that could cause the estimates to be wrong. An implication from the 

qualitative analysis questions the assertion that requiring an explanation for a 

judgmental forecast improves its reliability. It could also be that the LBMA-PMS 
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forecasters have an intuitive sense of the value of the judgmental estimate they are 

making, and the justifications were more of a practiced response addressing the typical 

issues. 

The LBMA-PMS explanations were analyzed for neighboring collocates, twelve 

words on either side of the keyword, using WordSmith Tools. Table 4-23 LBMA-PMS 

World Gold Council Main Keyword Collocates summarizes the ten main keywords 

that accounted for approximately 30% of the collocate occurrences between the 

keywords listed and around 60% of the total occurrence for the identified keywords.  

Table 4-23 LBMA-PMS World Gold Council Main Keyword Collocates 

Keyword 

Collocates 
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Economic  1.44% 0.27% 0.32% 0.54% 0.36% 0.39% 0.10% 0.22% 3.52% 

USA 1.43%  0.24% 0.29% 0.96% 0.45% 1.40% 0.08% 0.71% 4.36% 

Demand 0.30% 0.23%  0.61% 0.25% 0.16% 0.15% 1.11% 0.08% 3.16% 

Market 0.32% 0.30% 0.60%  0.44% 0.14% 0.37% 0.35% 0.21% 2.74% 

US Dollar 0.60% 0.93% 0.28% 0.43%  0.29% 0.83% 0.12% 0.30% 3.21% 

Inflation 0.35% 0.44% 0.18% 0.16% 0.24%  0.44% 0.09% 0.15% 1.83% 

Interest Rates 0.38% 1.36% 0.12% 0.35% 0.82% 0.46%  0.07% 0.98% 4.66% 

Investment 0.13% 0.09% 1.09% 0.38% 0.13% 0.10% 0.07%  0.04% 2.13% 

Federal Reserve 0.21% 0.68% 0.09% 0.20% 0.34% 0.16% 1.13% 0.05%  1.73% 

% of Total 3.70% 5.48% 2.87% 2.74% 3.71% 2.12% 4.78% 1.97% 2.70% 27.35% 

The most significant associations centered around the economy, the United States, 

and demand. The occurrences of the collocates focused on the United States economy, 

dollar, interest rates, and Federal Reserve Bank. For demand, the main cross 

collocation occurred with investment. The correlation between the aggregated 

consensus median APE and the nine keywords in Table 4-23 was 18.3%, compared to 

12.4% for all thirty-six keywords from the World Gold Council (Gold, 2021) list. It 

may improve the reliability of the aggregated gold price forecasting if participants are 

asked to focus on the fewer but more significant factors or even make it easier and ask 

the forecasters to assign a weighting. 

4.8. Research Findings 

The cooperative inquiry involved the collection of 190 metal price forecasts from 

23 participants over seven periods on the CM panel website. In addition, 545 gold 

price forecasts made by 127 participants in the LBMA-PMS over twenty-one years 

were sourced to triangulate with the CM panel results. The data from both forecasting 

forums were analyzed to evaluate the possibility of finding a reliable aggregated 

consensus estimate that could be used in the workplace in the future. The quantitative 



160 

analysis yielded an alternative perspective on aggregated consensus estimates that 

warrants further consideration in the workplace of natural resource organizations. The 

qualitative analysis produced less definitive results, suggesting that the metal price 

forecasting participants' explanations of their judgmental forecasts were not fully 

informed by their numerical estimates. From a cooperative inquiry perspective of the 

researcher, orchestrating the collection and making metal price forecasts allowed 

insights to be gained that could be applied in considering a metal price forecasting 

approach in the workplace, structured by considering some of the insights gained from 

the AR project. 

The AR project questioned three aspects of the possibility of using an aggregated 

consensus approach for making metal price forecasts for use in the workplace by 

natural resource organizations.  

Hypothesis 1  

The aggregated consensus median will be the most reliable metal price forecast 

over multiple periods, capturing the diversity of estimates around the statistical 

midpoint. 

Hypothesis 1 Conclusion 

For the CM panel copper forecasts, the lowest APE (8.9%) over the seven 

forecasting periods and 107 forecasts was the upper quartile (Table 4-2 CM panel 

Forecasts - Copper Consensus Estimates Summary). The comparable aggregated 

consensus average and median APE were 14.5% and 16.1%. The CM panel copper 

Theil U(II) Index for the upper quartile, compared to the median (100%), was 61.3%. 

The z-Score based on the average ranking for the aggregated consensus median and 

upper quartile were below the critical threshold of 1.4 at a 90% confidence limit. The 

inference that can be drawn from the CM panel copper data, the aggregated consensus 

median is not the most reliable forecast. Despite having the lowest APE, the z-Score 

for the aggregated consensus upper quartile would infer it is not a reliable forecast. If 

the Theil U(II) Index is used to measure forecasting reliability, the aggregated 

consensus upper quartile performed better than the aggregated consensus median in 

forecasting the copper price in a rising metal price environment. 

For the CM panel gold forecasts, the lowest APE (3.2%) over the seven forecasting 

periods and 84 forecasts was the lower quartile (Table 4-5 CM panel Forecasts - Gold 
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Consensus Estimates Summary). The comparable aggregated consensus average and 

median APE were 6.9% and 6.3%. The CM panel gold Theil U(II) Index for the lower 

quartile, compared to the median (100%), was 62.6%. The z-Score based on the 

average ranking for the aggregated consensus median and lower quartile was below 

the critical threshold of 1.4 at a 90% confidence limit. The inference that can be drawn 

from the CM panel gold data, the aggregated consensus median is not the most reliable 

forecast. Despite having the lowest APE, the z-Score for the aggregated consensus 

lower quartile would infer it is not a reliable forecast. If the Theil U(II) Index is used 

to measure forecasting reliability, the aggregated consensus lower quartile performed 

better than the aggregated consensus median in forecasting the gold price in a declining 

metal price environment. 

For the LBMA-PMS, the consensus average (7.2%) and median (7.1%) of the 

twenty-one years and 545 forecasts only accounted for one year with the lowest APE. 

The lower quartile (8.3%) had the lowest APE for seven of the twenty-one years, and 

the upper quartile (6.8%) had the lowest APE for the remaining twelve years (Table 

4-13 LBMA-PMS Gold Forecasts - Consensus Estimates Summary). The LBMA-PMS 

Theil U(II) Index for the election rule Q1/Q3 aggregated consensus lower/upper 

quartile, compared to the median (100%), was 90.3%. The z-Score based on the 

average ranking for the aggregated consensus median was similarly below the critical 

threshold of 1.65 at the 90% critical limit. The inference that can be drawn from the 

LBMA-PMS data, the aggregated consensus median is not the most reliable forecast. 

Despite having a low APE, the z-Score for the selection rule Q1/Q3 aggregated 

consensus lower/upper quartile would infer it is not a reliable forecast. Suppose the 

Theil U(II) Index is used as a measure of forecasting reliability. In that case, the 

selection rule Q1/Q3 aggregated consensus lower/upper quartile potentially provides 

a more reliable forecast than the aggregated consensus median, subject to correctly 

anticipating the future market metal direction. 

The CM panel data reject the hypothesis that the aggregated consensus median is 

reliable for predicting metal prices. The LBMA-PMS data reinforces the CM panel 

findings that the aggregated consensus median is not a reliable forecast of metal prices. 

The analysis of the CM panel and the LBMA-PMS data, based on the achieved APE 

and Theil U(II) Index values, point to the possibility of using one of the other 

aggregated consensus estimates as a more reliable estimate of future metal prices. The 
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lower and upper quartile aggregated consensus estimates offer a workable alternative 

to the aggregated consensus average or median. The reliability of the lower and upper 

quartile is subject to the proviso of correctly predicting the future market metal price 

direction. The CM panel and LBMA-PMS data analysis did not support the possibility 

of an individual expert consistently proving reliable in forecasting metal prices. 

Hypothesis 1, advocating the consensus median as a reliable forecaster of metal prices, 

is rejected. 

Null Hypothesis 1 - Alternative 1 

An individual expert can reliably forecast metal prices over multiple periods more 

than the aggregated consensus median. 

Null Hypothesis 1 – Alternative 1 Conclusion 

Among the CM panel copper participants who submitted forecasts in all seven 

forecasting periods, 2 achieved a lower APE than the aggregated consensus average or 

median, and 2 performed worse (Table 4-3 CM panel - Copper Consensus Estimates 

Reliability). None of the 4 CM panel copper participants achieved a lower APE than 

the aggregated consensus upper quartile. The CM panel copper Theil U(II) Index for 

the upper quartile (61.3%), compared to the median (100%), which was lower than 

any of the 4 CM panel copper participants who submitted forecasts in all seven 

forecasting periods. The z-Score based on the average ranking for the 4 top 

participating CM panel copper participants was below the critical threshold of 1.4 at 

the 90% critical limit. However, around half of the CM panel copper participants 

achieved a lower APE than the aggregated consensus median. However, none could 

be considered a reliable forecaster based on their ranking performance. If the Theil 

U(II) Index is used to measure forecasting reliability, 2 of the CM panel copper 

participants performed better than the aggregated consensus median but not the 

aggregated consensus upper quartile. 

Among the CM panel gold participants who submitted forecasts in all seven 

forecasting periods, 3 achieved a lower APE than the aggregated consensus average or 

median, and 1 performed worse (Table 4-6 CM panel – Gold Consensus Estimates 

Reliability). Of the 4 CM panel gold participants, only 1 achieved an APE marginally 

lower than the aggregated consensus lower quartile. The CM panel gold Theil U(II) 

Index for the lower quartile (62.6%), compared to the median (100%), which was 
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lower than 3 of the 4 CM panel gold participants who submitted forecasts in all seven 

forecasting periods. The z-Score based on the average ranking for the 4 top 

participating CM panel gold participants was below the critical threshold of 1.4 at the 

90% critical limit. However, around half of the CM panel gold participants achieved a 

lower APE than the aggregated consensus median. However, none could be considered 

a reliable forecaster based on their ranking performance. Despite having the lowest 

APE, the z-Score for the aggregated consensus lower quartile would infer it is not a 

reliable forecast. If the Theil U(II) Index is used to measure forecasting reliability, 3 

of the CM panel gold participants performed better than the aggregated consensus 

median and one better than the aggregated consensus lower quartile. 

For the top 3 LBMA-PMS analysts who had submitted forecasts in nineteen or 

more years, 1 achieved a lower APE than the aggregated consensus median, and 2 

performed worse (Table 4-18 LBMA-PMS Gold Analysts’ Forecasting ). Of the 3 

LBMA-PMS analysts, 1 achieved an APE (6.1%) marginally lower than the selection 

rule Q1/Q3 aggregated consensus lower/upper quartile (6.2%). The LBMA-PMS Theil 

U(II) Index for the best-performing analyst was 91.2%, compared to the median 

(100%), and was comparable to selection rule Q1/Q3 aggregated consensus 

lower/upper quartile 90.3%. The z-Score based on the average ranking for the 3 top 

performing LBMA-PMS analysts was below the critical threshold of 1.65 at the 90% 

critical limit. Based on their ranking performance, the inference that can be drawn from 

the LBMA-PMS data is that none of the top 3 LBMA-PMS analysts could consistently 

be considered a reliable forecaster. If the Theil U(II) Index is used to measure 

forecasting reliability, the top LBMA-PMS analyst (Norman) performed better than 

the aggregated consensus median and similar to the selection rule Q1/Q3 aggregated 

consensus lower/upper quartile. 

Over the nineteen years, Norman’s best APE was 0.6% in 2014, and his worst APE 

was 23.0% in 2013, with a standard deviation of 5.8% for all nineteen years. The 

comparable relative APE performance of lower or upper quartile rule-based strategy 

over the same 19 years of the LBMA-PMS was a minimum APE of 0.7% in 2010 and 

a maximum APE of 21.4% in 2013, with a standard deviation over the nineteen years 

of 4.6%. The Test-Retest correlations for Norman and the lower or upper quartile rule-

based strategy were around negative 17% and positive 24%, respectively, showing low 

consistency levels. The positive lower or upper-quartile rule-based strategy correlation 
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implied greater consistency in successive years’ performances. The Mann-Kendall test 

was used to test if there was any trend in the reliability of Norman’s APE values over 

the nineteen years he participated in the LBMA-PMS (Mann, 1945; Gilbert, 1987). 

Because the APE ignores the directional error of the forecasting error, a one-sided 

confidence value of 1.65 was used based on a 95% confidence interval. The 

comparable confidence value for a 90% confidence interval is 1.28. Norman’s Mann-

Kendall statistic value of 1.00 indicated an increasing accuracy trend over the nineteen 

years he participated, but not sufficient to support the hypothesis that he reliably 

predicted the future gold price.  

For the CM panel data, with only one participant performing marginally better than 

the aggregated consensus lower quartile in forecasting the gold price, it supports 

rejecting the hypothesis that an individual expert can reliably predict metal prices. The 

LBMA-PMS data reinforces the CM panel findings that a particular expert can reliably 

forecast metal prices. The insight gained from the LBMA-PMS longer forecasting data 

horizon analyzed was an individual expert might perform well compared to the 

aggregated consensus estimates. However, the comparable performance may not be 

significantly better than the alternative aggregated consensus estimates. The expert’s 

possible inconsistent performance over successive forecasting periods may undermine 

the reliability looked for by the natural resource industry organizations, supporting the 

consideration of an aggregated consensus estimate that reflects a broader group of 

insights. The CM panel and LBMA-PMS data analysis did not support the possibility 

of an individual expert consistently proving reliable in forecasting metal prices. Null 

Hypothesis 1 – Alternative 1 advocating an individual expert as a reliable forecaster 

of metal prices is rejected. 

Null Hypothesis 1 - Alternative 2 

As alternative aggregated consensus estimates, the lower and upper quartiles can 

be used as more reliable metal price forecasts than the aggregated consensus median 

or specific experts’ forecasts. 

Null Hypothesis 1 - Alternative 2 Conclusion 

The data analysis from the CM panel and LBMA-PMS showed that the lower 

quartile or upper quartile represented workable aggregated consensus estimates, 

subject to the proviso that it depended on correctly predicting the market direction of 
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the metal price being forecasted. Compared to the aggregated consensus average or 

median, the more reliable performance of the two quartile measures indicated 

forecasters are prone to bias, such as an anchoring bias linked to the prior period or 

groupthink reflecting the prevailing metal price expectations based on past trends 

(Drummond, 2001; Jannis, 1973). The herding behavior observed among analysts is 

ubiquitous, cited in numerous stock market studies (De Bondt and Forbes, 1999; 

Rülke, 2016; Trueman, 1994; Welch, 2000). The crucial element in choosing the most 

reliable aggregated consensus estimates is correctly anticipating the forecasted metal 

price direction (Armstrong, 2008, Greenberg, 2012).  

On average, 3 (20%) out of 15 forecasts made by the CM panel copper participants 

in the seven forecasting periods correctly predicted the rising copper price. Applying 

the Condorcet Jury Theorem, the calculated average probability for a declining copper 

price was 98% relative to the increasing market copper price (Mueller, 2003). On 

average, 5 (~42%) out of 12 forecasts made by the CM panel gold participants in the 

seven forecasting periods correctly predicted the declining gold price. Applying the 

Condorcet Jury Theorem, the calculated average probability for an increasing gold 

price was ~81% compared to the declining market gold price (Mueller, 2003). The 

performance of the lower or upper quartiles for the CM panel forecasts yielded 

aggregated consensus estimates that were ~80% more accurate than the performance 

of the individual forecasters. As aggregated consensus estimates, the lower and upper 

quartiles were also more reliable than the aggregated consensus average or median, 

assuming the direction of the market metal price was correctly anticipated. 

The possibility of incorrectly anticipating the gold price direction was significant 

for the LBMA-PMS participants with a 1-year time horizon for the gold price forecasts 

made over twenty-one years. For 16 (~76%) of the twenty-one years, the LBMA-PMS 

participants correctly forecasted the gold price direction. Their forecasting 

performance was better for years when the gold price rose by more than 1% (13/14 

~92%) and worse for years when the gold price fell by more than 1% (3/7 ~43%). Of 

the actual LBMA-PMS forecasts, ~80% (316/397) correctly predicted the gold price 

increasing by more than 1%, with a lesser ~49% (73/148) correctly predicted the gold 

price decreasing by more than 1%. For the fourteen years when the market gold price 

increased by more than 1%, ~23 (~88%) out of the 26 LBMA-PMS participants 

predicted the market gold price direction correctly. Using the Condorcet Jury 
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Theorem, the probability of the LBMA-PMS participants reliably anticipating the 

market gold price direction was calculated (Mueller, 2003). For the seven years when 

the market gold price decreased by more than 1%, ~12 (~48%) out of the 25 LBMA-

PMS participants correctly predicted the market gold price direction. Using the 

Condorcet Jury Theorem, the probability of the LBMA-PMS participants reliably 

anticipating the market gold price direction was calculated at 50% (Mueller, 2003). In 

2013 when 18 (~78%) of the 23 LBMA-PMS participants had incorrectly predicted 

the gold price would increase by more than 1%, the calculated probability using the 

Condorcet Jury Theorem was 99.9% in favor of an increase, highlighting the 

possibility of incorrectly predicting the market gold price direction (Mueller, 2003). In 

2016 when 27 (~87%) of the 31 LBMA-PMS participants had incorrectly predicted 

the gold price decreased by more than 1%, the calculated probability using the 

Condorcet Jury Theorem was 100% in favor of a decrease, similarly reflecting the 

possibility of incorrectly predicting the market gold price direction (Mueller, 2003). 

(See Annexure G: LBMA-PMS Condorcet Jury Theorem probabilities). 

Based on the CM panel and the LBMA-PMS forecasts analyzed, the possibility of 

using the aggregated consensus lower or upper quartile depending on the market metal 

price direction showed better reliability than the other aggregated consensus estimates. 

The reliability of the lower and upper quartiles as aggregated consensus estimates 

indicates that they could prove more dependable than relying on a single forecaster. 

Despite the diversity in consensus forums, the possibility of groupthink may lead to 

inaccurate forecasts of future market metal price directions, reflected in significant 

probabilities calculated using the Condorcet Jury Theorem (Mueller, 2003). The 

possibility of using a Bayesian approach to estimate the prior probabilities of an 

expected outcome based on the past performance of the consensus panel participants 

may be a more reliable alternative than purely relying on the participants' forecasted 

metal price direction (Greenberg, 2012).  

Table 4-24 LBMA-PMS Conditional Probabilities summarizes the conditional 

probabilities for the LBMA-PMS forecasting data over the twenty-one years analyzed. 

The forecasts can be grouped into two categories. Firstly, the estimates made by the 

LBMA-PMS participants when the forecasted metal price direction and the actual 

market annual gold price direction coincided. Secondly, the forecasts made by the 

LBMA-PMS participants when the forecasted metal price direction and the market 
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annual average gold price direction were the opposite. The LBMA-PMS forecasts were 

made at the beginning of January each year, which allowed the estimates to be 

differentiated into years when the January gold price was more than 1% higher than 

the prior year's average and the converse of an increase of less than 1%. The LBMA-

PMS forecasts are tabulated in Table 4-24 into those when the January gold price was 

higher or lower than the prior year and the total forecasts made. In Table 4-24, 

quadrants 1, 5, and 9 reflected the probabilities when the LBMA-PMS participants 

forecasted an increase of more than 1% in the expected market gold. Their forecasts 

were later proven correct by the annual average gold price change. In Table 4-24, 

quadrants 4, 8, and 12 reflected the probabilities when the LBMA-PMS participants 

forecasted an increase of less than 1% in the expected market gold. Their forecasts 

were later proven correct by the annual average gold price change.  

In Table 4-24, quadrants 3, 7, and 11 reflected the probabilities when the LBMA-

PMS participants forecasted an increase of more than 1% in the expected market gold. 

Their forecasts were later proven incorrect by the annual average gold price change. 

In Table 4-24, quadrants 2, 6, and 10 reflected the probabilities when the LBMA-PMS 

participants forecasted an increase of less than 1% in the expected market gold. Their 

forecasts were later proven incorrect by the annual average gold price change. The 

shaded quadrants (Table 4-24; Quadrants 1,4,5,8,9,12) were the probabilities when the 

LBMA-PMS participants were correct in their forecasted predictions. From a 

forecasting reliability perspective, the rest of the unshaded quadrants (Table 4-24; 

Quadrants 2,3,6,7,10,11) represent the challenge in selecting a reliable aggregated 

consensus estimate. 

Table 4-24 LBMA-PMS Conditional Probabilities 

LBMA Gold 

Forecasts 

Probabilities 

1st Week January 

increase >1% 

1st Week January increase 

<1% 
All Forecasts Combined 

Market gold 

price 

direction 

Year 

Average 

increase 

>1% 

Year 

Average 

increase 

<1%  

Year 

Average 

increase 

>1% 

Year 

Average 

increase <1%  

Year 

Average 

increase 

>1% 

Year 

Average 

increase <1%  

Forecast 

increase 

>1% 

1  3  5  7  9  11  

12 years 2018  2009  2000/13 13 years 2000/13/18 

93.4% 6.6% 24.1% 75.9% 79.6% 20.4% 

Forecast 

increase 

<1% 

2  4  6  8  10  12  

No 

specific 

No 

specific 
2016  2001/14/15/17 2016  2001/14/15/17 

83.3% 16.7% 27.7% 72.3% 34.5% 65.5% 
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By differentiating the forecasts according to the January gold price direction, the 

conditional probabilities for the correct estimates can be improved, as seen in Table 

4-24, quadrant 1 versus 9 and quadrant 8 versus 12. The probability of the average 

annual gold price direction mirroring the first week of January gold price direction was 

~86% for the twenty-one years of LBMA-PMS data analyzed. Following the January 

price direction would have resulted in only 2016 being correctly forecasted as 

declining when the later market price increased by more than 1%, a more reliable 

outcome than the 4 incorrect forecasted gold price directions of the LBMA-PMS 

participants. 

The average copper and gold forecasts per forecasting period for the CM panel 

were 15 and 12, respectively. The LBMA-PMS averaged 26 participants annually over 

the twenty-one years analyzed. Achieving a reliable aggregated consensus estimate did 

not require a substantial number of participants compared to the many industry 

forecasters. A core number of participants (e.g., 12) and a similar number of less 

frequent contributors ensure a diversity of opinions to achieve a reliable aggregated 

consensus estimate (Armstrong, 2008; Batchelor and Dua, 1995). The number of 

participants is influenced by the reciprocity for making forecasts (Fisher et al., 2012; 

Rijshouwer, 2019; Ury, 2013). If the forecasting process includes cyclical revisions 

and transparency of participants' estimates, it also affects the number of participants 

(Armstrong, 2001a; Brannick and Coghlan, 2014; Rowe and Wright, 1999; Rowe and 

Wright, 2011). A crucial element in achieving reliability from an aggregated consensus 

approach is correctly predicting the future market metal direction (Greenberg, 2012). 

The aggregated lower or upper-quartile consensus estimates consistently achieved 

low APE and Theil U(II) Index values in the CM panel and LBMA-PMS data. The 

results support the possibility of using either the lower or upper quartile as a reliable 

metal price forecast (Armstrong, 2008; Batchelor and Dua, 1995). The longer time 

horizon of the LBMA-PMS data, which covered periods of falling and rising gold 

prices, shows the need for a selection rule depending on the anticipated metal price 

direction. The aggregated consensus lower quartile is likely the most reliable metal 

price estimate for a neutral or declining metal price environment. The aggregated 

consensus upper quartile will likely be the most reliable estimate for a rising metal 

price environment. Null Hypothesis 1 – Alternative 2 advocating the selection rule 
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Q1/Q3 based on the expected market metal price direction is accepted as a reliable 

alternative metal price forecast. 

Hypothesis 2 

Repetitive forecasting cycles will improve the reliability of metal price forecasts 

made by an individual expert. 

Hypothesis 2 Conclusion 

For the CM panel forecasts made, ~71% of the copper and ~66% of the gold of the 

participants made more than one forecast in the seven forecasting periods (Table 4-9 

CM panel Cyclical Forecasts - Copper and Gold). The accuracy gains for the 

successive rounds of estimates for the CM panel copper participants outstripped the 

worsening forecasts by ~4 times. The comparable accuracy improvement for the CM 

panel gold participants was ~2 times. For the LBMA-PMS, ~62% of the participants 

participated for over a year (Table 4-10 LBMA-PMS Analysts’ Participation 

Summary). The average APE for the participants who only took part for one year was 

~9.2%. At the opposite end of the participating rate, the participants who took part for 

eighteen or more years had an average APE of ~7.5%. The overall correlation between 

participation and APE was ~70%, reflecting an improvement for recursive 

participation, mirroring the lower APE for participants with multiple years of taking 

part compared to those who took part for only one year.  

The Mann-Kendall statistic tabulated in Table 4-18 LBMA-PMS Gold Analysts’ 

Forecasting Reliability for the LBMA-PMS past top analysts shows some consistency 

with increasing participation, with a negative correlation of ~31%. As participation 

increases, the extent of deviation from the median diminishes. The decreasing trend of 

APE and Theil U(II) Index with participation is also evident in Table 4-18. The trend 

is for the analyst’s APE to decline with participation and rise again before declining 

again (Figure 4-6). Why the APE declines, rises, and declines again is possibly linked 

to the reciprocity observed by Wikipedia (Rijshouwer, 2019). The pressure to perform 

well or face growing criticism consistently is a form of negative reciprocity (Fisher et 

al., 2012; Ury, 2013). From a reliability perspective, the implication would be to 

combine numerous metal price forecasts. The need for diversity that comes from 

having participants with varying levels of historical participation is recommended 

(Armstong, 2008; Batchelor and Dua; Hong and Page, 2012). 
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Figure 4-6 LBMA-PMS Analyst Participation versus average APE achieved 

The inference drawn from the CM panel and LBMA-PMS forecasting forums, with 

repetitive participating learning occurs, both within the process through seeing how 

other participants formulate their forecasts or from the process through developing and 

understanding the basis for making future predictions (Argyris, 1977, Argyris et al., 

1985, Brannick and Coghlan, 2014). The action of forecasting and the reflection on 

the action of predicting can lead to a better understanding of the dynamics of making 

predictions and a grasp of the influencing market factors that affect future metal prices. 

Based on the quantitative analysis, diversity of participation added robustness to the 

aggregated consensus estimates, which surfaced reliable aggregated consensus 

estimates, subject to the limitation of correctly predicting the future market metal price 

direction (Armstrong, 2008; Batchelor and Dua, 1995; Hong and Page, 2012). 

Hypothesis 2, advocating reliance on an individual expert to make reliable metal price 

forecasts consistently, is rejected. Despite the evident improvement for participants 

with the most years of participation, the varying trend of forecasting accuracy cannot 

be reliably known beforehand. 

Null Hypothesis 2 - Alternative 1 

Using a collective decision-making approach to forecast metal prices will yield a 

reliable result. 

Null Hypothesis 2 - Alternative 1 Conclusion 

With its collective participation in a cooperative inquiry, the CM panel AR project 

had similarities to a Delphi Method (Table 3-5 Approach Comparison of CM panel, 

Delphi Method, and LBMA-PMS). The CM panel cooperative inquiry differed most 
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significantly from the Delphi Method in allowing and encouraging direct and 

transparent interactions between the participants (Brannick and Coghlan, 2014; Heron 

and Reason, 2008; Pedler, 2012; Wright and Rowe, 1999). The moderator acted as a 

referee, ensuring participants showed consideration and respect towards each other in 

their interactions. The moderator's role of aggregating opinions and providing 

participant feedback was eliminated. The CM panel structure continually allowed 

observable interactions and the automated aggregation of the emerging consensus 

average by all participants. On balance, the CM panel showed the possibility of using 

a cooperative inquiry approach for collecting and aggregating consensus estimates 

(Brannick and Coghlan, 2014; Heron and Reason, 2008; Hong and Page, 2012).  

The CM panel participants did not use the opportunity despite the ability to reflect 

and comment on their peers' metal price forecasts. In an ad hoc verbal discussion with 

some of the CM panel participants, they commented on the estimates of others but saw 

no need to do so formally within the CM panel forum. If the moderator role on the CM 

panel had been more interactive, as in a Delphi Method, the participants would have 

felt compelled to respond to the feedback provided by the moderator (Rowe and 

Wright, 1999). The forecasters implied they had an intuitive feel for future metal prices 

and saw no need to be influenced by the opinion of other participants, focusing instead 

on exogenous metal market events and emerging metal price trends. The implication 

is the CM panel participants have a mental model they rely on to make their forecasts, 

which is not swayed by sources other than those they consider authoritative 

(Drummond, 2001; Hong and Page, 2012; Rowe and Wright, 2011). The motivation 

to make revised forecasts was also driven by the competitive nature of the forecasters 

to be ranked top or higher than most other participants (Fisher et al., 2012; Rijshouwer, 

2019; Ury, 2013). The benefit of the cooperative inquiry structure was in the ongoing 

participation, which aided in the emergence of more reliable aggregated consensus 

estimates. The cooperative inquiry proved the possibility of using the approach in the 

workplace to surface reliable aggregated consensus estimates of future metal prices 

collectively from a group (Armstrong, 2001a; Batchelor and Dua, 1995; Heron and 

Reason, 2008). 

For the LBMA-PMS, the top participants' performance is published at the 

beginning of the following year, just before the next LBMA-PMS. The published 

review focuses on the relative accuracy of the top participants rather than the 
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aggregated consensus estimates of all the metal price forecasts submitted. The peer 

and industry recognition given to the LBMA-PMS participants potentially encourages 

and discourages participation by publicly displaying the relative performance of the 

participants (Fisher et al., 2012; Rijshouwer, 2019; Ury, 2013). The ~38% (~9% of 

forecasts made) of the participants only took part for one year. Or ~63% (~22% of 

forecasts submitted) who took part for three years or less may have been discouraged 

by the public scrutiny of their specific forecasting performance (Table 4-10 LBMA-

PMS Analysts’ Participation Summary). At the other end of the participation spectrum, 

15 (~12%) participants had taken part for ten or more years and accounted for 225 

(~41%) of the 545 forecasts, encouraged by LBMA-PMS's public recognition. As the 

quantitative analysis showed, aggregated consensus estimates offer workable 

alternative metal price forecasts, made possible by both the short-duration and 

longstanding participation of the LBMA-PMS forecasters making metal price 

forecasts (Table 4-14 LBMA-PMS Aggregated Consensus Estimates Reliability). The 

LBMA-PMS aggregated consensus estimates reinforced that both the collective 

outcome and the individual competitive involvement contributed to the possibility of 

using a collective approach for forecasting metal prices reliably (Armstrong, 2001a, 

Batchelor and Dau, 1995; Coghlan and Brannick, 2014; Heron and Reason, 2008; 

Hong and Page, 2012).  

For the CM panel, the impetus to revise forecasts was driven more by exogenous 

market dynamics. Still, the outcome was participants made recursive forecasts that led 

to more reliability of the aggregated consensus estimates than the estimates of the 

individual participants (Table 4-3 CM panel - Copper Consensus Estimates 

Reliability; Table 4-6 CM panel – Gold Consensus Estimates Reliability). Participation 

in the cooperative inquiry yielded an outcome without the need to compel participants 

to interact collectively in making a decision (Brannick and Coghlan, 2014; Heron and 

Reason, 2008). The crucial elements were access to the participation forum and 

independently identifying a reliable aggregation method (Figure 2-1 Collective 

Decision-Making Classification). The viability of the collective decision-making 

approach of the CM panel approach for aggregating metal price consensus estimates 

was confirmed by pooling the LBMA-PMS data and comparing the reliability against 

the individual participants. Null Hypothesis 2 – Alternative 1 advocating reliance on a 
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collective decision-making approach to collect and aggregate metal price forecasts and 

identify a reliable aggregated consensus estimate is accepted.  

Null Hypothesis 2 - Alternative 2 

Over repetitive cycles of forecasting metal prices, alternative aggregated consensus 

estimates will prove more reliable than the median or a specific expert. 

Null Hypothesis 2 - Alternative 2 Conclusion 

The CM panel based on the copper and gold forecasts submitted, the aggregated 

consensus upper quartile and lower quartile respectively yielded more reliable 

predictions than the other aggregated consensus estimates (Table 4-3 CM panel - 

Copper Consensus Estimates Reliability; Table 4-6 CM panel – Gold Consensus 

Estimates Reliability). For the twenty-one years (2000-2020) of LBMA-PMS data 

analyzed, the quantitative results identified the aggregated consensus lower quartile as 

the most reliable forecast for neutral or declining metal price environments. 

Conversely, for a rising metal price environment, the aggregated consensus upper 

quartile was identified as a reliable forecast (Table 4-14 LBMA-PMS Aggregated 

Consensus Estimates Reliability). The lower or upper quartile selection was proposed 

as a forecasting rule, subject to the proviso of correctly predicting the future market 

metal price (Table 4-16 LBMA-PMS Gold Aggregated Consensus Estimates Selection 

Errors).  

The reliability of combing collective forecasts to yield a reliable result is identified 

by Armstrong (2001a), Batchelor and Dua (1995), Galton (1907a), Surowiecki (2004), 

and Tetlock and Gardner (2016). An extension of the value of combining collective 

estimates is provided by Hong and Page (2012) in their explanation of how the 

diversity of mental models for interpreting data leads to more reliable outcomes. An 

assumption underlying the collective decision-making recommendations of the 

preceding authors is some implicit understanding of the participants' forecasting 

method and capability. The expectation of necessary expertise is reflected in 

Aristotle’s view that deliberating decisions is best left to those more capable of 

understanding the decision's implications, ‘the wise man rule’ (Flyvbjerg et al., 2014).  

The focus in collective decision-making is on access and why and which 

participants should be allowed to participate (Sunstein, 2006; Rowe and Wright, 1999). 

The democracy of participation supersedes the process of the aggregation of the 
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outcome. Galton (1907a) advocated the median, as it equally split the views above and 

below the statistical midpoint. The support for the median is made by Levy and Peart 

(2002), while the preference of Hong and Page (2012) see the average as more reliable 

as it more equally balances the forecasting errors on either side of the central point. A 

limitation of either the median or average as the most reliable estimate of future metal 

prices is market metal prices are directional. Asking a group to guess the weight of an 

ox does not allow for the possibility of a zero or negative outcome. Market prices, by 

contrast, can remain unchanged, decrease, or increase. Hayek (1945) recognized the 

potential of market prices moving in multiple directions, as the participants with 

situation-specific insights acted according to their views. Surowiecki (2004) 

differentiates collective decisions to be made as either “cognition,” a definitive 

outcome; or “coordination,” to achieve a common objective; or “cooperation,” to 

balance conflicting interests. Forecasting metal prices do not fall into one of the three 

categories identified by Surowiecki. The forecaster is making a judgmental prediction, 

which cannot be expected to determine the future market metal price and does not 

require either the coordination or cooperation of other forecasters to be made. 

The quantitative results from the CM panel and LBMA-PMS forecasting forums 

point to the possibility of using a collaborative approach for surfacing aggregated 

consensus estimates, which are reliable when the market direction is correctly 

anticipated (Ahlburg, 1984; Armstrong, 2001a; Bliemel, 1973; Hyndman and Koehler, 

2006; Koutsoyiannis, 1977). The aggregated consensus estimates achieved reliability 

without specific recursive action, reflection, and action cycles by both the participants 

of the CM panel and LBMA-PMS. Making judgmental metal price forecasts appears 

to be an internal rather than external reflective practice, implying the aggregation of 

the participants' forecasts is paramount for a more reliable outcome than the ability to 

observe the opinions and forecasting processes of other forecasters (Hayek, 1945). The 

implication is that the participation structure that allows access is crucial to the 

viability of a collective approach (Badaracco,1992; Goodpaster, 1991). The need to be 

democratic and use an aggregation method that balances the opinions of those involved 

in making the predictions sees the aggregated consensus outcome as a “common good” 

when the aggregated consensus outcome is a derivation of the collective actions of 

those involved, without detracting from their personal views (Ostrom, 1973). 
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Null Hypothesis 2 – Alternative 2 advocating reliance on a collective decision-

making approach to collect and aggregate make reliable judgmental metal price 

forecasts is accepted. The consistent reliability of aggregated consensus estimates, 

capturing the diversity of views of the participants without having to draw an inference 

about their capabilities, makes a cooperative inquiry approach viable for forecasting 

metal prices. 

Hypothesis 3:  

In making metal price forecasts, forecasters have a consistent expectation and 

explanation of the future metal price outcome. 

Hypothesis 3 Conclusion  

The qualitative analysis of the CM panel copper forecast explanations showed a 

negative correlation of circa 31% for both the word count and the number of 

justifications used to support the forecasts made and the rank based on an ascending 

APE (Table 4-8 CM panel Keyword Summary). The qualitative analysis showed a 

negative correlation of around 39% for the CM panel gold forecast explanations (Table 

4-8 CM panel Keyword Summary). The implication from the qualitative analysis 

shows a weak relationship between forecast reliability and forecast accuracy, 

supporting the expectations of Armstrong (2001a) and Hyndman and Koehler (2006) 

for forecasting reliability. The use of keywords by the copper and gold participants in 

their respective CM panel justifications was high, with approximately 80% of the main 

occurrences accounted for by 5 keywords (Bazerman and Moore, 2008; Drummond, 

2001). The commonality in the keyword occurrences of the CM panel participants 

shows a similar belief amongst participants of the influencing factors for the metal 

prices rather than a wide diversity of opinions (Janis, 1973). 

For the LBMA-PMS qualitative analysis, the correlation between the aggregated 

consensus median APE was low for keyword occurrences (~12%), word count 

(~11%), and the number of participants (~8%), showing a marginal relationship 

between the justifications and forecasting accuracy. When the LBMA-PMS keywords 

were analyzed according to the World Gold Council (Gold, 2021) factors, the 

correlations from some groups improved, but not all, similarly pointing to the 

possibility of a low association between explanations and forecasting accuracy. The 

narrower choice of keywords based on the collocates helped to improve the correlation 
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with the aggregated consensus median marginally but not significantly to support the 

possibility of a relationship between requiring justifications and forecasting accuracy 

(Armstrong, 2001a; Hyndman and Koehler, 2006). It is also possible the high 

correlation year-on-year between the LBMA-PMS explanations might reflect a rote 

explanation approach, accounting for the weak correlation (Bazerman and Moore, 

2008; Drummond, 2001; Janis, 1973). The pooling of the LBMA-PMS justifications 

could have resulted in the explanations of the more correct forecasters being obscured 

by the other forecasters' diverse opinions. It would require further research to verify 

the possibility. 

The qualitative correlation results for the CM panel and LBMA-PMS are not 

comparable. The LBMA-PMS keyword analysis was done collectively for all 

participants, compared to the CM panel participants individually. However, given the 

relative consistency of the LBMA-PMS aggregated consensus estimates forecasting 

performance accuracy of around ~7%, the diverse insights were expected to reflect a 

correlation comparable to the CM panel correlation results (Table 4-10 LBMA-PMS 

Analysts’ Participation Summary). A fundamental difference was that the CM panel 

approach had transparency in the explanations made and allowed participants to make 

recursive forecasts. Further research would be needed to verify if the different methods 

accounted for the difference.  

The consistency in the keyword usage among participants, the significant 

correlation between succeeding years, and the low correlation with forecasting 

accuracy make the possibility that participants make quantitative forecasts more 

reliably than the justifications they supply, which are more intuitive than supportive of 

their judgmental forecasts. Further research would be needed to test the difference 

between requiring and not requiring explanations and forecasting accuracy to assess 

the importance of making metal price forecasts. Hypothesis 3, advocating consistency 

between forecasting reliability and requiring justifications, is rejected. The 

inconsistency of the forecasting accuracy as measured by the APE and keyword 

frequency indicated the possibility of an intuitive judgmental forecast justified by 

explanations expected by users of the estimates (Bazerman and Moore, 2008; 

Drummond, 2001). 

Null Hypothesis 3 - Alternative 1 
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Metal price forecasters focus more on the quantitative rather than the qualitative 

element of their predictions. 

Null Hypothesis 3 - Alternative 1 Conclusion 

The CM panel copper and gold participants did not correctly predict the direction 

of the metal price, with more distant forecasts more prone to error (Table 4-3 CM panel 

- Copper Consensus Estimates Reliability; Table 4-6 CM panel – Gold Consensus 

Estimates Reliability). The correlation between the forecast accuracy and justifications 

averaged in the ~30% range for copper and gold (Table 4-8 CM panel Keyword 

Summary). The divergence between the forecasted metal price direction and the 

justification correlations shows that the benefit of considering the shared insights is 

insignificant in selecting a particular forecaster as a reliable metal price predictor 

(Bazerman and Moore, 2008; Drummond, 2001).  

The low correlation for the overall LBMA-PMS justifications classified according 

to the World Gold Council (Gold, 2021) categories indicated limited value in 

considering the qualitative analysis of explanations provided as an indicator for 

selecting an aggregated consensus estimate (Table 4-22 LBMA-PMS World Gold 

Council Keyword Correlations). As it cannot be known beforehand which individual 

forecasting participant would be the most accurate, analyzing the participant’s 

explanations may be of limited benefit in selecting a specific forecaster’s prediction 

(Armstrong, 2001a; Batchelor and Dua, 1995). 

The better reliability of the aggregated consensus lower or upper quartiles, when 

considering the market metal price direction, would imply that the outlying forecasters 

from the center towards the lower and upper limits, the outliers, are more likely to be 

correct. The herding observed in forecasting and the prevalence of groupthink supports 

the importance of focusing on the outliers (De Bondt and Forbes, 1999; Rülke, 2016; 

Trueman, 1994; Welch, 2000). It may be that the opinions expressed by the less 

reliable forecasters, the outliers, could offer insights into more reliable forecasts. 

However, the significant conformity in the justifications shows that the outliers do not 

express their views well or are not considered well enough by the other forecasters for 

their comments to become mainstream. Consequently, it would be more informative 

to use a quantitative approach to find a possible, reliable aggregated consensus 

estimate and then consider their justifications' qualitative merits. 
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The merits of either the aggregated consensus lower or upper quartiles as reliable 

estimates of the predicted market gold price suggest the LBMA-PMS justifications 

should be similarly stratified to test the level of coherence with the relevant aggregated 

consensus estimates. Without analyzing the LBMA-PMS justifications according to 

the quartile in which the matching forecast fell, it is impossible to confirm or discard 

the possibility that the participants' explanations offered any insight into the choice of 

the best-aggregated consensus estimate. The aggregated median and average offered 

limited reliability. The lack of correlation with the justifications showed the aggregated 

average keyword occurrences were less valuable for informing the aggregated 

consensus median's reliability. 

Null Hypothesis 3 – Alternative 1, advocating more reliance on the quantitative 

instead of the qualitative elements of metal price forecasters’ predictions, is accepted. 

The low correlation between keyword occurrences and forecasting reliability 

measured by the APE over multiple periods indicates an inconsistency between the 

quantitative and qualitative elements of metal price forecasts. A possible explanation 

is using typical explanations expected by users of metal price forecasts instead of more 

reflective opinions (Argyris, 1977; Argyris et al., 1985).  

Null Hypothesis 3 - Alternative 2 

Metal price forecasters focus on similar exogenous factors when making forecasts 

and supporting justifications. 

Null Hypothesis 3 - Alternative 2 Conclusion  

The number of CM panel forecasts per period (average copper 15 and gold 12) 

combined with no justifications provided in some instances (copper ~20% and gold 

~23%) influenced the participants' ability to assess the coherence explanations fully. 

A sign of the CM panel coherence for the copper and gold participants could be 

deduced, with 5 of the 11 most frequent keywords accounting for ~80% of the primary 

keyword occurrences recorded (Table 4-8 CM panel Keyword Summary). The 

correlation between the CM panel copper and the gold keyword rankings was ~64%, 

showing that participants used similar keywords in their explanations in successive 

forecasting periods. The possibility of bias in the coherence of participants’ 

expectations was noticeable in the conformity of their forecasted metal price 

directions, reflected in the calculated Condorcet Jury Theorem probabilities (Mueller, 



179 

2003). Combining the shared forecasted metal price directions and common usage of 

keywords could show a groupthink bias amongst the forecasters linked to their shared 

interest in the metal markets (Janis, 1973). Further research comparing the typical 

views with those of the participants falling in the lower or upper quartiles would need 

to be undertaken to confirm a general bias by comparing their explanations for 

different keyword frequencies. 

The low correlation between the keywords and aggregated consensus median APE 

(~12%) for the LBMA-PMS would imply a low coherence with the forecasting 

reliability (Table 4-22 LBMA-PMS World Gold Council Keyword Correlations). The 

year-on-year average correlation of ~83% for the LMBA-PMS participants' reuse of 

keywords in consecutive years reflects a strong consistency in the participants' 

perceptions of the gold market (Bazerman and Moore, 2008; Drummond, 2001; Janis, 

1973). However, given the low correlation between the forecasting reliability, 

keyword occurrences, and repetitive use of keywords over successive years, it does 

not necessarily support a reliable association. The herding seen in the forecasting 

behavior of the LBMA-PMS participants, as reflected in the significant Condorcet Jury 

Theorem probabilities, indicated the quantitative expectations of the forecasters were 

frequently similar, which is also reflected in the continued use of similar keywords 

(De Bondt and Forbes, 1999; Rülke, 2016; Trueman, 1994; Welch, 2000).  

The significant cross-correlations between the key factors identified by the World 

Gold Council (Gold, 21) based on the frequencies of occurrences indicates the 

consistency of use in the explanations provided by the LBMA-PMS analysts (Table 

4-22 LBMA-PMS World Gold Council Keyword Correlations). The ten keywords 

listed in Table 4-23 LBMA-PMS World Gold Council Main Keyword Collocates that 

accounted for around 60% of all the keywords identified indicate a significant overlap 

in the explanations provided by the LBMA-PMS analysts. Null Hypothesis 3 – 

Alternative 2 advocating forecasters focus on similar explanations for their differing 

metal price forecasts is accepted. The significant correlation between keyword 

occurrences over successive years and a select few keywords representing most of the 

occurrences point to a consistency in the explanations provided by forecasters 

(Bazerman and Moore, 2008; Drummond, 2001; Janis, 1973). The herding in 

explanations goes contrary to the expectations of Hong and Page (2012) that 

forecasters use different mental models. 
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4.9. Conclusion: Results and Findings  

The AR project, structured as a cooperative inquiry, evaluated the possibility of 

using a collective decision-making approach to improve metal price forecasts' 

reliability. The hypotheses analyzed focused on the reliability of an individual expert 

compared to the different aggregated consensus estimates. The importance of requiring 

forecasters to justify their quantitative forecasts was analyzed to assess if the 

requirement improved the metal price forecasts' reliability.  

Table 4-25 Research Hypotheses Findings 

Hypothesis Result 

Hypothesis 1  

The aggregated consensus median will be the most reliable metal price 

forecast over multiple periods, capturing the diversity of estimates 

around the statistical midpoint. 

Rejected 

Null Hypothesis 1 - Alternative 1 

An individual expert can reliably forecast metal prices over multiple 

periods more than the aggregated consensus median. 

Rejected 

Null Hypothesis 1 - Alternative 2 

As alternative aggregated consensus estimates, the lower and upper 

quartiles can be used as more reliable metal price forecasts than the 

aggregated consensus median or specific experts’ forecasts. 

Accepted 

Hypothesis 2 

Repetitive forecasting cycles will improve the reliability of metal price 

forecasts made by an individual expert. 

Rejected 

Null Hypothesis 2 - Alternative 1 

Using a collective decision-making approach to forecast metal prices 

will yield a reliable result. 

Accepted 

Null Hypothesis 2 - Alternative 2 

Over repetitive cycles of forecasting metal prices, alternative 

aggregated consensus estimates will prove more reliable than the 

median or a specific expert. 

Accepted 

Hypothesis 3:  

In making metal price forecasts, forecasters have a consistent 

expectation and explanation of the future metal price outcome. 

Rejected 

Null Hypothesis 3 - Alternative 1 

Metal price forecasters focus more on the quantitative rather than the 

qualitative element of their predictions. 

Accepted 

Null Hypothesis 3 - Alternative 2 

Metal price forecasters focus on similar exogenous factors when 

making forecasts and supporting justifications. 

Accepted 

 The learning outcome from the AR project as it pertains to the possibility of using a 

cooperative inquiry approach for forecasting metal prices in the workplace were: 
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• The most significant bias to consider is not the possible anchoring by participants 

on current metal price levels or trends but the phenomenon of industry participants 

holding a common expectation about the future metal price direction (Bazerman 

and Moore, 2008; Drummond, 2001; Janis, 1973). The possibility of participants 

gravitating toward an incorrect outcome is discussed by Ackerman and Fishkin 

(2005) and Sunstein (2006), with the probability of the wrong outcome occurring 

reflected in the Condorcet Jury Theorem (Baker, 1976; Mueller, 2003). The 

herding phenomenon is noted as a common occurrence among analysts in financial 

markets (De Bondt and Forbes, 1999; Rülke, 2016; Trueman, 1994; Welch, 2000). 

• Metal prices are dynamic, and allowing participants to make cyclical forecasts can 

improve the forecasted consensus estimate’s reliability over time (Argyris, 1977; 

Argyris et al., 1985). Making a forecast, reflecting on the newly emerging 

information, and taking the opportunity to make a revised forecast mirrors the 

recursive interactions action learning (Brannick and Coghlan, 2014; Coghlan, 

2007). 

• Asking participants to explain their metal price forecast does not necessarily 

improve the reliability of the estimates provided (Argyris, 1977; Bazerman and 

Moore, 2008; Drummond, 2001). The expectation that justifying an opinion will 

improve reliability was not evident (Armstrong, 2001a; Hyndman and Koehler, 

2006). If what is being judged is the quantitative result, that is more likely to be 

well considered. 

• The consensus average and median are less reliable as aggregated consensus 

estimates than the lower and upper quartile, depending on the future market 

direction of the forecasted metal prices. The distribution of forecasting errors 

around either the average or median is equally distributed when the nature of the 

forecast is judgmental, as expected (Galton, 1907a; Hong and Page, 2012; Levy 

and Peart, 2002).  

• Participation in the cooperative inquiry by metal price forecasting participants 

allows a reliable consensus estimate to surface (Heron and Reason, 2008; Rowe 

and Wright, 2011). A balance of shorter-duration and longer-duration forecast 

contributions is a workable approach, allowing for the reciprocity expected by 

participants to continue participating (Fisher et al., 2012; Rijshouwer, 2019; Ury, 

2013). 
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Further aspects that could be included in the list of lessons learned from the 

cooperative inquiry and should be considered in the implementation in practice are: 

• The CM panel approach used a probability distribution to collect the metal price 

forecasts instead of a single-point estimate. The metal price probability distribution 

made it possible to evaluate the trend in the metal price forecasts and the relative 

contribution to the aggregated consensus average (Armstrong, 2001a; Greenberg, 

2012; Hyndman and Koehler, 2006). The LBMA-PMS required that participants 

supply an expected Low and High for the forecasted year. Taking the average of 

the Low and High values provided a second forecast estimate for the LBMA-PMS. 

The comparative accuracy measures for all the aggregated consensus estimates 

were lower than for the actual forecasts (See Annexure H: LBMA-PMS gold high-

low aggregated consensus estimates). 

• The explanations for both the CM panel and LBMA-PMS forecasting forums 

showed a high degree of consistency in the occurrences of the keywords 

(Bazerman and Moore, 2008; Drummond, 2001; Janis, 1973). Combined with the 

low correlation between the keywords and the forecast accuracy, it indicates a 

possible standard response to the justifications provided (Argyris, 1977; Argyris et 

al., 1985). From a consistency perspective, if the keywords are grouped, and the 

participants are asked to give a weighted influence percentage, be it negative or 

positive, such that the absolute total sums to 100%, the participants' collective 

expectations could be collated and analyzed more accurately (Armstrong 2001a; 

Hyndman and Koehler, 2006). 

• The most crucial aspect of finding the most reliable aggregated consensus estimate 

is the accuracy of the forecasted metal price direction (Greenberg, 2012; Mueller, 

2003). If the participants provide an explanation, it should focus primarily on this 

crucial issue. The reliability of the consensus approach rests on correctly 

anticipating the market metal price direction. Asking participants to justify their 

specific expectations may lessen the similar predicted market metal price direction 

seen in the analyzed CM panel and LBMA-PMS data (Argyris, 1977; Gioia and 

Chittipeddi, 1991; Weick, 1988). 

• For a sustainable consensus panel to gather the metal price forecasts and calculate 

the most reliable aggregated consensus estimate, participants with a suitable skill 

set and willingness to participate are required (Batchelor and Dua, 1995; Hong and 
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Page, 2012; Tetlock and Gardner, 2016). The attrition rate amongst the CM panel 

and the LBMA-PMS participants requires a strategy to balance ongoing 

contributions from short-term and long-term participants. The act of participation 

was identified as being linked to reciprocity, peer recognition within the 

forecasting forum, and industry recognition for being part of the forecasting forum. 

Gaining and keeping participation requires reciprocity, particularly recognition 

(Fisher et al., 2012; Rijshouwer, 2019; Ury, 2013). The aspects underlying 

recognition would appear to be appreciated for participating, the opportunity to 

compete with peers, and acknowledgment for accurate forecasting. The importance 

of collective participation to surface reliable aggregated consensus estimates 

requires giving specific recognition for contributing instead of focusing on the 

most accurate forecaster. It requires a balance between the need for a group to 

aggregate their forecasts and the recognition of being the best to encourage 

accurate forecasts that foster a more reliable aggregated consensus estimate 

(Badaracco, 1992; Ostrom, 1988). 

The CM panel used online communication technology, which allowed 

asynchronous interaction and complete visibility of the emerging aggregated 

consensus average. It enabled the participation of 23 participants from 6 different 

world regions, 7 different workplaces, 5 different professional backgrounds, 6 

different forecasting approaches, and ranging in age from mid-thirties to mid-

seventies. The CM panel cooperative inquiry achieved the aims of a pilot AR project 

of showing the possibility of the approach as a workable alternative metal price 

forecasting practice in the workplace. The method could be sustainable with more time 

and greater recognition for participation. The reliability of the cooperative inquiry 

approach used for the CM panel could potentially be improved through some 

suggested changes (Heron and Reason, 2008; Rowe and Wright, 2011): 

• Include an input section for the 5 or 6 main keyword groups found and ask the 

participants to assign a negative or positive percentage influence it will have on 

the metal price in the forecasting period. 

• Include a table that summarizes the keyword group expectations of the participants 

and the indicated metal price direction it implies to act as a feedback loop for the 

quantitative metal price forecasts. 
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• Have only one section to justify the metal price forecasts, comment on the 

emerging aggregated consensus estimates, and comment on the estimates of the 

other participants. 

• Include the aggregated consensus lower and upper quartiles in the reported 

emerging metal price tables and graphs. 

• Investigate the possibility of making participation more public, such that the 

participants can get recognition for their contribution (Fisher et al., 2012; 

Rijshouwer, 2019; Ury, 2013). 

The suggested improvements are doable; however, how the last suggestion of 

recognition is tackled is crucial. The approach should ideally have the support of a 

leading industry organization to be sustainable. 

The cooperative inquiry was structured to collect and aggregate metal price 

forecasts, an inherently complex activity prone to herding by forecasters (De Bondt 

and Forbes, 1999; Rülke, 2016; Trueman, 1994; Welch, 2000). A potential panacea 

for this organizational problem lies in collaborating and aggregating the collective 

contributions to surface reliable aggregated consensus estimates. The CM panel 

cooperative inquiry found elements that could lead to more reliable organizational 

metal price forecasts and how such an approach could be structured to improve the 

outcome (Heron and Reason, 2008; Rowe and Wright, 2011). 
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CHAPTER FIVE – SUMMARY, CONCLUSION, AND FUTURE RESEARCH 

5. Summary And Conclusion 

The cooperative inquiry discussed in this doctoral thesis was influenced by the 

consequences of unreliably forecasted metal prices, a problem experienced in the 

workplace of mining organizations. As a critical planning metric in natural resource 

organizations and a significant driver of operating performance, the expectation would 

be that responsible organizational executives and stakeholders would use those 

resources that could consistently ensure reliable metal price forecasts over multiple 

years. A resource used by some industry practitioners is to obtain several forecasts 

from research organizations that supply consensus metal price forecasts or from the 

research departments of financial institutions that collate consensus metal price 

forecasts for their clients. Despite the availability of consensus metal price forecasts, 

industry experts have not fully embraced their use as a solution for forecasting metal 

prices reliably. The standard practice is to use either the consensus average or median 

as the most reliable aggregated consensus estimate to avoid the possibility of biased 

outliers. The AR project found that for judgmental forecasts such as metal prices, 

either the aggregated consensus lower or upper quartiles were the most reliable 

forecasted metal price estimates depending on the direction of the market metal prices. 

5.1. Summary  

Collective decision-making has origins dating back to the 4th Century BC and 

growing significance in the 21st Century with the advances in internet technology. 

Aristotle (Aristotle and Everson, 1988) advocated the idea of deliberation to reach a 

consensus outcome that included the opinions of those best placed to understand and 

solve the problem. The move towards more collaborative business practices that 

embraced deliberation was bolstered by Ackerman and Fishkin (2002) and Sunstein 

(2006). The growing usage of the internet as a resource for collaboration facilitated the 

growth of organizations such as Wikipedia, which permitted numerous contributors to 

work collectively on a project (Brabham, 2013; Wales, 2004). Sunstein (2006) focused 

on the importance of deliberation in shared activities and how collective efforts could 

achieve more than an individual alone. Tetlock and Garder (2016) explored how the 

shared insights of a “crowd” could surface a reliable outcome based on their collective 

interactions. The collective decision-making approach is based on the expectation that 
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diversity will improve the reliability of the result by incorporating different insights 

into one aggregated consensus estimate (Hong and Page, 2012). 

Sir Galton (1907a) approached achieving the consensus outcomes by taking the 

median of all participating in the process. Condorcet (Baker, 1976; Mueller, 2003) and 

the law of averages relied on the principle that the weighted opinions of participants 

should decide the outcome, as, on average, they will reflect the majority consensus 

opinions. Hong and Page (2012) considered combining diversity to capture individual 

views. Hayek (1945) saw the value of surfacing diverse insights to facilitate an agreed 

exchange value by the market participants. Surowiecki (2004) leaned towards the 

approach of Sir Galton and Condorcet, stressing the importance of the general opinion 

of the “crowd.” Rowe and Wright (2011) the moderated average or median. Collective 

decision-making requires balancing the need for access to the group and how the group 

outcome is decided (Figure 2-1 Collective Decision-Making Classification).  

Elements from the alternative collective decision-making approaches were used in 

the CM panel cooperative inquiry to make metal price forecasts and find a reliable 

aggregated consensus estimate (Brannick and Coghlan, 2014; Heron and Reason, 

2008). Engaging multiple participants is fundamental to surfacing an aggregated 

consensus estimate. The Delphi Method, which epitomizes a balance between 

deliberation and collaboration, and with the emerging consensus average or median 

shared through a moderator with all participants, was replicated in the AR project to 

facilitate the collection of metal prices forecasts from dispersed participants (Rowe 

and Wright, 1999; 2011). The cooperative inquiry allowed the collection and 

aggregation of metal price forecasts from several participants interacting openly and 

with the ability to act, reflect, and act again in recursive cycles (Coghlan, 2007; 

Coghlan and Brannick, 2014). The cooperative inquiry reflected that consensus 

forecasts could only be done “with people” with a similar expectation that their 

collective contribution could be an effective alternative workplace practice (Heron and 

Reason, 2008).  

Two sets of metal price forecasts were sourced during the AR project. The 

forecasts collected from the CM panel website were the primary data sourced by the 

researcher by inviting participants to collaborate in a cooperative inquiry focused on 

making cyclical metal price forecasts. Additional public metal price forecasting data 

was sourced from the LBMA-PMS for the twenty-one years from 2000 to 2020. Both 
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data sets of metal price forecasts included a numerical estimate of the metal price for 

a specific future period and a justification supporting the forecast. A significant 

difference between the CM panel and LBMA-PMS metal price forecasts was the 

degree of interaction between the participants. The CM panel participants could see all 

other participants' forecasts, justification, the progressive aggregated consensus 

average metal price, and the opportunity to make further cyclical forecasts before the 

forecasting period ended. The LBMA-PMS participants made their annual forecast and 

justifications in early January each year without interacting and without the 

participants having the opportunity to make further revised forecasts. Based on the 

quantitative analysis of the CM panel and LBMA-PMS forums forecasts, correctly 

predicting the future direction of the metal prices was critical for selecting the most 

reliable aggregated consensus estimate. The lower quartile was the most reliable 

aggregated consensus estimate for a neutral or declining metal price (less than a 1% 

increase). The upper quartile was the most reliable aggregated consensus estimate for 

a rising metal price (greater than 1%). The qualitative analysis of justifications for the 

CM panel participants showed some correlation (mid 30%) with forecasting accuracy 

(APE), while the similar LBMA-PMS analysis was less conclusive. The finding was 

that the numerical estimate made by the forecasting participants was more informative 

than the accompanying justifications provided. 

5.2. Conclusion  

The CM panel was set up for the online cooperative inquiry, resulting in collecting 

and analyzing 191 metal price forecasts and 4’000 words of justifications from 23 

participants over seven forecasting periods. The CM panel data was triangulated with 

545 gold price forecasts and approximately 92’700 words of explanations made by 

127 participants over twenty-one years in the LBMA-PMS. The CM panel findings, 

confirmed by the LBMA-PMS findings, were informative, albeit not exactly as 

expected when the AR project began. Based on the literature reviewed discussing 

aggregated consensus estimates, the predominant expectation focused on the average 

or median as the most reliable consensus measure of collective group forecasts. Based 

on the literature reviewed, an expectation was held that including a justification would 

improve the reliability of the metal price forecast. The outcome of the quantitative 

analysis pointed to either the lower or upper quartiles as the most reliable aggregated 
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consensus estimates. The qualitative research did not support the importance of 

requiring a justification to improve the reliability of an aggregated consensus estimate. 

The quantitative analysis revealed the most crucial aspect of using aggregated 

consensus estimates was correctly anticipation of the future direction of the forecasted 

metal price. If the forecasted metal price direction was correctly predicted, two related 

selection rules could be used to improve the choice of the most reliable aggregated 

consensus estimate: 

• The lower quartile will be the more reliable aggregated consensus estimate when 

the predicted metal prices are expected to be neutral or down (less than a 1% 

increase). 

• The upper quartile will be the more reliable aggregated consensus estimate when 

the predicted metal prices are expected to increase (more than a 1% increase). 

The low or high outliers tend to offset each other when using the consensus average 

or median as the aggregated consensus estimate. At the same time, many forecasters 

similarly focus their estimates on a commonly perceived value based on recent events, 

influencing the central aggregated estimates. The implication for selecting the most 

reliable aggregated consensus estimates shows the estimate will lie either halfway 

above or below the median and the corresponding outliers, depending on the expected 

metal price direction. The indicated quartile value will reduce the biases occurring 

because of the centralized groupthink and the extremes of over-inflated expectations, 

reflected in a lower MSE and APE for the aggregated consensus relevant quartile 

estimates. 

The AR project qualitative analysis proved unclear, showing a low association 

between forecast justifications and the submitted forecasts’ APE reliability. The 

qualitative analysis of the forecast justifications showed significant coherence between 

the beliefs of the forecasters about factors most pertinent to future metal prices. The 

keyword analysis also showed that the forecasters displayed a high degree of 

consistency in the factors that affected the metal prices in the successive forecasting 

period. The low correlation between the keyword groups and forecasting reliability, 

coupled with the consistent usage of keywords by the forecasters, could show the 

possibility of rote explanations. The quantitative forecast estimate is more 

meticulously formulated than the explanation when the forecasters predict future metal 
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prices. A possible alternative approach that may yield more consistent results is to have 

the forecasters quantify their expectations of the influence of the critical factors as 

negative and positive percentages. The modification could allow a more concise 

analysis of the critical elements, improve the ability to aggregate the estimated 

influences, and highlight expectations as a bias indicator. The explanations should 

focus on the anticipated market metal price direction, given the significance of making 

reliable forecasts. 

From a cooperative inquiry perspective, getting active participation, which could 

influence the level of collaboration, was identified as an element in achieving the AR 

project's goal of identifying a reliable aggregated consensus estimate. Participation 

was divided between the participants who remained committed to the metal price 

forecasting process and those who only took part for a short duration for both the CM 

panel and the LBMA-PMS. The issue of participation motivation surfaced in 

interactions with some CM panel participants. It led to the understanding that 

reciprocity was an expected value exchange that influenced the decision and degree of 

participation. Reciprocity was associated with the recognition given by competing 

peers sharing a similar experience of contributing to something important to those 

involved. Although the collective actions of all participants contributed to the AR 

project’s results and findings, their willingness to participate made the endeavor 

successful. The importance of anonymous participation in the cooperative inquiry 

could have limited participation, and the primary focus of the LBMA-PMS on the top 

performers could have contributed to the dropout of the less well-recognized 

participants' contributions. The importance of reciprocity opens the debate around 

anonymous participation in surveys and panels. Limiting the recognition awarded to 

participants for their contributions in an observable manner can curtail their ongoing 

participation. Focusing primarily on the top performers without recognizing the value 

created from being able to aggregate all the collective contributions could also be seen 

as limiting the potential of finding reliable aggregated consensus estimates from group 

participation settings. 

5.3. Future Research 

An aspect linked directly to the AR project that calls for further analysis is testing 

the keyword frequency in the LBMA-PMS explanations against the individual 

participants' annual forecasting performance (APE). The uncertain outcome of the AR 
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project qualitative analysis cannot be accepted without exploring the possibility that 

the joint analysis of all participants' explanations caused canceling “noise” that 

obscured the actual relationship between the keywords and forecasting reliability. 

A finding of the AR project was the selection rule for the lower and upper quartiles. 

The reliability of the proposed lower and upper quartile selection rule needs to be 

tested with other metal price forecasting data to either confirm the conclusion reached 

or refine the selection rule. A preliminary quantitative analysis of the LBMA-PMS 

data for silver (Annexure I), platinum (Annexure J), and palladium (Annexure K) were 

done to evaluate the most reliable aggregated consensus estimate. The lower and upper 

quartile rule proved most reliable for the silver and platinum LBMA-PMS data. The 

median was the most reliable aggregated consensus estimate for the LBMA-PMS 

palladium data. Although Consensus Economics (2020) was approached to access 

their data comparable to the LBMA-PMS data, they were unwilling to share. Thomson 

Reuters GFMS (2020) has similar data on metal price forecasts that could be analyzed. 

Numerous consensus judgmental financial estimates are reported by institutions, 

which could also possibly be accessed to test the selection hypothesis rule. 

A common expectation about forecasting is that its accuracy will be improved by 

asking for a justification for the estimate. The aspect needs further research based on 

the inconclusive findings about explanations in the AR project. The suggestion that 

the justification requirement instead is set as a table of critical factors with a negative 

and positive percentage assigned needs to be explored to verify if it offers a more 

reliable gauge of forecasting reliability in alternative settings and the significance of 

transparency across all participants. 

Correctly predicting the future direction of forecasted metal prices was flagged as 

a crucial element in improving the reliability of aggregated consensus estimates. How 

workable it would be to achieve better reliability in predicting future metal market 

directions is debatable, given the myriad of influencing factors. Classifying the 

LBMA-PMS forecasts improved the calculated prior probabilities compared to the 

overall data set. It may be possible to find other indicators that could similarly improve 

the likelihood of correctly choosing the future market price direction in advance, 

aiding in selecting the most reliable aggregated consensus estimate. 
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Researching alternative routes to reach your destination will be possible when 

embarking on a new journey. An alternative approach may involve asking some 

experienced travelers which route they would recommend. Setting off in the right 

direction would be helpful when leaving on the journey. Upon arriving at your 

destination, the expectations created about the trip would unlikely match your 

expectations before setting out. As with all road trips, the driver's experience would 

have differed from the other passengers’ experiences and involved making many 

decisions alone. The AR project had similar overtones, a workplace issue, and a prior 

expectation of the best alternative approach. Researching the relevant literature created 

certain expectations, while asking a panel of experts did not precisely confirm the 

initial expectations held. During the AR project, the researcher needed to make some 

decisions that influenced the structure of the cooperative inquiry without changing the 

outcome. After reaching the destination, new insights have been gained on the most 

reliable route to take, but the findings need to be tested by other travelers to confirm 

the results. 

 

“None of us acting alone can achieve success” – Nelson Mandela (2018-2013) 
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Annexure B: CM panel Participant Registration And Consent Form 
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Annexure C: CM panel Participant’s Additional Research Information 
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Annexure D: PwC Top 40 Mines Report 2011-2020 
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Annexure E: LBMA-PMS 2001 
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Annexure F: LBMA-PMS Gold Forecasts Probabilities 

 

P(AՈF)

P(A+ՈF+) 88.4%

P(A+|F+) 93.4%

297

P(F+) 94.6% 21

318 P(A-|F+) 6.6%

P(A-ՈF+) 6.3%

P(A+ՈF-) 4.5%

18 P(A+|F+) 83.3%

P(F-) 5.4% 15

3

P(A-|F-) 16.7%

P(A-ՈF-) 0.9%

Key: Total 100.0%

A+ - Actual gold price increase positive F+ - Forecasted gold price increasing

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

Gold price increased

Gold price increased

Gold price decreased

LBMA-PMS participants forecasts

P(F) P(A|F)

1st Week 

January 

postive

336

Forecast gold price increasing

Forecast gold price decreasing

Gold price decreased
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P(AՈF)

P(A+ՈF+) 9.1%

P(A+|F+) 24.1%

19

P(F+) 37.8% 60

79 P(A-|F+) 75.9%

P(A-ՈF+) 28.7%

P(A+ՈF-) 17.2%

130 P(A+|F+) 27.7%

P(F-) 62.2% 36

94

P(A-|F-) 72.3%

P(A-ՈF-) 45.0%

Key: Total 100.0%

A+ - Actual gold price increase positive F+ - Forecasted gold price increasing

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

Gold price decreased

Forecast gold price increasing

1st Week 

January 

negative

209

Forecast gold price decreasing

Gold price increased

LBMA-PMS participants forecasts

P(F) P(A|F)

Gold price increased

Gold price decreased
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P(AՈF)

P(A+ՈF+) 58.0%

P(A+|F+) 79.6%

316

P(F+) 72.8% 81

397 P(A-|F+) 20.4%

P(A-ՈF+) 14.9%

P(A+ՈF-) 9.4%

148 P(A+|F+) 34.5%

P(F-) 27.2% 51

97

P(A-|F-) 65.5%

P(A-ՈF-) 17.8%

Key: Total 100.0%

A+ - Actual gold price increase positive F+ - Forecasted gold price increasing

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

All 

forecasts
545

Forecast gold price decreasing

Gold price increased

Gold price decreased

P(F) P(A|F)

Gold price increased

Gold price decreased

Forecast gold price increasing

LBMA-PMS participants forecasts
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P(AՈF)

P(A+ՈFc) 58.0%

P(A+|Fc) 76.5%

316

P(Fc) 75.8% 97

413 P(A-|Fc) 23.5%

P(A-ՈFc) 17.8%

P(A+ՈFi) 9.4%

132 P(A+|Fi) 38.6%

P(Fi) 24.2% 51

81

P(A-|Fi) 61.4%

P(A-ՈFi) 14.9%

Key: Total 100.0%

A- - Actual gold price increase negative F- - Forecasted gold price incorrectly

Forecasted gold price incorrectly

Gold price increased

Gold price decreased

A+ - Actual gold price increase positive Fc - Forecasted gold price correctly

Gold price increased

Gold price decreased

Forecasted gold price correctly

All 

forecasts
545

LBMA-PMS participants forecasts

P(F) P(A|F)
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P(FՈA)

P(F+ՈA+) 92.3%

P(F+|A+) 100.0%

12

P(A+) 92.3% 0

12 P(F-|A+) 0.0%

P(F-ՈA+) 0.0%

P(A+ՈF-) 7.7%

1 P(F+|A+) 100.0%

P(A-) 7.7% 1

0

P(F-|A-) 0.0%

P(F-ՈA-) 0.0%

Key: Total 100.0%

F+ - Forecasted gold price increasing

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

LBMA-PMS annual actual and participants forecasted gold price direction

P(A) P(F|A)

Forecast gold price increasing

Forecast gold price decreasing

Gold price increased

1st Week 

January 

postive

13

Gold price decreased

Forecast gold price increasing

Forecast gold price decreasing

A+ - Actual gold price increase positive
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P(FՈA)

P(F+ՈA+) 12.5%

P(F+|A+) 50.0%

1

P(A+) 25.0% 1

2 P(F-|A+) 50.0%

P(F-ՈA+) 12.5%

P(A+ՈF-) 25.0%

6 P(F+|A+) 33.3%

P(A-) 75.0% 2

4

P(F-|A-) 66.7%

P(F-ՈA-) 50.0%

Key: Total 100.0%

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

Gold price decreased

Forecast gold price increasing

Forecast gold price decreasing

A+ - Actual gold price increase positive F+ - Forecasted gold price increasing

Forecast gold price increasing

Forecast gold price decreasing

Gold price increased

1st Week 

January 

negative

8

LBMA-PMS annual actual and participants forecasted gold price direction

P(A) P(F|A)
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P(FՈA)

P(F+ՈA+) 61.9%

P(F+|A+) 92.9%

13

P(A+) 66.7% 1

14 P(F-|A+) 7.1%

P(F-ՈA+) 4.8%

P(A+ՈF-) 14.3%

7 P(F+|A+) 42.9%

P(A-) 33.3% 3

4

P(F-|A-) 57.1%

P(F-ՈA-) 19.0%

Key: Total 100.0%

A- - Actual gold price increase negative F- - Forecasted gold price decreasing

Gold price decreased

Forecast gold price increasing

Forecast gold price decreasing

A+ - Actual gold price increase positive F+ - Forecasted gold price increasing

Forecast gold price increasing

Forecast gold price decreasing

Gold price increased

1st Week 

January 

negative

21

LBMA-PMS annual actual and participants forecasted gold price direction

P(A) P(F|A)
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P(AՈF)

P(A+ՈFc) 61.9%

P(A+|Fc) 76.5%

13

P(Fc) 81.0% 4

17 P(A-|Fc) 23.5%

P(A-ՈFc) 19.0%

P(A+ՈFi) 14.3%

4 P(A+|Fi) 75.0%

P(Fi) 19.0% 3

1

P(A-|Fi) 25.0%

P(A-ՈFi) 4.8%

Key: Total 100.0%

F- - Forecasted gold price incorrectly

LBMA-PMS annual actual and participants forecasted gold price direction

P(F) P(A|F)

Gold price increased

Gold price decreased

Forecasted gold price correctly

All 

forecasts
21

Forecasted gold price incorrectly

Gold price increased

Gold price decreased

A+ - Actual gold price increase positive Fc - Forecasted gold price correctly

A- - Actual gold price increase negative
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Annexure G: LBMA-PMS Condorcet Jury Theorem Probabilities 

Year 

1st Week 

market 

direction 

Actual 

Market 

direction 

Total 

forecasts 

Up 

forecasts 

Down 

forecasts 

Condorcet 

Up 

probability 

Condorcet 

Down 

probability 

2000 0.8% 0.2% 25 19 6 99.8% 0.2% 

2001 (3.9%) (3.0%) 24 8 16 7.6% 92.4% 

2002 2.7% 12.5% 25 22 3 100.0% 0.0% 

2003 12.3% 14.8% 24 24 0 100.0% 0.0% 

2004 15.8% 11.2% 24 24 0 100.0% 0.0% 

2005 3.6% 7.9% 25 21 4 100.0% 0.0% 

2006 19.7% 26.4% 25 25 0 100.0% 0.0% 

2007 3.7% 13.2% 29 26 3 100.0% 0.0% 

2008 23.5% 20.3% 24 24 0 100.0% 0.0% 

2009 (1.8%) 10.3% 24 15 9 92.4% 7.6% 

2010 15.8% 20.6% 26 26 0 100.0% 0.0% 

2011 12.0% 22.1% 24 24 0 100.0% 0.0% 

2012 2.3% 5.8% 26 25 1 100.0% 0.0% 

2013 (0.3%) (18.3%) 23 18 5 99.9% 0.1% 

2014 (12.8%) (11.4%) 28 0 28 0.0% 100.0% 

2015 (5.1%) (9.2%) 31 4 27 0.0% 100.0% 

2016 (5.9%) 7.3% 31 4 27 0.0% 100.0% 

2017 (6.5%) 0.5% 23 11 12 50.0% 50.0% 

2018 4.7% 0.9% 24 21 3 100.0% 0.0% 

2019 1.4% 8.9% 30 27 3 100.0% 0.0% 

2020 11.9% 21.3% 30 29 1 100.0% 0.0% 

Average 4.5% 12.3% 26 19 7 99.53% 0.47% 

Gold 

price 

>1% 

8.4% 14.5% 26 23 4 100.00% 0.00% 

Gold 

price 

<1% 

-3.3% -5.8% 25 12 14 50.00% 50.00% 
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Annexure H: LBMA-PMS Gold Forecasts (High-Low) - Consensus Estimates 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2000 $279/oz $279/oz $285/oz $297/oz $295/oz $303/oz 

a Actual % Δ / APE % Neutral 0.2% 2.1% 6.4% 5.7% 8.4% 

 2001 $279/oz $271/oz $271/oz $277/oz $275/oz $285/oz 

a Actual % Δ / APE % Down (3.0%) (0.1%) 2.1% 1.5% 5.0% 

 2002 $271/oz $310/oz $285/oz $289/oz $289/oz $295/oz 

a Actual % Δ / APE % Up 12.5% (8.0%) (6.6%) (6.7%) (4.7%) 

 2003 $310/oz $363/oz $350/oz $357/oz $355/oz $365/oz 

a Actual % Δ / APE % Up 14.8% (3.7%) (1.7%) (2.3%) 0.5% 

 2004 $363/oz $409/oz $410/oz $422/oz $423/oz $438/oz 

a Actual % Δ / APE % Up 11.2% 0.2% 3.3% 3.3% 6.9% 

 2005 $409/oz $444/oz $425/oz $437/oz $440/oz $449/oz 

a Actual % Δ / APE % Up 7.9% (4.4%) (1.8%) (1.0%) 0.9% 

 2006 $444/oz $604/oz $525/oz $542/oz $540/oz $555/oz 

a Actual % Δ / APE % Up 26.4% (13.1%) (10.3%) (10.6%) (8.1%) 

 2007 $604/oz $695/oz $638/oz $654/oz $658/oz $670/oz 

a Actual % Δ / APE % Up 13.2% (8.3%) (5.9%) (5.5%) (3.7%) 

 2008 $695/oz $872/oz $840/oz $877/oz $859/oz $901/oz 

a Actual % Δ / APE % Up 20.3% (3.7%) 0.5% (1.5%) 3.3% 

 2009 $872/oz $972/oz $859/oz $898/oz $904/oz $951/oz 

a Actual % Δ / APE % Up 10.3% (11.6%) (7.7%) (7.1%) (2.2%) 

 2010 $972/oz $1,225/oz $1,150/oz $1,190/oz $1,184/oz $1,214/oz 

a Actual % Δ / APE % Up 20.6% (6.1%) (2.9%) (3.3%) (0.8%) 

 2011 $1,225/oz $1,572/oz $1,415/oz $1,450/oz $1,443/oz $1,479/oz 

a Actual % Δ / APE % Up 22.1% (10.0%) (7.7%) (8.2%) (5.9%) 

 2012 $1,572/oz $1,669/oz $1,718/oz $1,749/oz $1,765/oz $1,800/oz 

a Actual % Δ / APE % Up 5.8% 2.9% 4.8% 5.8% 7.9% 

 2013 $1,669/oz $1,411/oz $1,670/oz $1,721/oz $1,730/oz $1,763/oz 

a Actual % Δ / APE % Down (18.3%) 18.3% 22.0% 22.6% 24.9% 

 2014 $1,411/oz $1,266/oz $1,194/oz $1,223/oz $1,225/oz $1,260/oz 

a Actual % Δ / APE % Down (11.4%) (5.7%) (3.4%) (3.3%) (0.5%) 

 2015 $1,266/oz $1,160/oz $1,193/oz $1,221/oz $1,225/oz $1,258/oz 

a Actual % Δ / APE % Down (9.2%) 2.8% 5.2% 5.6% 8.5% 

 2016 $1,160/oz $1,251/oz $1,078/oz $1,105/oz $1,101/oz $1,138/oz 

a Actual % Δ / APE % Up 7.3% (13.9%) (11.7%) (12.0%) (9.1%) 

 2017 $1,251/oz $1,257/oz $1,213/oz $1,240/oz $1,250/oz $1,270/oz 

a Actual % Δ / APE % Neutral 0.5% (3.6%) (1.4%) (0.6%) 1.0% 

 2018 $1,257/oz $1,268/oz $1,299/oz $1,318/oz $1,325/oz $1,346/oz 

a Actual % Δ / APE % Neutral 0.9% 2.4% 3.9% 4.5% 6.1% 

 2019 $1,268/oz $1,393/oz $1,300/oz $1,313/oz $1,313/oz $1,329/oz 

a Actual % Δ / APE % Up 8.9% (6.7%) (5.7%) (5.8%) (4.6%) 

 2020 $1,393/oz $1,770/oz $1,550/oz $1,566/oz $1,565/oz $1,583/oz 

a Actual % Δ / APE % Up 21.3% (12.4%) (11.5%) (11.6%) (10.5%) 

 2000-2020 $903/oz $974/oz $936/oz $959/oz $960/oz $983/oz 

b Actual % Δ / APE % Up 12.3% 7.6% 6.8% 7.0% 6.6% 

c Root Mean Square error 160    102  100  102  103  

d Theil U(II) – Median 156.7%   99.9% 97.2% 100.0% 100.6% 

e Theil U(II) – Prior     63.8% 62.0% 63.8% 64.2% 

f ReLMAE - Prior     99.3% 78.7% 81.1% 66.3% 
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Annexure I: LBMA-PMS Silver Forecasts - Consensus Estimates 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2000 $5.22/oz $4.95/oz $5.26/oz $5.55/oz $5.50/oz $5.73/oz 

a Actual % Δ / APE % Down (5.5%) 6.3% 12.1% 11.1% 15.7% 

 2001 $4.95/oz $4.37/oz $4.63/oz $4.77/oz $4.75/oz $5.22/oz 

a Actual % Δ / APE % Down (13.3%) 5.8% 9.1% 8.7% 19.5% 

 2002 $4.37/oz $4.60/oz $4.33/oz $4.47/oz $4.45/oz $4.65/oz 

a Actual % Δ / APE % Up 5.0% (5.9%) (2.8%) (3.3%) 1.1% 

 2003 $4.60/oz $4.88/oz $4.65/oz $4.87/oz $4.80/oz $5.05/oz 

a Actual % Δ / APE % Up 5.7% (4.7%) (0.2%) (1.6%) 3.5% 

 2004 $4.88/oz $6.66/oz $5.84/oz $6.00/oz $5.95/oz $6.19/oz 

a Actual % Δ / APE % Up 26.7% (12.4%) (9.9%) (10.7%) (7.1%) 

 2005 $6.66/oz $7.31/oz $6.25/oz $6.56/oz $6.51/oz $6.95/oz 

a Actual % Δ / APE % Up 8.9% (14.5%) (10.2%) (10.9%) (5.0%) 

 2006 $7.31/oz $11.55/oz $8.31/oz $8.66/oz $8.70/oz $9.04/oz 

a Actual % Δ / APE % Up 36.7% (28.1%) (25.0%) (24.7%) (21.7%) 

 2007 $11.55/oz $13.38/oz $11.98/oz $12.57/oz $12.50/oz $13.08/oz 

a Actual % Δ / APE % Up 13.7% (10.5%) (6.1%) (6.6%) (2.2%) 

 2008 $13.38/oz $14.99/oz $14.13/oz $15.17/oz $15.10/oz $16.00/oz 

a Actual % Δ / APE % Up 10.7% (5.8%) 1.2% 0.7% 6.7% 

 2009 $14.99/oz $14.67/oz $10.35/oz $11.58/oz $11.45/oz $13.00/oz 

a Actual % Δ / APE % Down (2.2%) (29.5%) (21.1%) (22.0%) (11.4%) 

 2010 $14.67/oz $20.19/oz $17.07/oz $19.02/oz $18.65/oz $19.95/oz 

a Actual % Δ / APE % Up 27.3% (15.5%) (5.8%) (7.6%) (1.2%) 

 2011 $20.19/oz $35.12/oz $26.38/oz $29.88/oz $30.00/oz $32.53/oz 

a Actual % Δ / APE % Up 42.5% (24.9%) (14.9%) (14.6%) (7.4%) 

 2012 $35.12/oz $31.15/oz $31.78/oz $33.98/oz $34.00/oz $36.13/oz 

a Actual % Δ / APE % Down (12.7%) 2.0% 9.1% 9.2% 16.0% 

 2013 $31.15/oz $23.79/oz $31.08/oz $33.21/oz $32.50/oz $35.93/oz 

a Actual % Δ / APE % Down (30.9%) 30.6% 39.6% 36.6% 51.0% 

 2014 $23.79/oz $19.08/oz $19.00/oz $19.95/oz $19.90/oz $21.00/oz 

a Actual % Δ / APE % Down (24.7%) (0.4%) 4.5% 4.3% 10.1% 

 2015 $19.08/oz $15.68/oz $16.10/oz $16.76/oz $16.88/oz $17.65/oz 

a Actual % Δ / APE % Down (21.7%) 2.7% 6.9% 7.7% 12.6% 

 2016 $15.68/oz $17.14/oz $13.73/oz $14.74/oz $14.80/oz $15.53/oz 

a Actual % Δ / APE % Up 8.5% (19.9%) (14.0%) (13.7%) (9.4%) 

 2017 $17.14/oz $17.05/oz $17.18/oz $17.77/oz $17.90/oz $18.46/oz 

a Actual % Δ / APE % Neutral (0.5%) 0.7% 4.3% 5.0% 8.2% 

 2018 $17.05/oz $15.71/oz $17.25/oz $17.81/oz $17.90/oz $18.49/oz 

a Actual % Δ / APE % Down (8.5%) 9.8% 13.4% 13.9% 17.7% 

 2019 $15.71/oz $16.21/oz $15.88/oz $16.28/oz $16.50/oz $16.61/oz 

a Actual % Δ / APE % Up 3.1% (2.0%) 0.4% 1.8% 2.5% 

 2020 $16.21/oz $20.55/oz $17.69/oz $18.21/oz $18.40/oz $18.95/oz 

a Actual % Δ / APE % Up 21.1% (13.9%) (11.4%) (10.5%) (7.8%) 

 2000-2020 $14.46/oz $15.19/oz $14.23/oz $15.13/oz $15.10/oz $16.01/oz 

b Actual % Δ / APE % Neutral 18.6% 13.0% 11.8% 11.8% 12.5% 

c Root Mean Square error 4.41    3.06  2.79  2.68  3.19  

d Theil U(II) – Median 164.3%   113.9% 104.0% 100.0% 118.7% 

e Theil U(II) – Prior 100.0%   69.3% 63.3% 60.9% 72.3% 

f ReLMAE - Prior     128.2% 99.4% 101.1% 88.2% 
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Annexure J: LBMA-PMS Platinum Forecasts - Consensus Estimates 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2002 $529/oz $540/oz $435/oz $463/oz $450/oz $499/oz 

a Actual % Δ / APE % Up 2.1% (19.5%) (14.4%) (16.7%) (7.6%) 

 2003 $540/oz $693/oz $592/oz $609/oz $615/oz $634/oz 

a Actual % Δ / APE % Up 22.0% (14.6%) (12.0%) (11.2%) (8.5%) 

 2004 $693/oz $846/oz $775/oz $811/oz $815/oz $840/oz 

a Actual % Δ / APE % Up 18.1% (8.4%) (4.1%) (3.7%) (0.7%) 

 2005 $846/oz $897/oz $774/oz $814/oz $813/oz $860/oz 

a Actual % Δ / APE % Up 5.7% (13.8%) (9.3%) (9.5%) (4.2%) 

 2006 $897/oz $1,143/oz $926/oz $984/oz $981/oz $1,039/oz 

a Actual % Δ / APE % Up 21.5% (19.0%) (13.9%) (14.2%) (9.1%) 

 2007 $1,143/oz $1,305/oz $1,100/oz $1,172/oz $1,173/oz $1,225/oz 

a Actual % Δ / APE % Up 12.4% (15.7%) (10.2%) (10.1%) (6.1%) 

 2008 $1,305/oz $1,575/oz $1,494/oz $1,557/oz $1,545/oz $1,620/oz 

a Actual % Δ / APE % Up 17.2% (5.2%) (1.1%) (1.9%) 2.9% 

 2009 $1,575/oz $1,207/oz $944/oz $996/oz $1,005/oz $1,052/oz 

a Actual % Δ / APE % Down (30.4%) (21.8%) (17.5%) (16.8%) (12.9%) 

 2010 $1,207/oz $1,611/oz $1,470/oz $1,558/oz $1,565/oz $1,625/oz 

a Actual % Δ / APE % Up 25.1% (8.8%) (3.3%) (2.9%) 0.9% 

 2011 $1,611/oz $1,721/oz $1,775/oz $1,813/oz $1,810/oz $1,875/oz 

a Actual % Δ / APE % Up 6.4% 3.2% 5.4% 5.2% 9.0% 

 2012 $1,721/oz $1,552/oz $1,525/oz $1,624/oz $1,630/oz $1,719/oz 

a Actual % Δ / APE % Down (10.9%) (1.7%) 4.7% 5.0% 10.8% 

 2013 $1,552/oz $1,486/oz $1,648/oz $1,682/oz $1,690/oz $1,711/oz 

a Actual % Δ / APE % Down (4.4%) 10.9% 13.2% 13.7% 15.1% 

 2014 $1,486/oz $1,384/oz $1,468/oz $1,490/oz $1,483/oz $1,537/oz 

a Actual % Δ / APE % Down (7.4%) 6.0% 7.7% 7.1% 11.0% 

 2015 $1,384/oz $1,053/oz $1,265/oz $1,294/oz $1,284/oz $1,338/oz 

a Actual % Δ / APE % Down (31.4%) 20.1% 22.8% 21.9% 27.0% 

 2016 $1,053/oz $989/oz $846/oz $911/oz $901/oz $980/oz 

a Actual % Δ / APE % Down (6.6%) (14.5%) (7.8%) (8.9%) (0.9%) 

 2017 $989/oz $949/oz $990/oz $1,014/oz $1,015/oz $1,035/oz 

a Actual % Δ / APE % Down (4.2%) 4.4% 6.9% 7.0% 9.1% 

 2018 $949/oz $880/oz $960/oz $1,000/oz $1,012/oz $1,053/oz 

a Actual % Δ / APE % Down (7.9%) 9.2% 13.7% 15.0% 19.7% 

 2019 $880/oz $864/oz $830/oz $851/oz $855/oz $890/oz 

a Actual % Δ / APE % Down (1.8%) (3.9%) (1.5%) (1.0%) 3.0% 

 2020 $864/oz $886/oz $948/oz $1,005/oz $993/oz $1,084/oz 

a Actual % Δ / APE % Up 2.5% 7.0% 13.5% 12.1% 22.3% 

 2002-2020 $1,117/oz $1,136/oz $1,093/oz $1,139/oz $1,139/oz $1,190/oz 

b Actual % Δ / APE % Neutral 13.0% 10.2% 9.1% 9.1% 9.3% 

c Root Mean Square error 189.61    134.02  119.71  119.07  132.55  

d Theil U(II) – Median 159.2%   112.6% 100.5% 100.0% 111.3% 

e Theil U(II) – Prior 100.0%   70.7% 63.1% 62.8% 69.9% 

f ReLMAE - Prior     91.9% 78.4% 77.8% 73.6% 
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Annexure K: LBMA-PMS Palladium Forecasts - Consensus Estimates 

Forecasting period / % Change 

(Δ) compared to prior period / 

Consensus measure APE % 

LBMA 

average 

price for 

the prior 

period 

LBMA 

average 

price for 

the 

period 

Lower 

Quartile 
Average Median 

Upper 

Quartile 

Row Column No. 1 2 3 4 5 6 

 2001 $279/oz $279/oz $285/oz $298/oz $295/oz $305/oz 

a Actual % Δ / APE % Neutral 0.2% 2.1% 6.7% 5.7% 9.3% 

 2001 $279/oz $271/oz $268/oz $276/oz $275/oz $283/oz 

a Actual % Δ / APE % Down (3.0%) 1.1% 1.8% 1.5% 4.3% 

 2002 $271/oz $310/oz $280/oz $287/oz $290/oz $293/oz 

a Actual % Δ / APE % Up 12.5% 9.6% 7.3% 6.4% 5.6% 

 2003 $310/oz $363/oz $335/oz $345/oz $345/oz $351/oz 

a Actual % Δ / APE % Up 14.8% 7.8% 5.1% 5.0% 3.5% 

 2004 $363/oz $409/oz $403/oz $417/oz $419/oz $429/oz 

a Actual % Δ / APE % Up 11.2% 1.5% 2.0% 2.4% 4.7% 

 2005 $409/oz $444/oz $422/oz $434/oz $438/oz $450/oz 

a Actual % Δ / APE % Up 7.9% 5.1% 2.4% 1.5% 1.3% 

 2006 $444/oz $604/oz $520/oz $535/oz $525/oz $554/oz 

a Actual % Δ / APE % Up 26.4% 13.9% 11.4% 13.1% 8.2% 

 2007 $604/oz $695/oz $620/oz $652/oz $650/oz $675/oz 

a Actual % Δ / APE % Up 13.2% 10.8% 6.2% 6.5% 3.0% 

 2008 $695/oz $872/oz $825/oz $862/oz $850/oz $893/oz 

a Actual % Δ / APE % Up 20.3% 5.4% 1.1% 2.5% 2.4% 

 2009 $872/oz $972/oz $836/oz $881/oz $901/oz $946/oz 

a Actual % Δ / APE % Up 10.3% 14.1% 9.4% 7.4% 2.7% 

 2010 $972/oz $1,225/oz $1,165/oz $1,199/oz $1,199/oz $1,233/oz 

a Actual % Δ / APE % Up 20.6% 4.8% 2.1% 2.1% 0.7% 

 2011 $1,225/oz $1,572/oz $1,449/oz $1,457/oz $1,464/oz $1,491/oz 

a Actual % Δ / APE % Up 22.1% 7.8% 7.3% 6.8% 5.1% 

 2012 $1,572/oz $1,669/oz $1,728/oz $1,766/oz $1,770/oz $1,833/oz 

a Actual % Δ / APE % Up 5.8% 3.5% 5.8% 6.1% 9.8% 

 2013 $1,669/oz $1,411/oz $1,714/oz $1,753/oz $1,753/oz $1,782/oz 

a Actual % Δ / APE % Down (18.3%) 21.4% 24.3% 24.2% 26.2% 

 2014 $1,411/oz $1,266/oz $1,176/oz $1,219/oz $1,230/oz $1,265/oz 

a Actual % Δ / APE % Down (11.4%) 7.2% 3.7% 2.9% 0.1% 

 2015 $1,266/oz $1,160/oz $1,188/oz $1,211/oz $1,230/oz $1,255/oz 

a Actual % Δ / APE % Down (9.2%) 2.4% 4.4% 6.0% 8.2% 

 2016 $1,160/oz $1,251/oz $1,058/oz $1,103/oz $1,120/oz $1,145/oz 

a Actual % Δ / APE % Up 7.3% 15.5% 11.8% 10.5% 8.5% 

 2017 $1,251/oz $1,257/oz $1,209/oz $1,244/oz $1,260/oz $1,285/oz 

a Actual % Δ / APE % Neutral 0.5% 3.8% 1.0% 0.2% 2.2% 

 2018 $1,257/oz $1,268/oz $1,287/oz $1,318/oz $1,321/oz $1,359/oz 

a Actual % Δ / APE % Neutral 0.9% 1.5% 3.9% 4.1% 7.1% 

 2019 $1,268/oz $1,393/oz $1,300/oz $1,312/oz $1,315/oz $1,326/oz 

a Actual % Δ / APE % Up 8.9% 6.7% 5.8% 5.6% 4.8% 

 2020 $1,393/oz $1,770/oz $1,521/oz $1,559/oz $1,559/oz $1,593/oz 

a Actual % Δ / APE % Up 21.3% 14.0% 11.9% 11.9% 10.0% 

 2000-2020 $903/oz $974/oz $933/oz $959/oz $962/oz $988/oz 

b Actual % Δ / APE % Up 12.3% 8.3% 7.2% 7.1% 6.8% 

c Root Mean Square error 160    113  106  105  107  

d Theil U(II) – Median 153.1%   107.9% 101.4% 100.0% 102.2% 

e Theil U(II) – Prior     70.5% 66.2% 65.3% 66.7% 

f ReLMAE - Prior     104.4% 82.6% 82.3% 65.9% 

 


