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In the field of real estate there is a need to audit Automated Valuation Models (AVMs), commensurate 

with the global trends for increased automation, regulation and demands for verification and transpar-

ency. Although there have been calls for more material to assist auditing the functionality of AVMs, it was 

observed by Realia Management Oy when drafting their first AVM auditing template in 2012 that ade-

quate material exists, but is scattered. That observation was confirmed in the literature review for this 

study. Therefore, there is a need for a thorough overview of the requirements for auditing AVMs: the qual-

ifications, the relevant materials, the regulations and the organizational characteristics needed for suc-

cessfully performing an audit. Indeed, such an overview could be considered a prerequisite for further 

studies on AVM auditing. The research here was based on qualitative analysis using the Design Science 

Research (DSR) approach, with the goal of forming a framework from an auditor’s perspective.   

The Framework proposed was tested by methodological triangulation using the DSR approach and fur-

ther tested by interviews using a constructionist qualitative research method with a quantitative compo-

nent. The Framework, offers a comprehensive overview – metainformation – of the available information 

that the prospective AVM auditor needs in order to evaluate an auditing assignment and successfully 

complete an audit. By mitigating potential confusion, the Framework allows the prospective auditor to 

focus on the issues critical to the audit, as well as encouraging the auditor to search for additional infor-

mation and to seek appropriate guidance. Not only does the Framework proposed in this thesis therefore 

function as an orientation platform for the auditor, its real value may be as a meta-artefact for future 

research. Thus, the Framework reaches the research goals set out in this thesis. 
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Automaattisten arvonma a ritysmallien lisa a ntynyt auditointitarve on seurausta globaalien trendien, ku-

ten automaation, sa a ntelyn, la pina kyvyyden ja todentamisen tarpeen kasvusta. Kiinteisto alan kirjallisuu-

dessa on todettu tarvetta arvonma a ritysmallien auditoinnille seka  ma a ritysta  avustavalle materiaalille, 

silla  kattavaa, yhtena ista  materiaalia arvonma a ritysmallien testaukseen ei ole olemassa. Voidaan kuiten-

kin sanoa, etta  materiaalia on riitta va sti auditoinnin onnistuneeseen suorittamiseen, mutta ta ma  tieto on 

pirstaloitunutta, kuten Realia Management Oy:ssa  todettiin auditointipohjan luonnin aikana vuonna 

2012.  Ta ma  na kemys sai vahvistuksen ta ma n tutkimuksen kirjallisuuskatsauksessa. Ta ten tarve yleis-

luontoiseen katsaukseen onnistuneen auditoinnin suorittamista varten on ilmeinen, kattaen pa tevyys-

vaatimukset, olennaiset materiaalit, mahdolliset sa a ntelyt ja organisatoriset ominaisuudet. Auditointi-

vaatimusten kokoava katsaus voidaan katsoa myo s edellytykseksi lisa tutkimukselle. Tutkimus on suori-

tettu ka ytta en kvalitatiivista analyysia  hyo dynta ma lla  Design Science Research (DSR) -tutkimusmenetel-

ma a , jonka lopputulos tutkimuksen viitekehys on. Ta ma  viitekehys voi toimia orientaatioalustana audi-

toijalle, mutta sen todellinen arvo lienee meta-artefaktina – va lietappi ennen jatkotutkimusta ja ka yta n-

no n tyo kaluja. 

DSR-tutkimusmenetelma a  ka ytettiin myo s viitekehyksen testaamiseen ka ytta ma lla  menetelma triangu-

laatiota, jolla korostetaan eri la hteiden seka  yhtyma kohtia etta  eria va isyyksia . Haastattelut olivat yksi 

ka ytetyista  testausmenetelmista , joka toteutettiin ka ytta en konstruktionismin kvalitatiivista haastattelu-

menetelma n ja kvantitatiivisen elementin yhdistelma a . Tutkimuksen lopputulos, viitekehys, tarjoaa yleis-

katsauksen ja analyyseja  tarjolla olevaan informaatioon, eli metainformaatiota, jota mahdollinen auto-

maattisen arvonma a ritysmallin auditoija kaipaa arvioidakseen auditointitoimeksiannon ja voidakseen 

suorittaa auditoinnin onnistuneesti. Viitekehyksen tulisi va henta a  sekaannusta ja mahdollistaa auditoi-

jan keskittymisen auditointi-kriittisiin kohtiin, rohkaista hakemaan lisa a  informaatiota ja etsima a n asi-

anmukaista opastusta. Ta ten kehitetty viitekehys toteuttaa ja ta ytta a  asetetut tutkimuksen tavoitteet. 
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VI 

KEY TERMINOLOGY 

Audit: “a systematic, independent and documented process for obtaining audit evidence … and 

evaluating it objectively to determine the extent to which the audit criteria … are fulfilled.” (ISO, 

2011) 

Appraisal: Often used interchangeably with valuation. Estimating or an estimate of monetary 

value. 

Assurance: An auditor’s evaluation of the certainty of the presented facts, where accuracy of the 

audit findings are backed by the auditor’s reputation.  (IAASB, 2013a/2013b; ISACA, 2014; Oxford 

University Press, 2015) 

Audit criteria: [In the context of this thesis,] standards, benchmarks, policies, procedures or re-

quirements to which audit evidence is compared to, typically resulting in a pass or fail. 

Audit Report: [In the context of this thesis,] the final document delivered to the audit client con-

taining, among other things, an audit statement. 

Audit Statement: [In the context of this thesis] the conclusion of an audit report. A statement on 

the fulfilling of audit criteria and the true and fair presentation of the AVM results. 

Automated Valuation Model: Automated Valuation Model (AVM) is a system that produces an 

operator-independent value estimate based on input data and pre-set modelling algorithms. 

Computer Assisted Mass Appraisal: System for appraising property, typically tailored and re-

quiring user interaction. Can be considered synonymous with an AVM. 

Mass Appraisal: "Mass appraisal may be defined as a systematic appraisal of groups of properties 

using standardized procedures" (Kauko & d'Amato, 2008, pp. 2, 322) 

Professional Valuer: [In the context of this thesis,] a certified professional following valuation 

standards with experience in valuation of real or intangible property or a combination of these. 

Property Surveyor: Chiefly British English. See Professional Valuer.  

Qualification: [In the context of this thesis,] an adverse statement by the auditor in regards to the 

auditee, AVM process, AVM modelling parameters or AVM results. Depending on the context, the 

use of the term may have considerable implications and should be used carefully when carrying 

out an AVM audit. 

Traditional Valuation: [In the context of this thesis,] a valuation carried out by a professional 

valuer using established valuation methods, such as sales comparison and cash flow analysis. Of-

ten contrasted with emerging methods of valuation, such as automated valuation models. 

Valuation: Estimating, or an estimate, of monetary value. The valuation profession is regulated in 

several countries and property valuation may be limited to certified or qualified valuers. 
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CHAPTER I –  INTRODUCTION AND RESEARCH DESIGN 

1 INTRODUCTION 

In the field of real estate, at least three current and relevant global trends can be readily identi-

fied: an increase in automation, an increase in regulation and an increased demand for transpar-

ency and verifiability. The use of automation has been underpinned by the increased availability 

of appropriate software solutions, improved understanding of applied statistical methods and the 

accumulation of digitally archived data, allowing for a variety of applications, such as in property 

valuations. A desire for transparency and verification has spawned across multiple domains, af-

fecting instances such as banks, assurance and valuation services providers, systems and organi-

sations (Power, 1994). The growing demands for transparency and assurance in real estate origi-

nate either from within the domain or via the numerous stakeholders that are interlinked with 

real estate operations. Regulation has followed suit in risk mitigation and improved transparency. 

The calls for tighter regulation strengthened especially during the subprime mortgage debt crisis 

of 2007–2008 and the ensuing financial crisis. 

In practice, these identified trends work against one another. On the one hand, the expanding ap-

plication of automated valuation models (AVMs) on heterogeneous properties requires the opti-

mising or ‘tweaking’ of the models in the search of better methods to capture value, gradually 

leading to increased complexity, dissimilarity and obfuscation of the AVMs. On the other hand, the 

independent verifiability of the objectivity and accuracy of these AVMs craves standardisation and 

consistency. Further, the expansion of the regulatory framework often works to confuse rather 

than clarify positions, as regulations seldom come with practical guidance and often aim to regu-

late one of the numerous stakeholders rather than the object of audit directly. Thus, the AVM au-

ditor’s workload has increased and there is a need for an overview of the AVM auditor’s role in 

this post-crisis environment. 

2 BACKGROUND AND MOTIVATION 

The authors of the first in-house multiple regression audit template for Realia Managemet Oy, a 

Finnish real estate service provider, identified a lack of audit-specific tools for automated valua-

tion models in summer 2012. The author of this thesis was also a key member of the team in cre-

ating this audit template. Realia Management Oy (Realia) has an established record on giving in-

dependent opinions on clients’ in-house valuations and automated valuation models based on na-

ï ve methods. Thus, the instigation for this project were the many internal discussions within Realia 

and their incipient need for tools to assist the understanding of AVM evaluation, particularly from 

an auditor’s perspective. 
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3 CONSTRUCTION OF THESIS 

3.1 Research Problem and its Significance 

While the previously identified lack of adequate guides or standards was evident and confirmed 

through literature review prior to commencing this study, a lack of readily available tools should 

not actually prevent a successful audit of an automated valuation model (AVM) – only hinder it. 

However, the collection of all the required information can be overwhelming as the needed infor-

mation is scattered amongst multiple different sources. Indeed, the quantity of material appears 

not to be the issue but rather the quality and the direct applicability; the material appears to have 

sufficient information to carry out a successful audit, but the accumulation of all relevant infor-

mation and combining is a slow process and fraught with superfluous conjecture. Thus, there is a 

need to establish the relevancy, applicability and selection criteria of the material using rigorous 

and controlled methods through academic tools. 

The object of this thesis is to gather, combine and describe the essential information requirements 

to audit an AVM. The findings are presented as a framework to assist their translation into action-

able knowledge. The Framework allows, from the auditor’s point of view, for assessment of the 

requirements – and qualifications demanded – for successfully performing an audit. The thesis 

also discusses the significance and relevance of available standards and other materials when car-

rying out an AVM audit. Worded more concisely, the thesis aims to answer the question: where 

does the would-be AVM auditor stand in regards to AVMs, stakeholders and the wealth of information 

he or she is subjected to? 

Some of the secondary research questions that need to be addressed in order to fully answer the 

primary question are as follows: 

 who is qualified to audit an AVM? 

 what types of authoritative sources are there? 

 what tools might the AVM auditor use? 

The proposed Framework has significance in helping to navigate the metainformational output of 

the thesis’ qualitative analysis in addition to offering a prospective auditor a greater appreciation 

of the various sources of risk and uncertainty in AVMs, as well as identifying the differing require-

ments of the various stakeholders. The Framework has the potential to be the foundation for fu-

ture research, for exploring themes such as the standards on auditing AVMs; the use of auditing in 

standardising value reporting; and the development of practical processes and checklists for au-

ditors. The feedback from the interviewees, as explored under Chapter III, expressed a clear need 

for such Framework and the tools it could potentially generate. 
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3.2 An overview of the available literature 

Multiple sources were used to gather information, employing academic and non-academic search 

engines to identify the most relevant and most notable, in addition to the most recent publications. 

Subsequently the references and ‘cited by’ records were analysed for important publications rele-

vant to the field in order to capture any that could have been missed in previous rounds of re-

search. This method allows for reasonable confidence of a more than adequate coverage of the 

literature of the field of study. 

In auditing, there is a considerable amount of material available for analysis related to new areas 

of auditing outside of the more traditional scope of financial statements. Unlike in the real estate 

profession where a large share of the material can be considered academic in nature, in auditing 

there is a notable tendency towards non-peer reviewed works, such as books aimed at practition-

ers and publications by established corporations; these appear to be the primary sources of refer-

ence in peer-reviewed articles. Despite the excess of material, much of the non-contested source 

material is largely identical in substance when reduced to its relevant parts for the purpose of this 

study. 

Of all the peer-reviewed papers that were either skimmed or thoroughly analysed, approximately 

70 were found to be relevant to the use of automated valuation models (AVM) in property valua-

tion. Of the 70 papers, roughly two dozen offer added value to this research. In addition, over a 

hundred articles and reports were discovered in relevant journals and on the internet. Whilst ac-

ademic papers offer valuable insight into the inner workings of AVMs and some propose effective 

methods to analyse them for quality and suitability, the most valuable sources were identified to 

be standards and comprehensive analysis that draw upon the existing knowledge in the field. Most 

of these items are also freely available on the internet, often attached to a standards setting body 

or an association with significant impact on the field. 

The most active period for articles and academic papers on automated valuation models were the 

years 2000 to 2007. However, during the financial crisis, hubris turned to confusion and many of 

the authors appear to have turned their attention away from AVMs. After the turn of the decade, 

AVM tools had matured, interest has gradually returned and the prevalent use of AVMs in the mort-

gage industry has become strikingly evident today. Nevertheless, there remains a distinct lack of 

standards and testing material on AVMs, and demand for them is evident (Rossini & Kershaw, 

2008). Furthermore, whilst some standards do touch upon comprehensive AVM testing, no guid-

ance for the thorough external validation and statement of quality and objectivity – henceforth 

termed an audit – has been discovered. Thus, as identified by both the author, the instigator for 

this study (Realia) and by the academic and professional community in large, there is a clear need 

for better tools to evaluate the functioning of AVMs. 

The results of the literature review is presented in Chapter II as a part of the Framework, the result 

of this study. 
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3.3 Background on the researcher 

I have over 6 years of professional experience in real estate valuation. As part of that experience I 

have created my own regression models and partaken in giving independent opinions on valuation 

methods and their use. One example is the auditing of the automated valuation model by Orava 

Residential REIT (Orava) for which I co-authored an auditing template (Realia Management Oy, 

2012). The auditing template was created ad hoc, based on the best practices and information 

available to the authors and the standards that were considered most relevant at that time. Sub-

sequent revisions to the template have been made over the years. Whilst the Finnish Financial 

Supervisory Authority and the financial statement auditors of Orava have not indicated that there 

are any issues in the auditing document, the authors of the template recognise the constant need 

for improvements to meet the growing requirements of transparency and assurance in the field of 

real estate in Finland and elsewhere in Europe. 

Thus, one should note that the research and findings in this thesis are interpreted from the view-

point of a real estate professional with a background predominantly in valuation. The background 

of the researcher may have an effect on the results (Creswell, 2009, pp. 177-178; Roulston, 2010, 

pp. 84-86). Although I have not identified noticeable sources of bias in the process of doing this 

research, the knowledge base of this cross-domain analysis is likely to gravitate towards the real 

estate valuation profession.  

3.4 Scope of the study 

Due to the lack of extensive high quality databases on commercial properties, much of the aca-

demic work on AVMs and applied regression analysis is based on modelling the residential mar-

ket. Correspondingly, practically all commercial AVM solutions used in valuation work are resi-

dential AVMs. Thus, while not explicitly limiting this study to residential properties when explor-

ing the auditing of AVMs, it is likely that due to the lack of material on commercial property 

AVMs, the applicability to commercial property valuation modelling may suffer to a degree. 

An additional reservation is the use of more advanced modelling methods in AVMs, which have 

not been explored in this study in detail. The assumption is that the AVMs are based on more 

common modelling methods, such as multiple regression. Hedonic multiple regression has been 

identified as a widely accepted and easily understood method – almost an industry standard. 

Guidance note n. 13 of the International Valuation Standards (IVSC, 2005) states that “… Mass 

Appraisal Systems … should follow recognized scientific standards in statistical applications …”, 

and Kauko & d’Amato (2008, p. 3) support this view by arguing that multiple regression based 

AVMs remain “the most important theoretical framework in mass appraisal." The use of more 

complex methods will likely pose additional problems in auditing due to e.g. the increased com-

petence requirements imposed upon the auditor and the reliance on more experimental testing 

methods to support AVM analysis. 

While the study views the issue from an auditor perspective, the work may be valuable to other 

stakeholders as well. However, the preparation and collection of information was largely limited 



5 
 

 

to the auditor’s perspective, which may affect transferability. Also, the emphasis has been on an 

international level. Local regulation climate may have a major effect on the work of the auditor 

when auditing AVMs. The effects of local regulations have not been considered  

3.5 Structure of Thesis 

 

Table 1: Structure of Thesis 

The overview of the structure of the thesis is presented in Table 1, including relative lengths of 

chapters and headings under the chapters. 

Chapter I contains the motivation for the study, a brief overview of the literature and the methods 

and scope of the study, as well as relevant background information. In Chapter II, the result of the 

study – the Framework – is split into two parts. The first part lays the foundation for the final 

Framework by a literature review analysed through descriptive narrative and contrastive discus-

sion. The second part combines material from an auditing point of view, involving both positive 

and normative discussion. 

In Chapter III, the Framework is compared against interviews; the foundations of the Framework 

are tested and amended, i.e. the function of an AVM audit and how it relates to the wider picture. 

The Framework is modified as necessary, with the understanding that the interviews represent 

the views of professionals in one national market. These results are therefore kept independent 

from the results from Chapter II. In Chapter IV, several tools are proposed for future studies, with 

the aim of making the Framework more accessible to potential users. 

 Chapter / heading Length Pages

Chapter I Introduction and Research Design ● 1–11

1 Introduction ○ 1–1

2 Background and Motivation ○ 1–1

3 Construction of thesis ○ 2–5

4 Research Methodology ○ 6–11

Chapter II Building a Framework ●●●●● 12–48

5 Background on Valuation, AVMs and Auditing (Literature Review) ○○○○○ 12–27

6 An Auditing Perspective on Automated Valuation Models ○○○○ 28–42

7 Evaluating and Refining the Framework ○ 43–48

Chapter III Complementing the Framework (Empirical) ● 49–61

8 Interviews ○○○ 49–60

9 Framework Modification Summary ○ 60–61

Chapter IV Communicating the Framework ● 62–65

10 Proposing Ideas for Tools for an Auditor ○ 62–65

Chapter V Conclusions, Discussion and Summary ● 66–68

11 Conclusions ○ 66–68

12 Summary ○ 68–68
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4 RESEARCH METHODOLOGY 

4.1 Research Approach 

It is important for the researcher to understand and explicitly recognise the used research meth-

odology, as it will have an impact on the results and is thus likely to affect the realisation of the 

goals (Pihlanto, 1994, p. 2; Creswell, 2009, pp. 61-64). These methods are called research ap-

proaches or, on a more detailed level, often called strategies of inquiry (Creswell, 2009, pp. 176-

177). In this instance, one could argue that the right choice of a research methodology is even 

more important since the purpose of the study is both to design a tested orientation Framework 

and to lay the foundations for additional research. 

Due to the relative disparity of information, it is likely that combining the researcher’s experience 

will allow for more effective research and a higher quality outcome, effectively complementing the 

pragmatic philosophical view with a hermeneutic one. In management literature, hermeneutic re-

search – a qualitative approach emphasising subjective interpretations of the object of research – 

is contrasted with nomothetic research, which is based on rigorously objective analysis emphasis-

ing the use of control groups and quantitative methods (Pihlanto, 1994, p. 2). The use of a herme-

neutic approach allows for an efficient means of acquiring the deep social reality of the actors be-

ing analysed (Pihlanto, 1994, p. 5; Kasanen, et al., 1993, p. 251) 

Whilst viewing a topic from the broad philosophical confines of pragmatic hermeneutic research 

would allow us to analyse the topic freely, such a general approach is unable to supply us with the 

more rigorous tools needed to evaluate the success of this research. To improve the focus, one 

could emphasise hermeneutic views by choosing an interpretive approach, a highly contextualised 

method that gains added value and insight from the interaction with the researcher (Lukka & 

Modell, 2010, p. 464). However, Lukka & Modell (2010, pp. 474-475) fail to see a quick solution to 

the validity issues the method is currently facing, and bringing the researcher too close to the sub-

ject may impair the generalisation of the resulting Framework. 

The constructive approach, an inherently pragmatic alternative, has lately gained momentum, es-

pecially in Northern Europe, following a well-received publication by Kasanen, et al. (1993). The 

constructive approach is a design-oriented framework that focuses on deliberately designing an 

artefact or exploring deliberately designed artefacts with an emphasis on testing the implementa-

tion of the artefact (Piirainen & Gonzalez, 2013). Whilst a constructive approach would be a well-

suited for a more advanced phase of the topic of this thesis, for example constructing a step-by-

step manual on auditing AVMs, an inherently better match for addressing this research is the 

broader, overlapping (Piirainen & Gonzalez, 2013, p. 227) design science research approach. 

Design Science Research (DSR) is a problem-solving paradigm pushing innovations ideas, prac-

tices, technical capabilities and products with an inherently utilitarian view (Piirainen & Gonzalez, 

2013, pp. 212-213). Drawing on Thomas S. Kuhn’s 1962 work, The Structure of Scientific Revolu-

tions, its origins are in the social sciences, stemming from the need to contribute to the body of 

knowledge while solving practical problems; DSR has been thoroughly researched in, while not 
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limited to, the application of information systems (Vaishnavi & Kuechler, 2004). Although at first 

glance the method may appear removed from this research subject, the background is particular 

suitable to auditing AVMs as DSR promotes practical improvements on the body of knowledge of 

artificial, i.e. man-made, often contextual constructs while emphasising repeatable procedural vig-

our for the analysis of informational evidence (Gleasure, 2014, pp. 99-100). 

Compared to a more puritanistic hermeneutical approach, DSR draws upon the established 

knowledge base for meta-artefacts, frameworks, methods and expertise to derive its answers; ad-

ditionally DSR proposes utility-providing tested new artefacts through a process of abduction, de-

duction and finally reflection and abstraction (Vaishnavi & Kuechler, 2004). Furthermore, there 

remains an active discussion on the underlying philosophical foundations of DSR (Piirainen & 

Gonzalez, 2013, pp. 219, 224). This discussion is resonated by a statement agnostic to the founda-

tions: “truth and utility is inseparable” by Hevner, et al. (2004, p. 80), highlighting that all artefacts 

with utility have truth to them and all truths have opportunity for utility, only requiring a connect-

ing theory. Thus, one could postulate that the research is successful merely on the basis of whether 

the artefact provides utility. In addition, DSR is seen as addressing the relevancy issues of academic 

management theory, by suggesting tested and grounded technological rules in organisational stud-

ies that lead to social innovations (Aken, 2004). Piirainen & Gonzales (2013) identify multiple dif-

ferent views on the function of DSR: not all research ends in an artefact; sometimes the result is a 

meta-artefact (Hevner, 2007). Recently the use of meta-artefacts has been further explored by 

Gleasure (2014) by making a case for using DSR for purely design theorising work. 
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Figure 1: Three Cycle Views to Design Science Research (adapted from Hevner, 2007, p. 88) 

The literature provides multiple ways to present DSR graphically. One of the more illustrative ways 

is the three cycles view by Hevner (2007), as adapted and shown Figure 1 

In the design cycle the researcher is evaluating the artefact against the needs that have been col-

lected from the environment by the relevance cycle, and employing methods carried from the 

knowledge base by the rigor cycle.  (Hevner, 2007) 

The relevance cycle is driven by the researcher’s motivation to improve the environment with ar-

tefacts. The environment (context) provides not only the requirements – or signals for potential – 

of the research, but also the eventual acceptance criteria for the results. The produced artefact is 

analysed in the field using field methods such as action research. If the field study find the artefact 

to be deficient, the artefact may be returned to the DSR for additional iterative cycles. (Hevner, 

2007) 

DSR’s rigour cycle draws upon the application domain’s experiences and expertise; artefacts, 

meta-artefacts and processes; and finally the vast base of scientific theories and engineering meth-

ods (Hevner, 2007). This rigorous phase of research separates DSR from non-academic activities 

such as consultative work. However, some authors have voiced that this requirement for DSR may 

be too restrictive (Hevner, et al., 2004, p. 4; Gleasure, 2014, p. 100). Similarly, once the DSR phase 

has been completed, extensions of the theories and the methods as well as experiences from re-

search and field-testing, including any meta-artefacts, can later be added to the knowledge base 

for future use (Hevner, 2007). 

In this research, DSR was identified as particularly suitable as not only does it provide the rigorous 

framework for research on auditing – a field with a systematic approach to information – but also 

allows the use of the same framework in subsequent research objectives with more normative 

involvement in automated valuation models, a type of information system of its own. 
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4.2 Research Structure and Verification for Reliability and Validity 

The primary data collection phase is presented in the first and second parts of Chapter II; through 

a literature review, material is considered through an abductive strategy of discovery and infer-

ence (Paavola, 2004), enabling the researcher to form common themes for auditing AVMs that 

might otherwise be challenging to form due to the fragmented nature of the available material. 

Starting from the mid part of Chapter II, the study progressively includes more inferences by the 

researcher, requiring adherence to established research methods in order to avoid undermining 

the construct validity of the work. The contents of the thesis and its relation to the research pro-

cess is presented in Figure 2. 

 

 

Figure 2: The research structure and process employing design science research. (Adapted from 

Takeda, et al., 1990; Vaishnavi & Kuechler, 2004; Peffers, et al., 2007) 

As the Framework (artefact) was being developed, it was tested against the researcher’s own back-

ground and experience. As the researcher has had exposure to the international environment, bias 

should be lessened and thus potential external validity issues should not detract too greatly from 

the results of the work. In addition, the Framework was tested by interviewing six professionals 

in Finland who presented three different perspectives on auditing AVMs: the AMV user-creator 

view; the real estate consultancy view; and the assurance services provider view i.e. organisations 
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that provide e.g. traditional accounting auditing services. The results of this testing of the Frame-

work are evaluated and improved upon using a mix of the interviewer’s own observation-based 

deduction of the replies and the joint abductive process of subsequent discussion between the 

interviewer and interviewee. The resulting modifications and addendums are included in the re-

search process using the chosen research method processes. It is to be noted, however, that these 

views may represent only a small Northern European nation and thus may not be representative 

of the discipline as a whole – a concern also voiced by several of the interviewees themselves. 

Accordingly, the Framework modifications are presented under a separate heading, separated 

from the body of the study. 

The collected literature and other material were coded according to three themes: modelling, val-

uation and auditing (testing), with emphasis given to material where two or more of the themes 

overlap. The material was further analysed and identified for their design features: whether the 

material is standard setting (normative), educational/supplemental (positivistic), regulative (au-

thoritative) or guiding (informative/discursive). The material identified as most useful is pre-

sented under heading 5.4. 

Due to the moderately untested academic skills of the researcher, the relatively heterogeneous 

material and by limiting the testing to one interview round in a single nation, reliability may be 

impacted to a degree. Multiple, iterative rounds of field-testing using the DSR framework could 

mitigate potential reliability issues. However, one can be confident that this research nevertheless 

provides a valuable addition to the relatively novel task of auditing AVMs and any subsequent re-

search that may arise from this topic. 
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4.3 Interview Methodology 

The main body of this research is based on a literature review and the Framework that is created 

as a synthesis of the review. The use of interviews arises from the need to demonstrate the quality 

of the research process and the results. The identified DSR-specific quality components are the 

verification of the established framework (the artefact) and testing the framework with feedback 

(Piirainen & Gonzalez, 2013) whilst improving the reliability, validity, rigor, creditability and trust-

worthiness, plausibility and transferability of the research method, i.e. features of research pro-

cess to demonstrate excellence (Roulston, 2010, p. 83). In addition to testing the established 

Framework, combining the interview results with the Framework allows for what can be called 

methodological triangulation, a method using multiple sources of information (Roulston, 2010, pp. 

84-86). In this study, the sources are the academic literature review; review of news articles; pub-

licly available cases; interviews; and, in limited cases, the experiences of the researcher. Choosing 

multiple sources will not necessarily improve the study by convergence, as multiple views can be 

irreconcilable to a large extent due to the complexities of the qualitative process as argued by Kin-

cheloe & McLaren (2005, p. 319). However, while in agreement with the previous argument, 

Roulston (2010, pp. 84-86) does see the value in using triangulation, as multiple sources and dif-

fering world views allow the researcher to highlight potential inconsistencies and contradictions 

– and the analysis of these inconsistencies and contradictions may result in the researcher forming 

more plausible explanations. 

Indeed, Fontana & Frey (2005, p. 696) present that it can be convincingly argued that, to a degree, 

the interview is always a collaborative effort as the interview is an active process. Fontana & Frey 

also show that it is important that the interviewer recognises his or her role in the process as the 

interviewer, as supported by Creswell (2009, pp. 177-178). The selection of multiple viewpoints 

and non-aligned backgrounds does not allow for a strictly structured interview. In addition, a high 

degree of context is required for carrying out the interviews effectively, whereby the interviewer 

in this study must reflect on the answers using the interviewer’s own background and experiences. 

Thus, a constructionist conception of interviewing was chosen as the most suitable method to con-

duct the interviews.  

Constructionist conception works particular well as is not critically dependent on the level of 

training of the interviewer. The method also allows for the semi-structured method of interview, 

where asking expansive questions can be used to direct the interviewee to discuss topics in which 

he or she has been identified as holding superior knowledge. The method also allows the inter-

viewer to evaluate, for example, the relative emphasis or level of certainty of the replies from the 

interviewee’s speech tonality and rhythm. The researcher in the position of the interviewer also 

analyses his or her own involvement in the interview, just as analysing the interviewee. In effect, 

the interviewer co-constructs data with the interviewee. (Roulston, 2010, pp. 60-63;88-89) 

More detailed information on the interviews can be found in Chapter III. 
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CHAPTER II –  BUILDING A FRAMEWORK 

5 BACKGROUND ON VALUATION, AVMS AND AUDITING 

(LITERATURE REVIEW) 

The following section offers perspectives on the background of professional valuation, automated 

valuation models and auditing. This research is based on a literature review. Under heading 6, An 

Auditing Perspective on Automated Valuation Models, these different domains are synthesised 

into a more practical perspective for AVM auditing, including increasing amount of inference and 

conjecture by the author of this thesis. 

5.1 Real Estate Valuation 

The real estate valuation profession is typically regulated by local legislation, requiring valuation 

professionals to be licenced, or certified, in order to perform certain valuation tasks. By far the 

most commonly used international standard is the International Valuation Standards (IVS). The 

Royal Institution of Chartered Surveyors (RICS), a standard in accordance with IVS, is slowly gain-

ing a foothold in Europe. In North America, the authoritative standard is the Uniform Standards of 

Professional Appraisal Practice (USPAP). In addition, there is a multitude of national standards 

with varying significance to the local valuation profession. In Europe, real estate valuation is com-

monly termed (real) property valuation. 

Valuation work normally entails the valuation of a real property, and the rights attached to it, or 

the valuation of the rights through an investment vehicle such as a mutual real estate company or 

limited partnership. Property valuation work can range from valuation of detached houses to the 

valuation of going concerns, such as hotels, with a more notable intangible value attached. Profes-

sional valuers typically also carry out the independent evaluation and assurance of property val-

uations made by other parties. Regulatory frameworks, such as ones relying on International Fi-

nancial Reporting Standards (IFRS), also recognise professional valuers as the discipline that has 

the necessary competence to give an independent statement (IFRS, 2015). 

5.1.1 International Valuation Standards Council 

The International Valuation Standards (IVS) have been set by the International Valuation Stand-

ards Council (IVSC) in response to the need to harmonise national valuation practices. IVS pro-

motes generally recognised concepts and principles and offers guidance on their applications.  

IVSC also publishes works aiming to develop expertise in the valuation field. One such publication 

is of particular interest to this study; IVSC’s A Guide to the Audit Process for Professional Valuers 

(2013b). IVSC is an independent, not-for-profit private sector organisation serving the public in-

terest. (IVSC, 2013a) 
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5.1.2 Royal Institution of Chartered Surveyors 

The Royal Institution of Chartered Surveyors (RICS) is a United Kingdom based standard setting 

body producing both global and UK editions of the RICS professional standards. RICS standards 

are compliant with IVS and expand on a range of issues in professional valuation. Especially the 

local UK edition is far more detailed than the more generalised IVS, but still remains largely prin-

ciple-based, allowing translation to a wide range of topics, including auditing AVMs. Despite its 

origins in the UK, RICS has grown to have operations across the globe and is quickly becoming a 

recognised international standard in its own right. Whilst IVSC has thus far produced only a cur-

sory guidance notice on AVMs, such as the guidance note on mass appraisals (IVSC, 2005),  RICS 

(2013) is the first of the international valuation standards to offer a more complete, if still tenta-

tive, overview of AVMs in their information paper Automated Valuation Models (AVMs). 

5.1.3 Independent Statements in Real Estate Valuation 

In real estate valuation, the use of independent statements has a long tradition, often required by 

local and international financial reporting standards (Nistoroiu, 2010). IVSC includes it under 

Guidance Note No. 11 (GN 11) in the International Valuation Standards (IVSC, 2013a), under the 

heading Reviewing Valuations, and RICS under paragraph 9, under the heading Reviewing another 

valuer’s valuation.  

In GN 11, IVSC recognises the following definitions for reviewing the scope of valuation: Valuation 

Review, Administrative (Compliance) Review, Technical Review, Desk Review and a Field Review. 

Common to all of the definitions of scope is the implicit assumption that the valuation is carried 

out traditionally, i.e. one evaluates the judgements, choice of methodology and reasoning behind 

conclusions made by the original valuer – in addition to the more universal tasks of checking data 

quality, valuation regulation compliance and the accuracy of calculations. The International Valu-

ation Standards, although describing independent opinions in detail in GN 11, does not recognise 

a valuation audit. 

RICS, however, points out the differences between a critical valuation review, an audit of a valua-

tion and an independent review, but fails to elaborate on what, precisely, is meant by an audit of a 

valuation. This audit of a valuation can be understood either as being carried out as a part of fi-

nancial reporting audit, or as being an entirely separate process auditing service: such as a service 

offered by e.g. Deloitte (2014) in response to the new EU AIFM directive that is discussed under 

heading 0. 

Nistoroiu (2010) identifies the typical valuation review, the desk review, as largely a cost element, 

but also recognises that an organised valuation review and the communication of the review have 

been shown to improve valuation qualities and hence reduce the number of rejected valuations 

dramatically; thus valuation reviews, when properly carried out, can result in reducing overall 

costs by ensuring the overall quality of valuations. 
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5.2 Automated Valuation Models 

The term automated valuation model entered the main stream only during the very last years of 

the 20th century. Prior to that, similar, if not identical methods were described as computer as-

sisted mass appraisal or merely as mass appraisal. Currently, academics and practitioners use the 

term automated valuation model to emphasise the high degree of automation of the process, even 

if the models typically are not entirely without human interaction.  

Based on descriptions on the various use of AVMs (Downie & Robson, 2007; RICS, 2013; CATC, 

2009; CoreLogic, 2011; IAAO, 2003), the core principle of an AVM is that the valuation is produced 

by the model and thus remains objective and independent of the personal views of the model op-

erator. Additional terminology are offered when a professional valuer giving a market value esti-

mate combines AVMs with the valuer’s own professional judgement. This is an important distinc-

tion to make, as some regulatory bodies do not allow the use of AVMs without the express judge-

ment of professional valuers (RISMedia, 2011; Robson & Downie, 2009, pp. 20-22). In appraiser-

assisted AVM (AAVM) – or valuer-assisted AVM – the value estimate is produced by the model but 

ultimately relies on the judgement of professional valuer, whilst in AVM assisted-appraisal the 

professional valuer carries out the valuation using the valuation model as one of the many tools to 

produce a value estimate (IAAO, 2003, p. 30; Downie & Robson, 2007, p. 58; RICS, 2013, p. 21).  

In their paper on AVM accuracy testing, Rossini & Kershaw (2008) also identified the existence of 

multiple, potentially divergent definitions of an AVM. The diverse concepts of AVMs may be due to 

different regulatory environments, historical practices or the time period. Next, let us explore 

some of the definitions of automated valuation models, as such definitions alone can offer some 

valuable insight into the present interpretation of AVMs and their use. 

According to the Interagency Appraisal and Evaluation Guidelines (Federal Deposit Insurance 

Corporation, et al., 2010), a joint effort by multiple US governmental bodies, an Automated Valua-

tion model is 

”A computer program that estimates a property's market value based on market, eco-

nomic, and demographic factors. Hedonic models generally use property characteristics 

(such as square footage and room count) and methodologies to process information, of-

ten based on statistical regression. Index models generally use geographic repeat sales 

data over time rather than property characteristic data. Blended or hybrid models use 

elements of both hedonic and index models.” 

This definition, while published relatively recently, is nevertheless already somewhat dated, show-

ing its age by specifically including hedonic models and regression modelling in its definition. 

More advanced methods used in AVMs, such as artificial neural networks (ANN), do not always 

employ property characteristics in the transparent and intuitive way of typical hedonic models 

(Peterson & Flanagan, 2009), and thus may lack the independent revealed preference (Rosen, 

1974) critical to the definition. In fact, in some brief academic forays into the field of ANNs, the 

hedonic background is either not mentioned or may be contrasted implicitly (Moore, 2006, p. 1) 

as alternatives. Furthermore, the extensive use of repeat sales data is limited to only a few coun-

tries, the most prominent being the USA, and the assumption that modern index models are free 
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of property characteristics is outdated, as discussed e.g. in Handbook on Residential Property 

Prices Indices (Eurostat et al., 2013, pp. 66-70). 

By not confining itself to established practices, the International Association of Assessing Officers’ 

(IAAO) definition (2003, p. 32) was ahead of its time and is still relevant and reasonably compre-

hensive. In addition, one can only commend IAAO over the inclusion of two critical factors that do 

not appear to get enough attention: the source material and the person(s) behind the model. How-

ever, when taken out of context, the definition’s emphasis on mathematical modelling may lead to 

confusion as use of mathematical tools is in no way unique to AVMs. The IAAO AVM definition is 

as follows: 

”An automated valuation model (AVM) is a mathematically based computer software 

program that produces an estimate of market value based on market analysis of location, 

market conditions, and real estate characteristics from information that was previously 

and separately collected. The distinguishing feature of an AVM is that it is a market ap-

praisal produced through mathematical modeling. Credibility of an AVM is dependent on 

the data used and the skills of the modeler producing the AVM.” 

More recent definitions, however, have changed in nature. Take for example the definition by Eu-

ropean AVM Alliance (European AVM Alliance, 2013) stating that an AVM is “A system that pro-

vides an estimate of value of a specified property at a specified date, using mathematical modelling 

techniques in an automated manner.” And equally, the definition by RICS (2013): 

“A model that uses one or more mathematical techniques to provide an estimate of value 

of a specified property at a specified date, accompanied by a measure of confidence in 

the accuracy of the result, without human intervention post-initiation.” 

A common theme in these more recent definitions is that they are cautious in including any par-

ticular method or constrictive description in the rapidly developing field of automated valuation. 

Council of Mortgage Lenders Research (Downie & Robson, 2007) equally avoids restrictive details 

in their more expanded definition of AVM. Although most papers and reports on AVM have bold 

visions of standardisation, few include it in their definitions. In effect, they are merely reflecting 

the past state rather than looking to the future and using more normative wording. Indeed, Kauko 

& d’Amato are adamant (2008, pp. 2, 322) of the value of standardisation and go as far as including 

it in their concise definition of mass appraisal: "Mass appraisal may be defined as a systematic ap-

praisal of groups of properties using standardized procedures".  

Whilst an analysis of the definitions can be considered a captivating exercise by itself, it does prove 

a point: that definitions are as heterogeneous as the AVMs they are trying to define. For the pur-

pose of this study, the following definition is proposed: 

Automated Valuation Model is a system that produces an operator-independent value estimate based 

on input data and pre-set modelling algorithms. 
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The term [open] system has been selected as it implies a structured artefact with multiple inputs 

and outputs. Thus whilst the system produces results independent of the operator, it is still de-

pendent on the quality of the input data. Also, the term pre-set is included to emphasise the fixed 

nature of the operator independent modelling algorithms when the AVM is in operation. 

5.2.1 Automated Valuation Models – a hot topic for the beginning of 21st century  

The frenzy surrounding AVMs in the very beginning of 21st century was palpable, especially in low 

margin applications such as mortgage financing. The enthusiasm was quickly tempered by the 

2007 sub-prime mortgage crisis and the ensuing financial crisis. A new theme arose around 2008 

and 2009 as regulators were increasingly voicing their concern over the accuracy and transpar-

ency of valuations, whilst practitioners reacted by both lauding the ability of AVMs to produce near 

instant values in a volatile market as well as by suspending their use entirely – citing uncertainty 

in the market and questioning the timeliness of the data upon which the AVM models are based 

on (Downie & Robson, 2007; Witherspoon, 2008; Holt & Martin, 2008; Mooya, 2011).  

A UK study (Robson & Downie, 2009), one of the few thorough studies on the use of AVMs, revealed 

that 36 % of professional UK valuers had used AVMs whilst only 20 % stated that they had no 

knowledge of AVMs – a relatively small percentage considering the short period AVMs had been 

in use by the time the study was conducted. According to the same study, almost twice as many UK 

valuers stated that they benefitted from the use of AVMs compared to those who do not. 

Analysing the available material further, practically all studies and articles agree that the quality 

of AVM models is justifiably improving and that their use in business is expanding. Academics, 

such as Kauko & d’Amato (2008, p. 2), see an opportunity to include minute ecological, environ-

mental and cultural hedonic variables that might otherwise be ignored in traditional valuation. 

However, many instances could not be more vocal in showing their reservations: “they must be 

reviewed to determine if their outputs are reliable, and accurate.” (Appraisal Institute of Canada, 

2002)  

Multiple oversight bodies have identified this lack of trust in quality and the need for auditing. 

Darrin Benhart from the Office of the Comptroller of the Currency (OCC) in the US is concerned 

over the selection of appraisal companies as well as their work relying on AVMs.  More damning, 

he states that [AVM] appraisal products claim to comply with guidelines but “lack even the basics”, 

with printouts of AVMs used in loans without an accompanying evaluation or analysis (Berry, 

2013). This emphasis on speed and cost saving appears to be a wider concern with the current 

use of AVMs, some even going as far as suggesting that AVMs have played a major role in the road 

to the sub-prime crisis (Mooya, 2011, p. 2267). 

Indeed, there is plenty of disagreement over the accuracy of automated valuation models com-

bined with calls for increased scrutiny even by suppliers of AVM valuations themselves (RISMedia, 

2011; Allen, 2013). In the US, where there are multiple AVM suppliers offering services in the same 

region, the issue of ‘shopping around’ for value can arise, i.e. choosing the model based on the 

value that is the most advantageous to the buyer of the AVM services (RISMedia, 2011). In practical 

application of AVMs, another issue recently identified is the inclusion of factors with undue weight, 
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e.g. the inclusion of the past or current listing price of the property being valued, or including past 

valuations of the property that were perhaps based on incomplete information – in other words, 

material that a professional valuer might disregard (Allen, 2013). Mooya (2011, pp. 2277-2280) 

goes as far as concluding that both AVM and traditional valuation profession are based on false 

ontological assumptions, and thus the discussion goes beyond contrasting AVMs and traditional 

valuation in the existing framework. 

Unsurprisingly, much of the regulatory and academic discussion is concerned with lack of trans-

parency in commercial AVMs, calling for more rigorous tests and auditing, with the emphasis that 

the modelling specifications should be clear and transparent, especially if questioned in court 

(Appraisal Institute of Canada, 2002; Rossini & Kershaw, 2008; Downie & Robson, 2007; IAAO, 

2003). Increasing regulation has not yet resulted in an increase in transparency, but it has 

spawned new hybrid products that combine AVMs with property condition reports and third party 

property inspections. In these hybrid products, all relevant information is routed to a licensed or 

certified valuer, who then makes the judgement call on choosing the most suitable valuation 

method (Dickstein, 2014). 

Despite unabated suspicion, AVMs are nevertheless gradually expanding to increasingly promi-

nent applications in the field of property valuation. A sudden shortage of property valuers in the 

UK has forced the application of AVMs in transactional residential valuations, as traditional valu-

ations have a lead-time of up to 20 weeks (Bagshaw, 2014; Ray, 2014). Of the banks adopting this 

type of AVM use, Santander has publicly pledged (Ray, 2014) not to ‘down-value’ a property due 

to the use of AVMs – a crude method to mitigate the perceived risk of using AVMs (Downie & 

Robson, 2007, pp. 58-59; Fitch, 2007) that has practical implications for clients when selecting 

between valuation methods. Also in other countries, such as in Australia (Elliott & Warren, 2005), 

AVMs are identified as an alternative to traditional valuation methods, not due to any inherent 

advantages of AVMs, but due to the lack of experienced valuation professionals. Thus, one of the 

identified main drivers of AVM expansion today is not the improvement in any particular charac-

teristics of AVMs, but rather the lack of alternatives. 

5.2.2 Current knowledge frontier 

Most automated valuation models that are in use are commercial and their exact model parame-

ters are not public knowledge; however, major operators such as CoreLogic (US) and Hometrack 

(UK) state that they use regression analysis amongst their many modelling methods. A typical AVM 

regression model would employ multiple linear regression using ordinary least squares (OLS) 

methods with transformations such as log-linear. These regression-based models are also used by 

the academic community as the benchmark against which to compare new, emerging methods in 

automated valuation. Due to their tested and well-understood mechanics, these traditional meth-

ods are also favoured by established academics in AVMs (Kauko & d'Amato, 2008, pp. 4-6). 

New emerging methods have been the focus of current research in AVM, with no clear conclusion 

in terms of their practicality. One such method is Artificial Neural Networks (ANN), which – despite 

some constructive scepticism (McGreal, et al., 1998) – shows promise across much of the academic 
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literature (Peterson & Flanagan, 2009). However, the authors who see potential in ANNs also con-

tend the black box nature of the system and its likely inhibiting effect on the wider adoption of 

ANN (McCluskey, et al., 2013). Other, alternative but closely related methods have been proposed 

such as the thematically related Fuzzy logic, or genetic algorithm based systems, which might be 

best described concisely by Gonza les (Kauko & d'Amato, 2008, pp. 183-192). In addition, a number 

of other methods of particular interest are being studied, such as Pattern modelling and a bound-

ing rough set theory (Kauko & d'Amato, 2008, pp. 203-252), especially if the application is beyond 

the traditional value estimate. 

In addition, there have been further studies on expert systems, a term with a definition that some-

what overlaps with automated valuation models. Older material on expert systems kept a more 

open mind, basing their rough conceptualisation e.g. on decision trees (Scott & Gronow, 1990; 

Czernkowski, 1990), while newer material explore specific methods similar to AVMs, such as arti-

ficial neural networks, or otherwise concentrate on specific methods such Bayesian application of 

sales adjustment grids (Kilpatrick, 2011). Expert systems in the real estate field typically aim to 

emulate a professional valuer, making use of mixed methods, including probabilities, fuzzy logic, 

neural networks and traditional methods to make sense of sporadic and incomplete information 

including all its inefficiencies (Scott & Gronow, 1990; Czernkowski, 1990). These heuristic meth-

ods have traditionally been very experimental, but tools for testing and validating some of these 

models are analysed and improved by authors such as Kilpatrick (2011). Although today’s more 

complex non-OLS and mixed methods based AVMs could perhaps be classified as expert systems 

in the most limited sense, it is unlikely that a true expert system will arise in the coming years – 

despite recent advances in academia. In expertise, there is, therefore, no imminent rival to the 

seasoned valuation professional. 

5.2.3 Accuracy of AVMs and their advantages and disadvantages over traditional valuation 

The accuracy of residential AVMs has been studied in numerous research publications, often ap-

plied to a small area, and comfortably reaching typical valuation accuracy. This same conclusion 

was reached in a broader examination by Rossini & Kershaw (2008) who state that AVMs can reach 

very accurate results, but these typically remain ‘one-off situations’ and that commercial AVM pro-

ducers are likely to resort to more generalised models.  

While most sources analysing the accuracy of AVMs are in unison (Mooya, 2011) over the signifi-

cant impact the quality of the source data and the homogeneity of the area to which the AVM is 

applied to, other potentially critical factors behind AVMs seem to be rarely examined – possibly 

due to experienced AVM specialists considering such factors to be ‘obvious’. In his article Perfor-

mance Comparison of Automated Valuation Models, Moore (2006) demonstrated that by running 

multiple AVM models side-by-side, the results are highly dependent on the methods and the model 

specification chosen by the modeller and confirmed IAAO’s (2003, p. 32) statement that the “Cred-

ibility of an AVM is dependent on the data used and the skills of the modeler producing the AVM”. 

This is of particular concern if turnover among key employees leaves an otherwise accurate, well-

tested AVM crippled by a change in market climate or in expanding the model to new areas or 

wider application. 
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Analysing multiple valuation methods, Pagourtzi, et al. (2003) explain that despite their findings 

that the classical comparable methods is an accurate and reliable valuation method – even when 

compared to more modern contenders – many researchers have voiced concerns over the reliabil-

ity of the subjectivity involved in the process of variable selection. A lack of subjectivity is com-

monly considered one of the key advantages for using AVMs. The issue of valuer-subjectivity is 

also prominently present in the definition of AVM by Council of Mortgage Lenders (CML) Research 

(Downie & Robson, 2007, p. 10), stating, “… methodology aims to guarantee an objective valuation 

without appraiser subjectivity or bias.” Kauko and d’Amato (2008, p. 2) argue that multiple re-

gression-based automated valuation models may be the standardised approach to valuation in 

cross-border valuation by using the "recognized scientific standards in statistical applications", as 

set out in the IVS standards. 

CML Research also includes the statement “…the competitive advantage of speed and low cost.” in 

its definition of AVMs, while (perhaps purposefully) avoiding linking the statement with the notion 

that AVMs would inherently provide lower quality valuation than other methods of valuation. The 

fallacy that fast and cheap would always equate to lower quality outcomes is further expanded on 

by Rossini & Kershaw (2008, p. 2) noting the harsh treatment of AVMs by some national regulatory 

bodies that appear to base their views on the current selection of less-than-perfect commercial 

AVMs. Other instances, such as the influential IAAO (2003), conceptualise AVMs similar to profes-

sional valuation, free of fundamental or intrinsic flaws – basing the ultimate functionality of the 

AVM on the thoroughness and quality of the processes and skills of the people involved, much like 

any other profession requiring expertise. This is also the conclusion of Mooya (Mooya, 2011), con-

cluding after thorough research that there are no theoretical or practical reasons why AVMs 

should not eventually replace traditional valuation entirely. However, despite the opportunity to 

create quality AVMs that generally reach better than typical valuation accuracy, many overseeing 

bodies are reluctant to distinguish between the various AVMs, relegating AVM use to low risk anal-

yses or as tools complementing a professional valuer’s work (Appraisal Institute of Canada, 2002; 

FCA, 2005). And while other bodies may appreciate the value of AVMs in more stand-alone appli-

cations, they ultimately assign all responsibility to professional valuers (Federal Deposit Insurance 

Corporation, et al., 2010; RISMedia, 2011; FCA, 2005). 

5.2.4 Exploring Current Use of AVMs  

At present, AVMs are commonly used in USA, Canada, Australia and several EU member countries 

such as UK and Denmark. AVMs are also seen as an effective response to European Banking Au-

thority’s asset quality reviews (Brucato, 2015), which may gradually lead to more interest in other 

EU member countries. 

By far the most common application of AVMs appears to be in the mortgage industry, where AVMs 

are used autonomously in risk assessments, evaluating existing loans, refinancing and more re-

cently to perform transaction valuations in loan negotiations for new homes. Their use in the 

mortgage field is increasing, with systems allowing for instant mortgage applications and tools for 

Basel stress testing purposes (Catt, 2007). In a UK study (Robson & Downie, 2009), the authors 

state that while automated loan applications systems are the primary use of AVMs, their use is 

increasing in other application areas. 
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Multiple instances do not recognise the role of AVMs as an autonomous producer of market values, 

but rather require the professional opinion of a surveyor. However, some sources do admit that a 

more definitive use of AVM in valuation hinges upon the quality of the model and the skills of the 

AVM modeller (Downie & Robson, 2007, pp. 19-20). This suggests that the notion of AVMs being 

suitable for less critical tasks such as mortgages valuations, tax value assessing and portfolio anal-

ysis is not so much due to AVM methodology as such, but rather the result of the typical quality of 

the available AVMs. In fact, it appears generally accepted in the academic field that AVMs are able 

to produce equal, if not higher quality valuations than professional valuers, as stated by e.g. Mooya 

(2011) – even if currently in relatively limited applications (e.g. Jensen & Reifler, 2010). 

Even in the most established use of AVMs, they appear not to be fully trusted however. For exam-

ple, rating agencies such as Fitch and Standard & Poor’s systematically apply ‘haircuts’, i.e. reduce 

AVM estimated values by some fraction, when giving their estimates of default risk. This is in con-

trast to value estimates by valuation professionals that are not adjusted down in this manner (CML 

Housing Finance, 2004, pp. 28-29; Downie & Robson, 2007, pp. 55-59; Catt, 2007; Rossini & 

Kershaw, 2008, p. 3). However, with the wider adoption of AVMs in the US, the use of haircuts was 

reduced due to better functioning AVM models and by the assumption of improved general 

knowledge of the risks in regards to the use of AVMs (Downie & Robson, 2007, pp. 58-59). Another 

potential reason for ending the use of AVM specific haircuts was the imposing of general haircuts 

after the sub-prime mortgage crisis irrespective of the valuation method used (Gorton & Metrick, 

2010, pp. 507-508). 

Taxation is another typical AVM application (Mooya, 2011; Downie & Robson, 2007), again illus-

trating the use of AVMs in predominantly lower-risk functions. Whilst the regulatory environment 

can be considered restricting, some AVM producers see it as an opportunity to create more AVM 

tools to assist conforming to these regulations, such as loss given defaults modelling, Basel capital 

requirements, mortgage covered bonds, loan portfolio trading and non-performing loan manage-

ment (Brucato, 2015). 

5.3 Auditing 

Auditing practice originated in the 12th century due to the need for checks on accounting for stocks 

and revenues. Auditing further developed in the early 1800s industrial revolution, largely to what 

we recognise today as auditing. Even in the early years, conformance to regulations was only a 

subset of the requirements of a properly carried out audit, emphasising the auditor’s evaluation 

of the true and fair view of the company’s statements. Over time, auditing has become more pro-

fessional in nature and audits have expanded from covering balance sheets to also covering finan-

cial and other statements in the late 20th century, adding the more principled criteria present in 

modern auditing standards to the detection of fraud, technical errors and errors of principles that 

have been at the core of auditing for centuries. (Cosserat, 2004, pp. 3-5). 

The American Institute of Certified Public Accountants (AICPA) special committee, formed in 

1991, pushed the diversification of audits from financial statement to a broader range of assurance 

service. Auditors began identifying irregularities and business risks, as well as advising on internal 
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controls (Cosserat, 2004, pp. 8-10). The expansion of auditing practice to multiple areas and ap-

plications has been rapid with many instances calling for accountability and transparency in fields 

such as real estate and investment. For new classes of audit, such as AVM audits, the definitions 

are poor or non-existent. One traditional classification that may be used in auditing AVMs are com-

pliance audits, which “involves obtaining and evaluating evidence to determine whether certain 

financial or operating activities … conform to specified conditions, rules or regulations” (Cosserat, 

2004, p. 21). 

Power (London School of Economics), an influential figure in the field of auditing, recognises the 

expansion of audits with multiple journal articles and books under the theme of ‘audit explosion’ 

(e.g. Power, 1994) attributing to increased regulation and calls for transparency. Pentland (2000) 

analysing Power’s and competing authors’ works not only confirmed the multitude of auditing 

categories, but also identified the lack of a comprehensive study on the different auditing fields, 

suggesting an extensive ethnographic study where results were bound to be fruitful. Furthermore, 

Pentland (2000) draws from Power’s work to underline the notion that auditing has transformed 

the very nature of doing things, as content and processes must be made ‘auditable’, and in stream-

lining auditing processes, auditing has often become a mere ritual. Concentrating on Power’s book 

The audit society: rituals of verification, he goes on to quote the subtle, but provocative question, 

“What is the nature of assurance given by audits? Can it be observed?” (1999 cited in Pentland, 

2000, p. 310), effectively emphasising the thorny issue of obscurity in auditing practice – an argu-

ment that appears to resonate in the industry without serious challenge. 

Similarly, Kleinman, et al. (2014) note the highly critical view of the quality of auditing at an intra-

national level. However, they see the criticism as a natural result of the increasing complexity of 

business operations and the cross-use of multiple national standards, in addition to international 

ones. Klenman, et al. also note the International Standards on Auditing (ISA) to be more principle- 

and judgement-based when compared to many national standards, and may be considered a poor 

substitute to equally established national standards such as standards issued by the US AICPA. 

Even minor differences between regulatory environments create problems, especially when com-

bined with local legal and cultural norms – an issue for which no easy resolution appears to exist. 

According to IAASB’s ISA 200, "The purpose of an audit is to enhance the degree of confidence of 

intended users in the financial statements." In ISA 200 standard, an auditing opinion is considered 

thus: "In the case of most general purpose frameworks, that opinion is on whether the financial 

statements are presented fairly, in all material respects, or give a true and fair view in accordance 

with the framework." 

A more generalised definition of an audit is by International Organization for Standardization 

(2011), where an audit is a “systematic, independent and documented process for obtaining audit 

evidence … and evaluating it objectively to determine the extent to which the audit criteria … are 

fulfilled”. The part “audit criteria” is emphasised by the researcher since it is central to a successful 

audit. The audit criteria are discussed further under heading 5.3.3. 
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5.3.1 Auditing standards 

While the major established authoritative bodies in the field of auditing may seem somewhat re-

moved from auditing valuation models, they may have answers to questions that arise when eval-

uating an AVM from an auditing perspective. The goal of this thesis research is to offer the AVM 

auditor a structured overview of the information that has been identified to be relevant to carrying 

out an AVM. Below, three major auditing standard-setters that were identified to be most vital in 

auditing AVMs are presented. 

The International Auditing and Assurance Standards Board’s (IAASB) International Standards on 

Auditing (ISAs) is the only recognised major international standard on auditing when auditing fi-

nancial reports. As AVMs can be used to define the fair value or collateral value of assets, these 

AVM generated values may thus be subjected to financial reporting standards, which, in turn, may 

be subject to auditing standards. The IVSC’s A Guide to the Audit Process for Professional Valuers 

(2013b) offers a helpful summary of the valuer’s role in a financial reporting audit, what is ex-

pected of a professional valuer and the scope of the work. While the guide does not offer practical 

guidance in auditing AVMs, it should be considered essential if the need to audit an AVM derives 

from financial reporting needs as it allows AVM auditors to understand their role in the wider 

context. 

The International Organization for Standardization’s standard ISO 19011:2011 on Guidelines for 

auditing management systems (ISO, 2011) is a set of instructions on how to audit organisational 

systems that carry out the policies and objectives that have been set for the system (ISO, 2011). 

The purpose of ISO 19011:2011 is to be purely guiding and is aimed to be applicable to wide range 

of users and flexible in its use, including self-declaration and auditor training (ISO, 2011, p. V). 

Whilst it has some general applicability when auditing automated valuation modelling practices 

and processes, it is particularly valuable since it contains guidance on how to design, manage and 

conduct the audit programme itself – a management system of its own. 

Perhaps the most practical auditing guidance when auditing AVMs is the ISACA International’s 

(ISACA) ITAF™: A Professional Practices Framework for IS Audit/ Assurance, 3rd Edition (ITAF), an 

auditing standard for information systems (IS). One could argue that an automated valuation 

model is an information system, or an extension of one, even though it is not explicitly identified 

as such in academic literature. According to the ISACA glossary (ISACA, 2015), an information sys-

tem is “The combination of strategic, managerial and operational activities involved in gathering, 

processing, storing, distributing and using information and its related technologies.” Thus, the or-

ganisational methods of the system-oriented AVM process with multiple data inputs employing 

conditional rules and delivering systemised output, are particularly well suited for analysis from 

an IS perspective. It is possible, if not likely, that AVM services are fully, or partially, subjected to 

IS audits should these AVMs be housed in organisations that have existing IS audit plans in place, 

such as large IT software companies. However, while organisational and procedural analysis of 

AVM functions is an important step in auditing, the bulk of attention should be directed towards 

the evaluation of the quality of the data being used, the form of the model and the quality of the 

output of the model – elements for which ITAF (ISACA, 2014) provides incomplete guidance. 
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5.3.2 External auditing and independency 

In addition to the typical methods of organising an audit, the internal and external auditing 

(IAASB, 2013a), ISO 19011 standards (2011) also recognises the term supplier auditing, also 

known as a second party audit. A supplier audit is performed when a customer conducts an audit 

on their supplier, such as an AVM supplier. In fact, much of the available AVM testing procedures 

appear to have been largely adopted from this second party approach. However, in practice, these 

second party audits are rarely as thorough as independent third party audits, as second parties 

typically have limited access to the data; therefore, questions may arise over the independence 

and objectivity of the process. External auditing is not to be confused with the external auditor 

(IAASB, 2013a), the latter being the body which is appointed and defined jurisdictionally, chiefly 

in the field of accounting.  

Despite having different roles from a regulatory perspective, both internal and external auditing 

have the same fundamental goals: to provide transparency in working practices, establish quality 

and compliance, and to assist decision-making. The identified main differences between the two 

audits are the requirements on professionalism, robustness of the methodology and the reporting 

(IAASB, 2013a; ISO, 2011; ISACA, 2015). In addition, internal auditing is usually carried out for 

internal use only whilst an external audit report typically reaches a wider readership. When ap-

plied to AVM auditing, it is hence likely that a well-prepared report is one of the key parameters in 

successful external auditing, as it can bring much needed clarification and transparency to a typi-

cal commercial AVM. One must also consider the readership of the audit report, especially if the 

auditing report is prepared also for the public or the ordinary shareholder, e.g. when an AVM is 

used to value the assets of REITs or other publicly traded investment vehicles. 

In external auditing, it is emphasised that the auditor is neither from within the organisation that 

is being audited, nor has any relations that could potentially cause bias nor has partaken in the 

creation or modification of the audit object (IAASB, 2013a; ISO, 2011). A prerequisite of scepticism 

and judgement is the independence of the auditor (IAASB, 2012), often only truly achieved by per-

forming an external audit. To mitigate bias that may stem from lengthened customer relationships, 

auditing firms are, in some cases, rotated (Cosserat, 2004). However, according to Power (1994, p. 

25), the official view of neutrality in collecting evidence and comparing them to standards often 

does not always hold in practice. Auditors can have considerable say in the standards of perfor-

mance to which the auditee is subjected to (Power, 1994). 

5.3.3 Common concepts in auditing 

Generally speaking, each professional field has its own concept and understanding of key termi-

nology. Consequently, a particular term or concept may carry a different meaning between profes-

sional domains. Below are presented some of the most important terminology and concepts in 

auditing, how these are understood in auditing in general, and how they might be interpreted 

when auditing AVMs. 
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True and fair treatment 

The true and fair treatment, a term originating from balance sheet audits from the 19th century 

(Cosserat, 2004, p. 5), is a cornerstone in auditing and variations of the term are used throughout 

legislation and standards. It is, however, an ambiguous statement, and as Brenda, et al. (1993) 

came to conclude after analysis; it is dynamic in nature – but is mainly achieved by, and limited to, 

complying with relevant standards and being free of material misstatements. IAASB appears to 

consider the meaning of true and fair treatment being highly contextualised and the term is de-

scribed chiefly in relation to the application. ISACA uses the term fair and objective, but again fails 

to give a universal definition. While most concentrate on the true and fair treatment of the infor-

mation by the auditee organisation, ISO 19011 standards (ISO, 2011) provide the following defi-

nition of fair presentation in the context of the auditor party: 

“Fair presentation: the obligation to report truthfully and accurately Audit findings, audit 

conclusions and audit reports should reflect truthfully and accurately the audit activities. 

Significant obstacles encountered during the audit and unresolved diverging opinions 

between the audit team and the auditee should be reported. The communication should 

be truthful, accurate, objective, timely, clear and complete.” 

Compliance and conformance 

While IAASB’s accounting standards use the term compliance in the context of meeting the re-

quirements of the ISA framework, the ISO 19011 standards (ISO, 2011) clause 3.2 describes the 

use of compliant or non-compliant in regards to meeting audit criteria that have a legal basis, in-

cluding statutory or regulatory. Alternatively, based on the analysis of ISO standards (2011), ITAF 

(ISACA, 2014) and the material by IAASB (2013a; 2013b), the terms conformance and fulfilled ap-

pear to be the most suitable adjectives that are non-specific to the discipline when the audit crite-

ria are not based on statute or regulation. 

Assurance 

Assurance is a key term in auditing and is used throughout material, with its precise meaning also 

being highly contextualised. Nevertheless, it could be best described as the auditor’s evaluation of 

the certainty of the presented facts, where accuracy of findings are backed by the auditor’s repu-

tation (IAASB, 2013a/2013b; ISACA, 2014; Oxford University Press, 2015). A key point is that the 

audit can offer multiple levels of assurance, where a lower level of assurance presents lower audit 

value. Thus, it is unlikely that a typical audit will technically ‘fail’ – more likely it will not satisfy 

the need for the guarantee of reliability for which the audit was commissioned. Whereas IAASB 

(2013a; 2013b) and ITAF (ISACA, 2014) offer levels of assurance through terminology such as high 

level, moderate level or reasonable level of assurance, ISO 19011 does not identify different levels 

of assurances. Rather, the standard offers discussion in the form of audit findings and a list of con-

formities and nonconformities, leaving levels of assurance to be inferred from the final audit re-

port. Although it is important to understand the level of assurance one is willing to give, consider-

ing the available material and the resulting audit findings, it is best to communicate the auditing 

findings comprehensively to avoid misinterpretation. 
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Audit criteria 

Audit criteria are standards and benchmarks (ISACA, 2014) or “set of policies, procedures or re-

quirements used as a reference against which audit evidence … is compared” (ISO, 2011). In addi-

tion to the more extensive nature of the evaluation process, the use of criteria is one of the distinct 

features of an audit that separates it from an external statement or an opinion. Using criteria al-

lows the process to have more transparency and verifiability, and, depending on where the criteria 

originate from, a greater degree of objectivity. 

Materiality 

Materiality is “An auditing concept regarding the importance of an item of information with regard 

to its impact or effect on the functioning of the entity being audited. …” (ISACA, 2015) When eval-

uating e.g. degrees of violation of certain criteria, one should estimate the relative importance of 

the violation in regards to the functioning object of audit in its entirety. This can be done using the 

materiality concept. 

5.3.4 Scepticism and judgement 

The concept of judgement, despite its personal, subjective nature, appears to play a pivotal role in 

professionalism. In fact, it appears to be integrally connected also with the introspection and eval-

uation of one’s own objectivity and the weight given to evidence (IVSC, 2013a; IAASB, 2012; RICS, 

2013; AUASB, 2012). According to IAASB definition in ISA 200, Professional judgement is the 

"… application of relevant training, knowledge and experience, within the context pro-

vided by auditing, accounting and ethical standards, in making informed decisions about 

the courses of action that are appropriate in the circumstances of the audit engagement.” 

The notion of scepticism is predominantly discussed in auditing, but should be applicable to most 

analytical work. IAASB (2012) sees scepticism as an essential attitude of a questioning mind and 

alertness in identifying and assessing implications that the audit evidence may have. The Austral-

ian Government Auditing and Assurance Standards Board (AUASB, 2012) tie in the professional 

scepticism as being inseparably linked to the fundamental ethical principles of objectivity and au-

ditor independence and an essential element of professional judgement. 

In its extreme, one could deduce that since scepticism is an integral part of judgement, and judge-

ment is a key foundation in professionalism, and since scepticism is dependent on the independ-

ency of the actor, there cannot be professionalism without independency. In this regard, valuation 

and auditing are strikingly similar – a theme that is evident across relevant standards (IVSC, 

2013a; IAASB, 2013a; RICS, 2013). 

Scepticism and judgment are vital for the AVM auditor, as these features not only assist in objec-

tively reflecting against standards, but also assist the actual understanding of the data, the choices 

made in modelling and their relevant implications. This is an important issue, as relying on stand-

ards alone, even detailed ones, is not sufficient (AUASB, 2012), and this is particularly true in au-

diting AVMs where suitable standards are still lacking. 
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5.4 Matrix of Literature Design Features 

By conducting a literature review we can start to see the formation of the Framework. During the 

research process, the material discovered were codified depending on whether they belong to the 

domains of real estate valuation, automated valuation models or auditing. The material with sub-

stantial domain overlap were considered more valuable. The material identified as having great 

importance are presented here as a concept matrix, as explained by Gleasure (2014). 

 

Table 2: Concept matrix of the design features of the most prominent standards and their behav-

ioural outcomes towards the AVM auditor. 

Based on this research, a material’s prospective modification of an AVM auditor’s behaviour can 

be allocated to one or more of the following three groups: 

 risk-limiting, where the material is likely to have a risk reducing effect; 

 transparency, where the material guides the auditor towards either more standardised or 

externally verifiable methods; 

 and quality and assurance, where the material is likely to improve the quality and the con-

fidence of the AVM audit.  

In addition, an impact factor has been allocated by the researcher in order to give an estimate as 

to the degree of importance or effect the material might have on the AVM auditor. 
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(normative) (positivist) (authoritative) (informative)

IVS, 2013a standard ●●● ● ● ●●● ●●● (●●) ●● ●

IVS, 2013b guide ●● ●● ● ● ●●●

RICS, 2013 guide ●● ●● ● ● ●●● ●●●

IAAO, 2003 standard ●●● ●● ● ●●● ●●● ●● (●) ●●● ●●●

IAASB standard ● ● ●● ●●● (●●●) ●

ISO 19011 standard ●● ●●● ● ●●● ●

ITAF, 2014 standard ● ● ●● ●●● (●●) ●●● ●

CATC, 2009 guide ●●● ●● ●● ●●● ● ●●● ●●● ●●●

CML, 2007 research ●●● ● ●●● ●●● ● ●●●

Fitch case ●● ● ● ● ●● ●●●
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In evaluating the design features, one must keep in mind that the material was often prepared for 

a different purpose than an AVM audit. However, while all the information in the material may not 

be completely applicable, the usage of the material from a design perspective can be expected to 

stay largely the same. The identified primary design features are: 

 Standard setting, where the material discusses matters in a normative manner telling what 

the reader should do in order to fulfil the standard criteria; 

 Exemplary, where the material offers case-studies or other positivist material for the 

reader to evaluate without suggesting whether the choices are good or bad, or whether 

they should be followed; 

 Regulative, where the material can be seen to work as an authoritative source and telling 

what the reader has to do. Most regulative material are dependent on whether the auditing 

is done under the regulative jurisdiction or whether one of the stakeholders is committed 

to following these standards and are thus marked with parentheses; or 

 Guiding, in which the material aims to provide information on how the reader could do, e.g. 

training material. 

In addition, the column specificity to AVMs has been added in order to offer an approximated sum-

mary of the applicability of the material to automated valuation models. 
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6 AN AUDITING PERSPECTIVE ON AUTOMATED VALUATION 

MODELS 

6.1 Is AVM auditing really auditing and is it needed? 

The need for auditing an automated valuation model typically arises when the model has direct 

implications on asset values. There appear to be fewer demands for an objective evaluation of 

AVMs when they are used for stress testing, or as additional supportive tools for professional valu-

ers. 

However, due to the increasing prevalence of mortgage lending as an application of AVM (Downie 

& Robson, 2007) together with applications of AVMs e.g. to define book values of publicly listed 

REITs (Donovan J. D. et. al., 2014), the need for independent statements is evident (RISMedia, 

2011; Fitch, 2007; CATC, 2009). In the case of an independent statement on an in-house AVM used 

to value assets of a publicly listed company (Realia Management Oy, 2014), the use of the term 

auditing was explicitly requested by the client. But when can we call giving an opinion on an AVM 

as auditing instead of, for example, testing or validating the model? 

In addition to the sources referenced in this thesis, numerous academic and non-academic articles 

were searched for and reviewed using keywords such as auditing and testing combined with the 

term automated valuation model(s) to evaluate, amongst other things, the context of relevant 

terms. 

Following a review of the available literature, one can observe that auditing, validating and testing 

are used seemingly interchangeably in less formal AVM news articles. More established parties 

reserve the use of the term audit to the context of a broader analysis, but fail to expand on the 

practical implications. 

Although the most narrowly supported definition of an audit would be in cases where the appli-

cation of an AVM has direct implications on the book value, this definition remains unhelpful as 

this type of strict understanding of terminology is likely to leave gaps between the range of expec-

tations of clients and the actual services offered under each term, such as an audit. After evaluating 

the material, four considerations in particular were identified that may assist in defining whether 

the task carried out constitutes an audit: 

 Access to confidential data 

 The extent of the assurance (on a process and organisational level) 

 Explicit and implicit levels of objectivity and independency 

 Verifiability of the evaluation process 

 Thoroughness of the audit 

Perhaps the most obvious identifying factor is the access to confidential data, which typically goes 

hand-in-hand with the extent of the evaluation task. By using the term AVM auditing, it is generally 

implied that there would be access to more data than what would otherwise be available publicly 
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or in partnerships. The extent of the task is even less explicit; some sources suggest that organisa-

tional procedures should be ‘tested’ along with AVM functioning, while some use the term audit 

purely in the context of AVM results. In auditing, objectivity was emphasised in a more definitive, 

authoritative context than when using alternative terms. The importance of the audit process doc-

umentation was also highlighted in auditing material, emphasising the verifiability of the process. 

A strong indication, or expectation, attached to the use of the term auditing is the expected thor-

oughness: a regularly updated convincing holistic statement over whether the AVM can be trusted 

vs. AVM ‘testing’ done on an ad hoc basis. (e.g. CATC, 2009; CML Housing Finance, 2004; CoreLogic, 

2011; IAAO, 2003; Robson & Downie, 2009; Witherspoon, 2008) 

Weighing the available options for correct terminology in establishing this Framework, the term 

audit was chosen as the most appropriate, as it largely defines the ideology and practice that was 

explored under heading 5.3. As auditing appears to indicate the most thorough level of evaluation 

of AVMs, as explored above, an auditing service is also likely to satisfy the need of most parties 

seeking assurance on AVMs. 

6.2 The AVM Auditor 

The regulators and scholars that call specifically for auditing of AVMs appear to associate auditing 

with a rigorous and thorough examination of the entire process, including detailed analysis of the 

underlying models. Auditors of financial reports have historically carried out auditing. Some tra-

ditional auditing service provider organisations, such as PricewaterhouseCoopers, do provide au-

tomated valuation model testing, but it remains unclear precisely who these prospective auditors, 

as often referenced in text, might be. Thus, in order to establish what type of operator might be 

meant by an auditor we shall examine four different positions an AVM auditor could potentially 

take. 

First, considering the existing guidance by a number of the regulatory and standard settings bod-

ies: the Interagency Appraisal and Evaluation Guidelines, RICS Valuation Standards and the Euro-

pean Commission, it is highly likely that the need to carry out an independent audit of automated 

valuation models would be satisfied if carried out by a professional valuer with the necessary com-

petence in an established organisation following appropriate standards, such as IVS. Thus, the au-

dit would be carried out largely in agreement with existing standards in real estate valuation pro-

fession, especially standards regarding the giving of an independent opinion or statements on val-

uation, emphasising values of competence, expertise and judgement held by the real estate valua-

tion profession. This position would typically be outside the context of auditing of financial re-

ports, unlike the following three other positions. 

The second position of an AVM auditor may be that of external auditor, i.e. financial statements 

auditor, an internal expert as set out in the International Standard on Auditing (ISA) 620 standard 

(IVSC, 2013b, pp. 11-13). Whilst auditing may come most naturally from this instance, it is highly 

likely that the auditing party would require a team member with a qualified real estate back-

ground in the organisation in order to meet the required standards.  
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The third position of an AVM auditor is that of an [external] auditor’s expert as set in the ISA 620 

standard (IVSC, 2013b, pp. 11-13). Here, the external auditor hires an expert outside of their own 

organisation to carry out the work that the auditor does not have the competence to complete. 

The fourth position of the AVM auditor is working as the reporting entity’s expert, i.e. the client of 

the external auditor (IVSC, 2013b, pp. 9-11). Following the ISA 500 standard, the AVM auditor has 

been hired by the AVM creator to give an independent statement on the automated valuation 

model. Apart from ISA 500 imposing responsibility of the reporting entity’s expert on the external 

auditor, in terms of applicable standards, there does not appear to be a considerable difference 

between the third and fourth positions. 

 

Figure 3: Position of AVM auditor in relation to stakeholders. Case Orava REIT AVM Audit. (source: 

Donovan, et al., 2014) 

The AVM auditor’s relative position to stakeholders was illustrated in the presentation (Donovan, 

et al., 2014) in the case Orava REIT AVM audit (see figure Figure 3). In the figure, the AVM auditor 

is positioned between the AVM modeller and the external auditor. The AVM modeller passes on 

and qualifies the knowledge of the model, which then complements the statement from the audi-

tors of the financial reports, and is presented to the public. Thus, the AVM audit client, external 

auditor, potential regulatory bodies such as Finnish Financial Supervisory Authority, and finally, 

the public, are the consumers of the AVM audit report. A case was made that irrespective of who 

has ordered the auditing, the report must be of equivalent use to all parties. This includes favour-

ing a more explanatory and descriptive format in reporting due to exposure to the public 

(Donovan, et al., 2014). 

One could argue that whether the AVM auditor – a hypothetical subject of this study – acts in the 

capacity of an auditor, a reporting entity’s expert or an external auditor’s expert, should not matter. 

A major factor is the principle-based nature of ISA and IVS, where, by avoiding specific statements 

of operation, both standards guide the actions of the AVM auditor in a similar direction. Further-

more, by following IVSC guidance on auditing (2013b, pp. 9-11), the AVM auditor is likely to follow 

all of the relevant parts of ISA, leading to a successful completion of the audit. 



31 
 

 

However, a counterargument to the above, which would likely be more technical in nature, could 

be that when performing as a reporting entity’s expert, one does not need to define auditing cri-

teria or follow a methodological process of giving an opinion. Rather the AVM auditor could offer 

a simple paragraph-long statement citing long professional experience in the field. However, as we 

have discovered under the heading 5.2.1, the world is changing: while quoting experience might 

have been sufficient decades ago, the accountability and transparency requirements of the present 

day are unlikely to permit such a vague statement. 

6.3 Competence and Expertise in Auditing an AVM 

A recurring theme in the literature review in both auditing and valuation was the concept of com-

petence, professionalism, and expertise. According to the Oxford English Dictionary (Oxford 

University Press, 2015), the definition of competence is the 

“Sufficiency of qualification; capacity to deal adequately with a subject.” 

while professionalism is defined as 

“Professional quality, character, or conduct; a professional system or method. In early use 

freq.: the characteristics of a particular profession; (now usually) the competence or skill ex-

pected of a professional.” 

Whereas the definition of professionalism is omitted in both the IVS and RICS standards despite its 

liberal use, ISO standards make a point to emphasise integrity as the foundation of professionalism 

and the due professional care as “the application of diligence and judgement in auditing” 

(International Organization for Standardization, The (ISO), 2011). 

A clear definition of expertise is more eluding, but Scott & Gronow (1990) make a stoic attempt in 

a particularly relevant article Valuation expertise: its nature and application. The authors note that 

experts in different domains appear to have similar problem-solving strategies and expertise is a 

narrow specialisation with a trade-off over breadth of knowledge. In addition, they recognise the 

difference between expertness and true expertise as the ability to derive the procedure they carry 

out regularly in their own professional domain, such as valuation. Expertness can manifest in car-

rying out specific mental operations or methodology in order to solve common problems success-

fully, whilst expertise provides the ‘deep’ knowledge required to construct the problem and po-

tential for carrying out tasks by envisioning new abstract systems (Scott & Gronow, 1990). 

By this definition, true domain expertise may not actually be sought in auditing AVMs, but rather 

the concept of consultant expertise, a higher-level abstraction as proposed by Johnson, Nachtsheim 

and Zualkernan (1987 cited in Scott & Gronow, 1990, pp. 367-368). Consultant expertise provides 

problem-solving methodologies, heuristic knowledge and other comparable tools instead of the 

‘deep’ understanding present in domain expertise. Scott & Gronow (1990) go further to summa-

rise: “Consultants require comprehensive domain knowledge to compensate for the lack of detail 
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in their abstract representation of the problem.” Thus, while auditing and valuation standards ap-

pear to call for more focused domain expertise, AVM auditing may be better served by those who 

have accumulated knowledge in a range of topics and gravitate towards abstract thinking. 

To further obfuscate the issue of relevant competence, the modern use of AVM and the definition 

of AVM, as pointed out by Rossini & Kershaw (2008, p. 2), is gradually changing. Based on the 

founding standards on AVM by IAAO (2003), the AVM process is contingent on the broad princi-

ples and handling of data as carried out in a typical market appraisal. Based on this definition, one 

could propose AVM as a direct extension of traditional valuation – something more concrete to tie 

AVM auditing to. However, more modern definitions, such as one by Downie & Robson (2007), 

allow for more liberal data use and implicitly exclude traditional valuation principles by suggest-

ing the use of AVMs as a cheaper and faster option over the more focused analysis seen in tradi-

tional valuation. The perception of AVMs and the underlying assumption of what constitutes con-

ventional use would again present different requirements both to the AVM creator and to the au-

ditor. 

At this time, no clear consensus can be drawn on whether AVMs should be analysed from an es-

tablished valuation perspective, or whether a fresh approach needs to be considered when ana-

lysing AVM processes. Thus, the origin of necessary competence and expertise in auditing an AVM 

is likely to be subject to the function or purpose of the AVM being audited, e.g. whether the model 

is used to estimate the open market value of a single property or alternatively to model risk in a 

collateralised asset pool. As there are no standardised competency requirements regarding eval-

uation of AVMs, these should be derived by employing e.g. the ISO standard 19011:2011, IAAO’s 

Standard on Automated Valuation Models, IVSC’s A Guide to the Audit Process for Professional Val-

uers and IAASB’s and ISACA’s standards. As the AVM auditor is in a non-consultative role, superior 

knowledge is not required. After recognising the relevant competence and expertise characteris-

tics, the auditing party must evaluate against these requirements before accepting the assignment 

(IAASB, 2013a; ISO, 2011; ISACA, 2014). 
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6.4 On evaluating an AVM 

Kauko and d’Amato (2008, pp. 2-4, ), having gone through numerous studies on AVMs, identify the 

typical "measures of success" in AVM modelling, which are: 1.) model of fit (total correlation coef-

ficient), 2.) model significance, 3.) the expected sign of the independent variable and 4.) the statis-

tical significance of the independent variables. A solid grasp of these statistical concepts is vital to 

understanding how the model behaves in typical and atypical situations. However, statistical tests 

are merely one of the many dimensions of AVMs one needs to explore in order to determine the 

functionality and reliability of the AVM model. 

This widespread inherent lack of trust on statistical testing alone is shown by relegating testing to 

secondary status by at least one major audit practitioner (PricewaterhouseCoopers, 2008); recog-

nised and subsequently mitigated by documentation on best practices (CATC, 2009); noted as an 

impediment to wider acceptance by Downie & Robson (2007); admitted, but being improved by 

Kilpatrick and by Rossini & Kershaw (2011; 2008); and finally by having a healthy suspicion by 

referring to professional judgement in relevant standards (RICS, 2013; IAAO, 2003). On the other 

hand, run-of-the-mill commercial AVM suppliers and highbrow academics alike tend at times to 

emphasise the relatively simple result-focused statistical tests in validating or comparing AVM 

models. Regrettably, if understandably considering the target audience, even the venerable AVM 

standards by IAAO (2003) focus on statistical methods in testing and quality assurance. The stand-

ard nevertheless remains a good guideline as it includes thoughts ranging from raw data collection 

to reports that accompany AVM results. The emphasis on statistical methods is likely due to the 

easier communicability and replicability over the experience-based, often tacit, qualitative prac-

tices; the proprietary (or arcane) nature of many AVMs hindering thorough evaluation of detailed 

processes and thus resorting to statistical methods; and, yet another probable reason, the unique-

ness of each AVM solution, which does not allow for a universal handbook on AVM testing in a 

concise form. 

Admittedly, statistical tests are unequivocally of paramount importance when evaluating the func-

tioning of an AVM, but one needs to keep in mind that the model is likely to be only as good as its 

weakest link. Rossini & Kershaw (2008, p. 2) have stated this to the point: “The emphasis for com-

mercial providers of AVMs seems to be accurate results – regardless of the process.” They go on to 

suggest that while for some AVM users seemingly accurate results are by themselves sufficient, 

the regulated banking and mortgage industry tend to disagree. Collateral Assessment & Technol-

ogies Committee in their publication Best practices in automated model valuation (CATC, 2009, pp. 

3, 6-8) identify that AVMs have evolved significantly in a short period of time and that uniqueness 

and complexity of current hybrid models cannot be easily understood and require a comprehen-

sive and consistent approach for model evaluation. Expanding the analysis from simple statistics 

on the output to overseeing the whole AVM valuation process poses additional competence re-

quirements and the need for dedication on the part of the auditor. Thus, when evaluating the 

model, a more likely auditor candidate than a single professional is a closely working team of ex-

perts covering the fields of auditing, valuation, management processes and statistical methods.  
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6.5 Emerging regulation: Alternative Investment Fund Managers [EU] Di-

rective (AIFMD) 

Alternative investment funds (AIF) are collective investment undertakings that raise capital from 

a number of individuals according to investment policy which remain outside authorisation set 

out in Directive 2009/65/EC, i.e. funds without the cross-border EU investment vehicle UCITS 

(Undertakings for Collective Investments in Transferable Securities) status. AIF managers (AIFM) 

are deemed legal persons that manage one or more AIFs as their regular business. (Council 

Regulation (EC), 2011) 

The Alternative Investment Fund Managers Directive (AIFMD) is meant to harmonise the regula-

tory framework across the EU and includes regulations regarding valuing interest in land with a 

primary focus on monitoring and supervising risk (Royal Institution of Chartered Surveyors 

(RICS), 2015; Finnish Financial Supervisor Authority, 2012). The enforcement of the directive is 

contingent on its adoption by member nations; at the time of writing, the directive is has adopted 

into law in most of Europe, including Finland (Finnish Financial Supervisor Authority, 2012). 

The European Parliament recognises that although AIFMs have a beneficial influence in the mar-

kets, they can also spread and amplify risk and thus need regulating (Council Regulation (EC), 

2011). AIFMs place increasing responsibilities and liabilities of external valuers above what is con-

sidered typical (RICS, 2015) and increasing verification demands of in-house valuing. More spe-

cifically, at issue is whether the valuation can be done in-house, i.e. by the AIFM. If so, it may fall 

upon the auditor, and to, perhaps a lesser degree, an external valuer tasked with verification, to 

confirm that the valuation task is “functionally independent” and that other measures against un-

due influence and conflict of interest are taken as per EC (2011) directive.  

Whilst the biggest impact of the AIFMD with regards to auditing AVMs is the requirement of au-

diting of in-house real property valuation models, the AIFMD may also have an impact on the lia-

bilities of the auditor and the thoroughness of the audit. It has also encouraged the formulation of 

new service offerings by assurance service providers such as Deloitte (2014). It is perhaps for the 

parties involved to seek legal advice before undertaking an audit or opinion on value under the 

AIFMD. 
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6.6 Establishing Priority and Relevancy 

The lack of task specific guidance and material in auditing AVMs forces us to look at other, closely 

related sources of background information and guidance. Broadening the search for supporting 

material quickly reveals that the main issue is no longer a question of finding material, but rather 

of establishing the ultimate relevancy and relative priority of the information in the material 

found. For example, the material concentrating purely on AVMs can be highly authoritative in the 

AVM field, but the information lacks clear application in auditing and testing; and whereas mate-

rial which may have detailed analyses on how to test AVM models, it nevertheless does not have 

the credibility to convincingly be used as a benchmark. There are no unambiguous solutions to 

these problems and the choice between different sources material needs to be made largely case-

by-case. However, it would be valuable if there were general rules for assigning priority to material 

in order to assist the auditor to evaluate a material’s degree of relevancy. A proposal for priority 

assignment and the reasoning behind the proposal is presented next. 

The following guiding and assisting material types have been identified and prioritised: 

1. National regulation 

2. Other [top-level] regulation 

3. Standards employed by the auditing organisation and auditee organisation 

4. Guidance based on application 

5. Auditing standards and guidance 

1. National regulation 

The results of the literature review suggest that the strictest guidance is often given at a national 

level. Thus, the regulatory framework needs to be understood prior to accepting a commission for 

an audit. The regulations might cover issues that define fundamental aspects of the audit, such as 

which instance is permitted to carry out the audit, who bares the risk in auditing statements, or 

what elements the audit needs to cover. National regulation could be stemming from licensed pro-

fessions, regulations regarding assets in listed companies or may stem from higher-level regula-

tion such as the legislative adoption of EU directives. 

Another reason to prioritise the regulations is that much of the available material discussing AVMs 

is at least partially in response to the regulatory climate in which the material was prepared. Thus, 

by examining the material through a regulatory framework lens, one is able to better discern 

which choices made in particular AVM material have been based on regulatory necessities and the 

subsequent relevance (or non-relevance) of the material to the audit. A third reason to emphasise 

national regulation is that the property market subject to analysis is shaped by local policy and 

regulations, and changes to these directing forces may have a profound effect not only on the func-

tioning of AVMs, but also on the entire property market. If an AVM model is used in a cross-border 

environment, a thorough analysis of potential implications may be challenging, and a disclaimer 

to that effect would be pertinent. 
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2. Top-level regulation 

High-level regulation, such as EU regulations or directives, may have indirect and unforeseen con-

sequences that can be hard to predict, especially in cross-domain or cross-border use cases. Also, 

it appears that knowledge of such regulation can be sporadic at best and is disseminated slowly in 

the professional community. This may be due to the fact that implementation of top-level regula-

tion can be fragmented when trying to supplement existing law. An example of such a top-level 

regulation is the EU AIFM directive, as discussed under heading 6.7.3 of this thesis. 

3. Standards employed by the auditing and auditee organisation 

The organisation that is performing the auditing may be committed to following certain standards 

in their daily business. These standards may require that they follow certain principles in all their 

professional work, especially if applying any of the sections of the standards in the work. In addi-

tion, sticking to their primary standard of conduct will promote coherence – allowing for better 

supervision, including benchmarking and evaluation of the auditing process and results. Similarly, 

if the auditee organisation is committed to following certain standards, these should be consid-

ered as agreed in the auditing assignment. In auditing AVMs, it is likely that the auditing party has 

experience in property valuation and is likely to follow either one valuation standard, or a combi-

nation of them, such as RICS or IVS. Also, one valuable method of evaluating AVMs is to compare 

them to traditional valuations made by valuation professionals (Appraisal Institute of Canada, 

2002, p. 3; CATC, 2009, pp. 14-15; RICS, 2013, pp. 18-19), an evaluation where experience with 

valuation standards is paramount. Of the standard setting bodies, valuation standards are also of 

interest, as they have shown their commitment to AVMs, and have provided guidance on auditing 

and automated valuation models. Should this progress continue, it is likely that valuation stand-

ards will become the primary source of particularly relevant AVM auditing material. 

4. Guidance based on application 

By combining regulatory constraints with guidance offered by principle-based standards, one is 

better able to understand the context of technical AVM material, material that is available in rela-

tive abundance. In addition, the extent of testing and the most efficient testing procedures are de-

pendent on the precise type, and application of the model. Thus, the appropriate AVM material 

needs to be selected depending on whether the AVM is used for, for example, estimating the open 

market value or approximating the LTV ratio of a property. Technical guidance based on the AVM 

application, despite its undeniable importance, have been allocated fourth place in this exercise of 

prioritising. At first blush, this may seem strange, but beginning with technical analysis as the core 

of the AVM audit may detract from the most important issue: the wider context of best practices. 

The aim of the audit is not only to evaluate the technical performance of the model in the current 

market – something that can be largely evaluated with outputs alone – but also to discover if the 

model has systemic faults, or organisational practices or processes that are not sustainable. Argu-

ably, this is also what makes auditing different from ‘merely’ testing an AVM model. 
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5. Auditing standards and guidance 

Auditing standards are widely considered principle-based and rely largely on the professional 

judgement of the auditors (Kleinman, et al., 2014, pp. 62-64, 68), most likely even more so than in 

property valuation standards. According to Kleinman, et al., IAASB’s International Standards on 

Auditing are primarily principle-based in order to better adapt the standards to local regulatory 

and business climates. When further analysing and comparing IVS, RICS and ISA standards from 

this point of view, an almost identical theme of professionalism is present. However, standards for 

real estate appear to have a more rigorous structure and they are presented in a stricter and more 

authoritative form. This rigor suggests that by complying with relevant regulations and adhering 

to best practices set out, e.g. by IVSC, the principles of auditing are likely to be covered. One could 

argue that a professional valuer may be able to carry out an audit successfully despite not having 

direct experience in the field of auditing. The same may not apply vice-versa, however. 

6.7 Auditing AVMs from a practical point of view 

Each automated valuation model is unique, often purpose built for a specific area or country, with 

its own particular implementations and methodologies. Thus, offering guidance on all contingen-

cies, practical and theoretical, is unfeasible and guidance is bound to lean on principle-based guid-

ance and quote poorly defined concepts such as competence and professional judgement. This not 

only impacts the evidence collecting and analysis phase of the audit, but also the drafting of the 

audit report. Thus, one could argue that the auditing report functions not only as a document of 

audit findings, but also works as a medium to discuss different worst case scenarios and define 

the acceptable use scenarios of the AVM in order to limit the auditor’s liability.  

The modelling assumptions that are used in AVMs are always simplifications of the real world and 

carry inherent uncertainty should the assumptions be based on temporary market circumstances 

and can be difficult to properly test (Mooya, 2011, pp. 2268-2274). In addition, models are typi-

cally optimised for the area they are built for and these models may not carry from one market to 

another or even across a typical property market cycle. These considerations were particularly 

evident in the Orava Residential REIT Plc AVM audit (Realia Management Oy, 2014), perhaps the 

only publicly available, relatively thorough audit on an automated valuation model. 

6.7.1 Defining the scope of the audit 

The extent of the audit must be well defined so as to capture the relevant information required to 

assess the quality of AVMs. The final extent should be evaluated case-by-case. However, the audit 

should not only concentrate on the results as discussed under heading 6.3 as it would probably 

not even constitute an audit as discussed under heading 6.1. What would then be the suitable ex-

tent of the audit? One could argue that the audit ought to include all processes that have a notice-

able impact on the final valuation material consumed by the end user. 
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Figure 4: A chart in Orava audit: a typical AVM process covered by an audit (Source: Realia 

Management Oy, 2014) 

The simplified process chart of the Orava REIT AVM process as presented by Realia Management 

Oy (2014) is shown in Figure 4. The process identified as having considerable implications on the 

final output begins with data collection and ends in the reporting of results. The authors identified 

the beginning of the value trail in data collection, where the selected supplier and the supplied 

data are evaluated for quality and reliability. The audit ends in reporting, where current and past 

reporting practices are analysed in order to ascertain whether the AVM results are communicated 

in a clear, fair and objective manner. (Realia Management Oy, 2014) 

Whilst the eventual extent and level of detail may vary from case to case, this simplified presenta-

tion could be considered a bare minimum in regards to the extent of an AVM audit. Each element 

presented here can have a critical impact on how the value is formed or communicated to the end 

user and leaving any element out could be detrimental to the audit quality as discussed under 

heading 6.1. 

6.7.2 Benchmarks and audit criteria 

When creating the first auditing template for Realia Management Oy (Realia), the notable lack of 

applicable benchmarks in evaluating AVMs was a significant topic of discussion. In the course of 

the literature review for this study, the conference paper Automated Valuation Model Accuracy: 

Some Empirical Testing by Rossini & Kershaw (2008) was discovered to hold valuable tools in re-

gards to AVM auditing. This paper, where the authors propose an ‘absolute minimum benchmark’ 

and a ‘reasonable level of acceptance’, was the only benchmark written in a normative style found 

to be publicly available to an AVM tester. 

Other sources for potential benchmarks can also be utilised, such as the criteria set by established 

rating agencies, for example by Fitch in their statistical analysis of AVM models (Fitch, 2007), also 

used by RICS (2013) as a case example. However, there appears to be only a handful of recognised 

tests with transferrable criteria or methods, as Fitch’s was the only one identified in this research. 

Another source are the case-specific criteria set in existing audits, for example in the Realia audit-

ing template (Donovan, et al., 2014). Most such cases are likely written for the consumers of the 

audit and are not meant to be applied by other auditors in their work. The issue of using cases as 

benchmarks is their questionable applicability and the lack of attached authority, explicit or im-

plicit, which subsequently limits their broader use. Whilst the lack of a benchmark will not prevent 
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success in carrying out an audit, one must nevertheless establish the auditing criteria prior to 

commencing work as set out in the relevant auditing standards (IAASB, 2013a; ISO 19011:2011; 

ISACA, 2014). As these audit criteria should be both relevant and significant to the auditing out-

come, a thorough and critical analysis of works such as by Rossini & Kershaw and the methodology 

used by organisations such as Fitch (2007), Realia (2014) and CoreLogic (2011) is welcomed prior 

to setting any criteria. 

6.7.3 Qualifications in an AVM audit 

Qualified is a term often used in auditing, and even if the term is not specifically used, the concept 

is applied in many type of documents, such as reports on property valuations to limit the liability 

of the statement. According to the Oxford English Dictionary (Oxford University Press, 2015), qual-

ification is 

“A clause, condition, circumstance, etc., which qualifies or modifies; a reservation, re-

striction, provision; (also) the action of modifying or limiting something; modification, 

limitation, restriction.” 

Qualifications are the final step in doing the auditing and the qualifications are included in auditing 

reporting (IAASB, 2013a; ISACA, 2014). It is important to communicate to the client any concerns 

over the audit as soon as possible (ISO, 2011, p. 26; ISACA, 2014, pp. 138-139), as qualifications 

may have profound implications and may lead to changes in the automated valuation model.  

By examining IAASB’s auditing standard (IAASB, 2013a et 2013b) and explained by Porter, et al. 

(1993, pp. 272-275), the qualifications are used in a context where any relevant outstanding issue 

at the time of statement is likely to lead to a qualification with a major effect on the perceived value 

of the audit. According to Porter, et al. (1993, pp. 272-275), such cases are typically where the 

auditor has not been allowed full access (limitation of audit scope) or where the auditor is in dis-

agreement with the auditee over management decisions which are persistently unaligned with 

acceptable practices or have noteworthy material implications. ISACA’s auditing standard (2014) 

allows for reporting of weaknesses, concerns, errors and exceptions while making a distinction 

between these type of individual ‘qualifications’ and the report being overall qualified, similarly 

understood as when following IAASB. Indeed, ISO 19011:2011 avoids the use of the term qualifi-

cation, but rather suggests that it may not be possible to carry out all of the audit objectives or that 

the audit results in a statement of non-compliance should major issues be discovered.  

Auditing automated valuation models according to established auditing standards may pose more 

challenges than auditing of the books; as AVMs tend to work in degrees of correctness, they can be 

highly sensitive to external shocks and they may be, for example, reliant on data sources over 

which the AVM user has very little influence. Thus, the importance of establishing audit criteria 

prior to commencing the AVM analysis becomes paramount, as the result of the analysis is not 

allowed to affect what the auditor considers a “sufficient” accuracy in testing AVMs when lacking 

applicable benchmarks. While the established audit criteria are an unambiguous source for qual-

ifications, there often remain multiple uncertainties related to the modelling that can neither be 
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quantified nor tested easily. What issues constitute qualifications is at the discretion of the auditor, 

and they should mirror best practices and the likelihood of their impact on the value assigned. 

To conclude, one should be careful over using the term qualified unless the functioning of the AVM 

in its intended use is questioned; and instead, use terms such as provision, limitation or restriction 

when referring to uncertainties or model properties that cannot be overcome and have a reason-

ably low chance of impacting the accuracy of the valuation under normal market situations. 

6.7.4 The AVM audit report 

The auditor’s report is the final document delivered to the client containing a statement by the 

auditor giving an opinion on the audited entity, including possible qualifications and disclaimers 

(ISO, 2011; IAASB, 2013a). In auditing of the books, the short form statement was considered de-

ficient in the 1970s, and an expanded version became the norm in the late 1980s, providing the 

auditor a chance to express potential concerns furthering the goals of auditing (Porter, et al., 1993, 

pp. 287-290). In non-reporting auditing, the form of the audit can largely be the same, including 

e.g. audit objectives, criteria and scope, but shall allow for the inclusion of a wider, and largely 

unspecified, series of elaborations on identified practices and findings – although still emphasising 

conciseness (ISO, 2011; ISACA, 2014). In the audit case of the Finnish Orava Residential REIT 

(Donovan, et al., 2014), as regulated by Finnish law pertaining to real estate funds, detailed infor-

mation on factors potentially having an effect on the valuation upon listing of the fund must be 

presented to the public. This further strengthens the argument that a short form second opinion 

on the functioning of the AVM cannot be defended if the aim is to follow the full form of the notion 

of objectivity and transparency. The final ‘product’ of the audit is an audit statement included in 

the auditing report (IAASB, 2013a; ISACA, 2014). 

There are numerous considerations to take into account when creating the report structure. These 

considerations can include emphasising the aim of the report, improving legibility and following 

standard structure of the organisation creating the report. The Realia Management Oy (Realia) 

audit report on Orava Residential REIT (Realia Management Oy, 2014) is presented here as the 

most relevant case example that is available. Realia chose the standardised presentation format it 

uses in its other reports. The audit report begins with outlining the work, considering general 

issues surrounding the topic, observing the AVM process, analysing relevant observations and fi-

nally giving the audit statement. The report follows very closely the order of the audit process 

(Donovan, et al., 2014). A simple narrative-like presentation is possible as the audit and AVM pro-

cesses largely align, and the automated valuation modelling is largely a non-parallel process. 
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The Realia audit report was structured as follows: 

 

Table 3: Realia Management Oy Audit Report Structure of Orava Residential REIT Plc 2014 Audit 

(Realia Management Oy, 2014) 

In Table 3 above, the approximate numbers of pages per topic or heading have been presented. 

Based on the length of the presentation, it can be seen that the AVM parameters and the AVM re-

sults are emphasised in the AVM evaluation. The authors’ reasoning was to present the items that 

are most likely to be of interest to the majority of the readers of the report, i.e. investors in the 

capital markets. Another feature of the audit report is the substantial amount of space reserved 

for explaining the known features of AVMs and their typical issues, again emphasising the primary 

audience. 

Perhaps the most important aspect of the auditing report is the definition of the auditing scope, 

as emphasised by IAASB (2013a), ISO (2011) and ISACA (2014), and also outlined in detail in the 

Realia audit report (2014). Accurate definition and disclosure give clarity on what has been ana-

lysed in the course of the audit and what is outside of the auditing evaluation and may thus present 

a source of uncertainty. By including the requirements stated by major auditing standards and 

properties present and emphasised in the Realia audit report (2014), one should be able to pre-

pare a report of sufficient quality for most audit commissions. 

  

 
Realia audit  report structure

Pages

Object and contents of external audit 1

Regression models in property valuation 1

Automated valuation 1

Orava automated valuation model ½

Changes since previous audit ½

Data collection and data pre-processing 1

Data quality ½

Modelling process and resulting models

Evaluation of models ½

Parameter evaluation 1½

Sensitivity evaluation 2

Evaluation of accuracy against independent desktop valuations 2

Model evaluation summary 3

Post-processing, ie. application of bargaining range 1

AVM results reporting ½

Audit notes and list of attachments ½

Auditing results and audit statement 1
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Comprising 19 pages, it is likely that the Realia audit report (2014) is as extensive a report as can 

be considered feasible, and should there be any additions, it may be appropriate for them to be 

included in a separate supportive document to avoid confusion. Realia’s solution to the lengthy 

report was to offer a separate one-page audit summary in the local language – translated from the 

last page of the original report, including an abstract of the audit results and the full-length state-

ment. While much of the audit report content presented in the Realia template can be omitted in 

a typical AVM audit, one must nevertheless make sure that all the appropriate auditing steps are 

carried out and that any findings are recorded in detail in internal documentation. 
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7 EVALUATING AND REFINING THE FRAMEWORK 

The practical applicability and trustworthiness of automated valuation models (AVMs) have been 

the subject of fervent academic and professional discussion, with no clear conclusion. One of the 

reasons for a lack of a consensus appears to be the varying quality of the publicly available com-

mercial AVMs and the lack of sufficient oversight in their use. There have been calls for both AVM 

standards, AVM testing procedures and auditing of AVMs. The flexible nature of this Framework – 

an overview of the auditor’s position in relation to e.g. the material available – is compatible with 

the assumption that new relevant standards will be created and existing ones are developed fur-

ther. 

As discussed under heading 6.3, Competence and Expertise in Auditing an AVM, both valuation 

and auditing profession are based on much of the same principles of experience, professionalism 

and evaluation. These are topics difficult to research as, unlike ‘hard science’, they are inherently 

social constructs; however, recognising these similarities should allow effortless cooperation be-

tween professional valuers and auditors. In addition, as automated modelling and auditing share 

some of the integral values and beliefs, such as technical expertise and objectivity, an auditing per-

spective may work to reconcile traditional valuation and AVMs, a schism that has been evident 

while researching this topic. A synthesis triangle is proposed under heading 10.2. 

AVM auditing is likely to work in degrees of quality, more so than many other types of auditing. 

Financial reports are typically audited ‘clean’ when any potential outstanding issues have been 

resolved prior to the signing of the audit statement and hence no qualifications are normally in-

cluded in the audit statement. AVMs, however, are always likely to have inherent problems that 

relate to modelling qualities, and it is possible – if unlikely – that previously unanticipated issues 

will emerge with even a moderate change in market climate. Thus when auditing, it is important 

to understand that features of an audit, such as audit criteria, work in different ways and that the 

auditor can have substantially more say as to what is accepted and is not accepted, especially since 

when AVMs are lacking universal best practices documents suitable for auditing. Thus, as the 

Framework identifies, the technical skill and professional experience of the AVM auditor becomes 

pivotal as he or she should be able to identify a range of issues proactively, often without formal 

guidance, and setting the audit criteria becomes particular important from an objectivity and ver-

ifiability point of view.  

In Chapter II, we come to the conclusion that while current auditing standards do not offer clear 

practical guidance, the existing standard setting bodies are nevertheless a good way to get expo-

sure as to what is expected of the AVM auditor and how the audit might be carried out. At present, 

AVM auditing relies on the non-compulsory common principles set by IAASB and other authorita-

tive auditing bodies, and adherence to these principles rests largely upon the auditor’s shoulders 

– compelled to carry them out by risk of litigation and loss of credibility, if not by organisational 

ethics and personal moralities. 

Next, we shall refine the findings and examine some of the possible presentations of the proposed 

Framework. 



44 
 

 

 

 

 

Figure 5: the material sources of the AVM audit as defined by the Framework 

Above, in Figure 5, the material flows for auditing an AVM are presented. The AVM creator typically 

has the best and most accessible information about the specific model formation and the relevant 

best guidance. However, this information must be supplemented by other sources in order for the 

audit to be fair and balanced. Benchmarking can include traditional property valuations or results 

from other AVM models. Other statistical information may include alternative sources of data or 

price indexes. Also, the AVM auditors organisation may require the auditor to follow certain ma-

terial, such as International Valuation Standards or ISO standards regarding quality and processes. 

The constraints and extent of the AVM audit are presented under heading 9, Framework Modifi-

cation Summary, as the formation of the presentation required the contribution of the interviews. 
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Figure 6: From AVM audit tender to AVM audit commission – an AVM auditor’s perspective 

In Figure 6, a presentation based on the Framework, the steps that should be typically carried out 

when evaluating an audit commission are presented. 

The first step occurs when there is a tender for an audit. This tender process may be formal or 

informal, and often includes discussing the possible price range for the AVM audit. The price range 

will naturally depend on the range of services offered, such as a more expansive audit report or 

offering more detailed feedback for the continuous improvement of the AVM model. 

The second step of competence, regulations and evaluation of independency is highlighted, as this 

is the decision point at which the organisation should determine whether it is able to carry out the 

assignment. These step includes an evaluation of the available competencies within the organisa-

tion, the regulatory environment in which the organisation would operate in – requiring e.g. cer-

tifications – and potential issues of independency should there be e.g. atypical prior commitments 

between the organisations. 

In the third step, the relevant standards should be explored and the stakeholders discovered in 

order to evaluate the stakeholder’s needs and expectations. In the fourth step, should there be any 

identified issues with competency, it may be appropriate to consider outsourcing or hiring some 

of the skills needed – these choices, however, incur additional costs. Legal implications to the au-

ditor typically imply the risk of e.g. litigation. If the risks are considered typical, the risk of e.g. 

litigation can then be factored into the cost estimate. If the risks are estimated to be higher than 

typical, the level of risk may be considered detrimental to project viability. 
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The fifth step of cost estimate, project viability, extent of audit and client requirements is the other 

highlighted step: at this stage, the organisation makes the decision whether or not to commit to 

the audit project. The decision is affected by the cost estimate, in which the organisation estimates 

the return on the audit commission and estimates profit margins against the organisation’s strat-

egy. The viability of the project can be questioned should there be too many uncertainties regard-

ing legal implications or the work schedules of the AVM experts, or, for example, regulatory re-

quirements that may make the audit commission too cumbersome for the organisation. The extent 

of the audit must be well defined prior to accepting the commission, as the extent is likely to have 

an effect on resources and skillset requirements. The extent is typically included in the tender, but 

may also be defined by the various stakeholders or the standards that the auditor or auditee or-

ganisation follows. Finally, the client’s requirements need to be evaluated, especially concerning 

possible regulations and independency requirements. In the case of external auditing, with spe-

cific emphasis on objectivity, it is in the interests of both parties that no questions arise as to the 

independency of the auditor. 

In the sixth step, the decision is made to go ahead with the tender. If the decision is positive, the 

necessary resources are identified and reserved for the project. 

In the seventh and final step, the tender is met with an offer, which the organisation hopes will 

lead to the signing of a commission agreement. 
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Figure 7: The Auditing Pillar in the Framework 

The Auditing Pillar is the direct result of the proposed artefact, the AVM-auditing Framework. The 

Pillar aims to convey the supporting function of the auditing to both the AVM creator and the user. 

As with other supporting structures, if any of the requirement ‘discs’ become too tight, i.e. too 

restricting or cumbersome, the pillar may crumble under pressure. This is possible if there are 

numerous competing standards against which to evaluate, overbearing regulation making the au-

dit costly to perform, or strict independency and transparency requirements that lower the value 

of the audit by oversimplification and standardisation. Conversely, if the ‘discs’ are too lax they are 

unable to maintain the supporting function of auditing. This may happen if auditor independency 

is questioned, the organisational culture is mismatched, or suitable standards and benchmarks 

are not available. 

The confines of each of the ‘discs’ would typically be case specific, but it is likely that striking a 

balance is the key. The auditor position is defined by the role of the AVM auditor, should it be 

internal or external, and the audit assignment stipulating the use and form of the audit, including 

any contractual obligations of the auditor. The formal guidance is often governed by the national 

level or the application domain of the model and may include stakeholder demand – such as in-

vestors in a publicly listed company – that must be recognised. Informal guidance include stake-

holder relations and local practices that may guide the auditor to provide better service or may be 
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seen as a liability to the independency. In addition, the person(s) carrying out the audit work 

against a backdrop of the values of the organisational culture they operate in. Finally, the values 

and principles of the AVM auditor create the backbone, including integrity, expertise, competence 

and professionalism. 

 

 

 

Figure 8: The Trust Bridge and the Auditing Pillar 

One clear need for auditing is risk mitigation and the related regulation. One of the other larger 

goals of auditing could be seen as the validation of the model to the end users and valuation prac-

titioners. The auditing bridge combines the specific function of supporting AVM models with what 

could be seen as the larger goal of auditing. The road to a well-functioning, high quality AVM can 

be a long one, may take several years to develop and may be costly. The use of the final AVM can 

be of great value to the end-user, such as mortgage issuers, or through intermediary valuation 

practitioners. However, the final leg of connecting this supply and demand is bridging the gap in 

trust. The inherent trust in a well-regarded model and its supplier can be strong enough to uphold 

the trust without auditing or other forms of extensive external independent reviews. However, 

should there be a torrent of uncertainty, such as during the 2008 ‘sub-prime’ crisis, it is likely that 

auditing will be of tremendous value in supporting this trust, to both the AVM creator and the AVM 

end-users. 
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CHAPTER III –  COMPLEMENTING THE FRAMEWORK 

(EMPIRICAL) 

8 INTERVIEWS 

The use of interviews arises from the need to demonstrate the quality of the research process and 

its results. This demonstration was carried out by testing whether the Framework is compatible 

with the worldview of different stakeholders in Finland, and whether the would-be auditor can 

apply the Framework in a practical setting. In interviewing, the constructionist approach was fol-

lowed, as described under heading 0.  

8.1 Selection of participants 

The interviews were conducted in Finland, in the Helsinki metropolitan area. The local real estate 

field is relatively limited and due to the small number of market participants a narrower, more 

homogeneous view than in larger markets may be presented. Additionally, there may be more var-

iation in the professional views of more specialised tasks due to the lack of a local platform for 

dialogue in more advanced undertakings in the real estate field. During the interview, a number of 

interviewees confirmed these views.  

 

Figure 9: Interviews – the three viewpoints in auditing. 

Three perspectives were chosen when conducting these interviews. One perspective was real es-

tate consultancy services, carrying out services such as valuation and independent statements on 

values. The selection criterion was a requirement that the person has given independent state-

ments on automated valuation models. S. Koponen has a long history in valuation and in giving 

consultancy advice and statements on opinions, and was accordingly chosen for this interview. 

Likewise, J. Komppa-Hiiva was chosen as an interviewee based on her having given opinions on 

automated valuation models, as well as her having substantial experience in residential valuation, 

the subject of most automated valuation models. 

AVM user-creatorReal estate consultancy

Assurance services provider

The auditing
perspective
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The second perspective chosen was of the users and the creators of AVM models. To the author’s 

knowledge, only one advanced AVM is in use in Finland, which is the OLS-based Orava Funds Plc 

AVM-model. M. Postila, the creator and user of the model was thus chosen for the interview. The 

second interviewee was M. Suominen, who is the investment director of VVO. VVO has constructed 

a naï ve AVM model – a model that is based on averages of transactions prices –, which is used 

mostly for internal book valuation without the investor pressure faced by a publicly traded com-

pany such as Orava. 

The third point-of-view chosen was that of the assurance service providers who have a long meth-

odological history of carrying out financial reporting audits. The selection of the participants was 

narrowed based on research on professionals carrying out financial statement auditing on real 

estate funds and the final selection was done by referral to the most suitable candidates identified 

by auditing professionals. The selected participants were E. Suomela from PricewaterhouseCoop-

ers, auditing companies such as Orava Residential REIT Plc, and R. Pettersson from KPMG, special-

ising in auditing of firms in the real estate sector. Although assurance service providers in Finland 

do not offer the wide range of services seen in many other countries, the members of the assurance 

service provider perspective should nevertheless offer an overview of the assurance service sec-

tor, especially from the financial reporting perspective. 

Interviewee Title Company Interview date and 

length 

Perspective 

Koponen, S. Real Estate Professional, Author-

ised Valuer (MRICS, CIS HypZert 

(MLV), KHK, AKA) 

Freelance 7.5.2015 

1h 36 minutes 

Real estate consul-

tancy 

Pettersson, R. Senior Manager, Authorised Public 

Accountant (KHT) 

KPMG 7.5.2015 

1h 29 minutes 

Assurance services 

provider 

Postila, M. Associate Director, Head of Re-

search 

Orava Funds 

Plc 

8.5.2015 

1h 14 minutes 

AVM user-creator 

Suominen, M. Investment Director VVO 11.5.2015 

1h 35 minutes 

AVM user-creator 

Komppa-Hiiva, J. Authorised Valuer (KHK, AKA) Realia Man-

agement Oy 

12.5.2015 

1h 39 minutes 

Real estate consul-

tancy 

Suomela, E. Director, Authorised Public Ac-

countant (KHT) 

Pricewater-

houseCoop-

ers 

13.5.2015 

1h 10 minutes 

Assurance services 

provider 

Table 4: The interviewees. 

The interviews were carried out face-to-face, recorded and analysed for content. The interviews 

were carried out in Finnish, and thus, no direct quotes are presented in this study. The average 

length of the interviews was approximately 1 hour 30 minutes. The prepared questions, common 
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for all interviewees, were presented in order to determine their interest in participating. The list 

of these questions is presented in Appendix 2. 

8.2 Structure of the interviews 

In addition to testing the Framework in general, the questions were formed to explore issues that 

were missing, or not obvious, from the literature review, as well as issues that are at the heart of 

the research problem. These includes avenues that had not been explored by the interviewer, and 

thus open-ended questions were preferable. Although procedurally the interview was carried out 

identically for each interview, the open-ended questions and the following sub-questions allowed 

for exploration of different themes in the interviews depending on the interviewee’s professional 

experience. 

8.3 Description of interviews 

8.3.1 Interview questions 

 

Table 5: Interview themes and their relevance to headings 

Above is a presentation of how the questions were aimed at answering, complimenting or testing 

the topics considered under the headings. Prior to conducting the planned interview, a very cur-

sory description of the thesis and its aims were presented. Care was taken as not to influence the 

direction of the interviews to a great degree. Below, a brief description of the questions and the 

reasoning behind them are presented. 

 Question number one allows the interviewee to voice an opinion on the topic prior to being 

exposed to the research subject in detail. By mixing the terms ‘external opinion’ and the 

term ‘auditing’ allows for reflection on what comes first to mind by the use of those terms. 

Question Theme of  the questions Headings

1 Role of external opinion in auditing 6.1

2 Examination thoroughness: AVM vs. traditional methods? 6.4; 6.7

3 Top-most worries giving an opinion on AVM? 6.4; 6.7; 6.7.1

4 Have AVM auditing needs changed? 6.1

5 Terminology 6.1

6 Essential material and testing methods for examining AVMs 6.6; 6.7.2

7 Parties most suitable to carrying out audit? 6.2; 6.3

8 View on required expertise and compatence in auditing AVMs? 6.2; 6.3

9 Most natural position of AVM tester in audit of the books? 6.2

10 Future impact of top-level regulative guidance? 6.5; 6.9

11 The suitable extent of AVM audit? 6.7.3; 6.7.4
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 Question two aims to compare AVM and traditional valuation methods by e.g. senior man-

agement (non-professional valuers), a juxtaposition between two completely different 

sources of uncertainty: with AVMs the [relatively untested] modelling, with traditional val-

uation methods the reliance on [relatively untested] experience.  

 Question three aims to elicit potential sources of discomfort in using or evaluating AVMs 

 Question four is a question that allows for the expansion of the topic through reasoning. 

 Question five analyses the terminology, the kind of understanding one gets from using par-

ticular words in the context of evaluating AVMs.  

 Question six seeks confirmation that no suitable handbooks for AVM auditing exists. Also, 

it allows for accumulation of new potential sources and also to get an idea how the inter-

viewees prioritise the various available material. 

 Question seven seeks to reveal the optimal choice of party to carry out the AVM audit, the 

basis of for that choice and whether the required expertise can be split between different 

organisations. 

 Question eight is closely related to question seven. The requirements of real estate market 

knowledge, mathematical skills and auditing experience are compared. Also, opinion is 

sought on whether the skills must reside in one person or can be divided between multiple 

professionals working in a team. 

 Question nine offers a view on how the organisational setup for carrying out an AVM audit 

should be done, and whether the ordering party creates any independency issues. 

 Questions ten offers a glimpse of future trends, as seen by the interviewee. 

 Question eleven aims to define the extent of the AVM audit. The extent can be understood 

in multiple dimensions. Of primary interest were the beginning and the end of the AVM 

process that the audit should be evaluating, as well as the extent of the evaluation of the 

organisation surrounding the AVM process. 

The list of questions is presented in Appendix 2 in its original Finnish form, with a translation into 

English. 

8.4 Interview results I – Interpretation of interviews 

A thorough descriptive analysis of the interview results is presented in Appendix 1 – Interview 

Results part IV. Below, interpretations of the interviews and their effect on the Framework are 

examined. 

The Framework is based on the findings that there are no directly applicable material, little rea-

sonably applicable material but plenty of material that requires careful inspection before consid-

ering it pertinent to the AVM auditing task. The interviewees, voicing the need for material sup-

porting AVM auditing, unilaterally confirmed these findings. The order of regulatory relevancy and 

priority that were presented under heading 0 can be considered largely correct. As in the available 

literature, the interviewees had problems pinpointing sources of regulations. 

All interviewees consider the correct skillset of the AVM auditor crucial to the audit success. A 

knowledge of real estate markets and traditional valuation methods was considered as important 
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as, or more important than, the technical knowledge required to analyse the AVM model. Auditing 

knowledge, while considered important, was considered generally secondary to the technical and 

property market expertise, confirming the findings in the Framework. While all these of these at-

tributes are considered important, they must reside in a single person, or at the very least, be-

tween a closely working team. Finding all the necessary skills is rare, and thus one might be faced 

with the issue of sourcing expertise from multiple persons; the interviewees identified that com-

munication is paramount and it is necessary to have one person with a solid grasp on the entire 

AVM audit undertaking. Responsibility issues were emphasised less, but having a single organisa-

tion signing the statement was preferable to having multiple, highly respected organisations, each 

with their own speciality as undersigners.  

Rotation of AVM auditors was not directly considered in the Framework, but was discussed during 

the interviews. Rotation in smaller professional environments such as Finland was considered un-

helpful at best, as rotating the very limited number of professionals that can carry out an AVM 

audit is likely to result in lower quality with little added benefit through refreshed independency. 

Rotation, however, was considered valuable if it means rotation for expertise, allowing for new 

insights and views when giving feedback – but even then, the respondents would return to the 

long-term, committed auditor. 

Communication between the AVM user-creator and the AVM auditor was considered very im-

portant. This was not emphasised or explored in detail in the Framework, but the results are likely 

to be universal. The value of efficiency and receiving feedback from the auditor to improve the 

model is considered far more valuable than an increase in perceived independence and objectivity 

should the communication be restricted or passed through intermediaries.  

Cost-savings were a theme in AVMs and cost management can be expanded to auditing AVMs. 

However, AVM audits were not considered merely as a cost by AVM user-creators to meet regula-

tory and stakeholder demand, but also as a value-add; communication channel and the chance for 

feedback – sometimes the only feedback that the AVM user-creator receives. Whilst the interview-

ees considered thorough annual audits as the norm due to the importance of fiscal years and de-

mands by the auditor of financial reports, it was stated by multiple sources that the period be-

tween AVM audits could be 2–4 years, optimising costs and efficiency. Should these longer time 

periods between audits be adopted, smaller scale audits would be carried out quarterly and more 

thorough AVM audits would be revisited when there are substantial changes to the AVM or 

changes in the real estate market. 

According to the interviewees, the extent of the AVM audit should include a thorough analysis of 

the input data, preferably up to the point in the process chain where another expert has inde-

pendently verified the functioning of the data quality and data production processes. Correspond-

ingly, the extent of the AVM audit should include any analysis and reporting of final AVM valuation 

results expressed by the AVM creator or user; however, should these be examined in detail by the 

auditors of financial reporting less detail is needed – thus value reporting, which can be consid-

ered senior management guidance, can remain largely outside the AVM audit. The interviewees 

considered the need to audit the AVM user-creator organisation to be limited to the people with 

daily interaction with the model. In the context of the Finnish environment, auditing of other parts 

of the organisation, such as the senior management, was considered unnecessary. 
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A more thorough descriptive analysis of the interview results is presented in Appendix 1 – Inter-

view Results part IV, including cursory analysis of points of agreement and disagreement by inter-

viewees. 

8.5 Interview results II – Auditor Communication 

 

 

 

Figure 10: The auditing process – communicating with the stakeholders 

The Figure 10 presents the AVM auditor communication with the stakeholders based on the 

Framework and the interviews. The audit report is one-way communication where the AVM audi-

tor presents the audit findings and the statement. The typical entities involved in two way com-

munication are the AVM creator, AVM user and the audit client. These entities can be either sepa-

rate or belong to the same organisation. 

In addition to providing material for the audit, the AVM creator desires feedback and discussion 

on points for improvement. It is also extremely important to communicate potential issues with 

the AVM user prior to releasing the AVM audit report, as qualifications may have a considerable 

effect on the operations of the AVM user; discussions may help to achieve resolutions more quickly. 

The communication between the audit client and the auditing process ensures the appropriate 

execution of the audit. 
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8.6 Interview results III – the terminology in giving an opinion on AVMs 

By using the term audit, the interviewees’ expectation was that the evaluation of AVMs would be 

more extensive than that offered by a typical external opinion. An audit would also comprise a 

signed “statement of quality”. However, while the extent of a typical audit was largely agreed on by 

the interviewees, the majority of the interviewees were of different mind concerning the precise 

content and methods of the audit. Thus, there were only few calls by the interviewees to standard-

ise the auditing format or extent; they opined that an audit would be highly case or use dependent. 

The translations of the terms were checked with the interviewee prior to answering. Whilst four 

out of six interviewees stated that all translations were correct, two interviewees pointed out that 

the English word auditing can be translated as “auditointi” or “tilintarkastus”, depending on 

whether the function is financial reports auditing (“tilintarkastus”) or auditing e.g. management 

systems (“auditointi”). Thus, the translation was deemed correct in the context of AVM auditing. 

One interviewee however suggested that opinion should be translated as “lausunto” and the orig-

inally presented translation of “na kemys” should be then translated as a “view”. This study did not 

allow for an opportunity to study these differences in detail. For the purpose of this study, however, 

one can conclude that both translations are used interchangeably to a degree, as confirmed by 

publicly available online statements and opinions of value – with English and Finnish versions 

both available.  

An additional term was suggested during the interview: agreed upon procedures. This term was 

explained to the interviewer as having similar content as an audit or an external opinion, but is 

used in the context of financial reporting auditing. However, this type of undertaking would be 

missing a final statement as it is targeted towards internal use.  
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The interviewees were asked to fill in the terminology template, where the terms are plotted on a 

xy–axis. The template can be found under Appendix 2. In the template, the interviewees were 

asked their estimate on the degree of qualities each term represents according to their own un-

derstanding. The qualities were objectivity, independency, level of assurance, tendency to give 

qualifications, guided by experience and guided by standards/benchmarks. The results of the 

quantitative part of the interview are presented after the descriptions. The qualities were de-

scribed as follows, where X is the term in question:  

Objectivity  The level of objectivity the report is expected to have if received with the 

title X 

Independency The level of independency the report is expected to have if received with 

the title X 

Level of assurance The level of assurance the report brings, or the sense of ‘security’ or trust 

that the report states the true state of affairs should it have the title X. 

Assurance can also be considered a proxy for the thoroughness of the 

work, i.e. a high assurance suggests that the person evaluating the AVM 

has analysed all material meticulously in addition to being able to say for 

certain that all relevant material has been reviewed before giving a pos-

itive or a negative statement. 

Tendency to give 

qualifications 

The tendency or likelihood that the AVM report preparer will include any 

adverse remarks in the report that he or she may find. A high tendency 

to give qualifications suggests that the person evaluating the AVM will 

point out issues in the AVM models even though they may not be detri-

mental to the functionality of the model. Conversely, when having low 

tendency for giving qualifications, one may avoid mentioning any out-

standing issues, perhaps even avoiding giving a pass or fail. 

Guided by experi-

ence 

To what degree the evaluation of the AVM is likely to be based on experi-

ence if the report is received with the title X. 

Guided by stand-

ards /benchmarks 

To what degree the evaluation of the AVM is likely to be based on stand-

ards or benchmarks if the report is received with the title X. 
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Figure 11: Interview results – terminology: answers (n=6) plotted in radar graph by qualities. 

 

 

Figure 12: Interview results – terminology: answers (n=6) plotted in bar chart by terms 
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Table 6: Interview results – Terminology: response mean average 

 

 

Table 7: Interview results – Terminology: response sample standard deviation (in percentage 

points) 

The quantitative results of the interview regarding the terminology are presented visually in Fig-

ure 11 and Figure 12. The results of six interviews were averaged (mean average). Each of the 

terms that could be used to describe a report on an AVM was plotted on an axis where the inter-

viewee’s responses could range between 0 and 100% for each of the qualities. In Figure 11, each 

radar gridline representing 20 percentage units and the maximum value (= 100% degree of qual-

ity) is at the outer end of the radar graph. In Figure 12, the interviewee’s responses are presented 

by terms where O = Objectivity, I = Independency, A = Level of assurance, Q = Tendency to give 

qualifications, E = Guided by experience and S = Guided by standards/benchmark. In addition, 

Figure 12 includes sample standard deviation by using error bars. The results are also presented 

numerically in a table format in Table 6 and Table 7. 
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Objectivity 75 % 58 % 72 % 33 % 54 % 58 %

Independency 75 % 58 % 62 % 36 % 40 % 57 %

Level of assurance 82 % 58 % 62 % 44 % 48 % 59 %

Tendency to give qualifications 61 % 55 % 48 % 48 % 49 % 38 %

Guided by experience 67 % 73 % 61 % 25 % 56 % 49 %

Guided by standards/benchmark 62 % 40 % 32 % 48 % 36 % 60 %
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Objectivity 9.7 23.5 16.6 21.8 15.0 22.0

Independency 11.7 30.2 28.4 30.0 15.9 23.2

Level of assurance 5.4 27.8 27.2 28.0 22.7 21.3

Tendency to give qualifications 33.6 27.0 34.6 36.2 25.1 30.9

Guided by experience 24.4 7.9 28.1 15.5 29.7 31.7

Guided by standards/benchmark 33.3 32.2 33.3 30.2 25.9 30.8
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Table 8: Presentation of coefficient of variation quality and distributional consistency of responses 

(using square-mean-root evenness)  

In Table 8, the coefficient of variation indicator loses a point for every 0.10 increase in the coeffi-

cient, where five points is the maximum suggesting the least amount of variance in the sample. 

This calculation provides an indicator of the relative variation to the estimated average. The dis-

tributional consistency of responses is presented using the square-mean-root evenness, where 

each 0.01 deviation from 1 loses a point: (∑ (√xi)/nn
i=1 )2/(∑ (xi)/nn

i=1 ) (Equation 1). This indica-

tor describes whether the responses are equally spread out in comparison to the mean, or 

whether the mean is influenced by a few sporadic answers. The table shows that the most con-

sistent results were achieved when evaluating the characteristic of objectivity and the term au-

diting.  

By analysing the results, it can be concluded that the interviewers considered auditing the term 

associated with the highest levels of objectivity, independency and assurance.  While the term 

auditing also received the highest average for “tendency to give qualifications” and “guided by 

standards/benchmarks”, these results were impaired by a high degree of variability in answers 

between the interviewees. Interviewees also appear to consider auditing experience-based as 

well, but not to the degree as when the report is offered under the title “external opinion” – the 

term that received clearly the highest average of the terms for experience-based expectations. 

Due to the small number of interviewees, it is impossible to say with any degree of certainty 

whether a large variance in answer was due to the very small sample size or whether this is a 

natural result due to the varying views within the industry. The qualitative interview results sug-

gest that, at least with the current selection of participants, views can differ markedly. The mean 

difference evenness, or percentage difference, between respondents representing the same per-

spective was the smallest between real estate consultant view respondents (12%), the highest for 

assurance services perspective (20%), while the AVM user-creators were in between (15%). 

Whilst there is considerable uncertainty due to the small sample size, this result further 

strengthens the argument for using the term auditing for testing AVMs in the context of this 

study, as not only does the definition, as understood by the interviewees, match closest to the 

procedural requirements of the extensive AVM review, but auditing was found to be the term 

with the least ambiguity (sample variance in answers).   
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Objectivity ●●●● ● ●●● ●●● ●● ●●●● ● ●●● ●●● ●●

Independency ●●●● ● ●● ● ●●●● ● ●

Level of assurance ●●●●● ● ● ● ●● ●●●● ●●

Tendency to give qualifications ●

Guided by experience ●● ●●●● ● ● ●●●●

Guided by standards/benchmark

square-mean-root evennessCoefficient of Variation
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9 FRAMEWORK MODIFICATION SUMMARY 

The literature-derived international view on AVMs and auditing, which the Framework is based 

on, was able to give a rather good overview of the AVM auditor’s position. The interviews were 

able to address many deficiencies, albeit mostly in a local, national context. Some contentious is-

sues that were explored in interviews could not be clarified and thus remained unresolved. None 

of the compelling arguments based on the literature review were refuted. Whilst e.g. internation-

ally assurance service providers were able to provide AVM auditing services, in interviews these 

were generally considered a poor choice due to the lack of expertise in the field. These, and other 

more subtle differences suggest that the Framework is functional but requires knowledge of the 

local market and operators for a proper application. 

 

 

Figure 13: Constraints and Extent of the AVM audit as defined by the interviews and the Frame-

work 

As shown in Figure 13, the constraints and extent of the audit are defined by multiple different 

sources, not all with a direct link to the AVM auditor. Many of the regulations identified during the 

interviews are directed towards debit financiers, the auditor of the financial reports or the AVM 

user. Either the AVM auditor identifies the regulative demands or the auditing client defines the 

audit contract so that any regulative requirements are included in the auditing assignment. 

As no major international or national regulation advises that specific AVM, valuation or auditing 

standards need be followed in AVM auditing, these standards function as best practice and guiding 
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material, with largely voluntary adherence. However, the possibility of future regulation encom-

passing AVM auditing cannot be overlooked, and AVM auditing may become regulated in many 

parts of the world much like the valuation profession is today. 

The auditing client, the AVM user and the AVM creator are typically the same entity in Finland, and 

this was the understanding of most of the interviewees. Internationally, however, it is typical that 

the AVM is offered as a commercial service independent of the AVM users, and it is thus important 

to consider the two as separate entities despite them potentially being part of the same organisa-

tion. Based on the Framework and the interview results, the AVM creator typically has an interest 

in making sure that the audit covers all the major parts of the AVM process and the operative or-

ganisation so that no unwarranted doubts arise concerning the reliability of the AVM. The AVM 

creator will benefit from a thorough evaluation of the AVM process and modelling, as the audit 

analysis will also work as feedback for improving the model. The AVM user will typically be inter-

ested in the thoroughness of the testing and the stability of the end results, especially in times of 

crisis, as the AVM user needs to be prepared for a sudden reversion to the use of traditional valu-

ation services. 

The organisational framework in which the AVM auditor operates is important, as according to 

the interviews, the location of the AVM auditor in the web of stakeholders may have implications 

to the perceived objectivity, expertise and reliability of the auditor. During the interviews, it was 

proposed that audits may be carried out either by real estate valuation consultancy firms, by teams 

of independent academics, or by assurance service providers with relatively little expertise in real 

estate – each solution bringing with it its own unique set of organisational backgrounds and re-

sulting impact on the quality and recognition of the audit report. As the interviews were carried 

out in a local market characterised by a small number of active professionals, there was more em-

phasis on the personal expertise and credibility of the individual professional carrying out the 

audit than on the responsibility and brand behind the organisation as a whole.  
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CHAPTER IV –  COMMUNICATING THE FRAMEWORK 

10 PROPOSING IDEAS FOR TOOLS FOR AN AUDITOR 

Too often information has failed us by being hard to grasp or read, or otherwise being difficult to 

communicate. The Framework is presented in Chapter II and tested, extended and modified in 

Chapter III. To communicate knowledge requires the information to be efficiently delivered to the 

reader. It is likely that to attain these goals, more accessible tools should be produced where the 

content and structure have been prepared specifically for the task and user group in mind. Some 

ideas for such tools are presented below for potential future research. 

10.1 AVM Auditing Process 

Although the need for AVM auditing standards has been established unequivocally, the practicality 

of potential AVM auditing processes and standards were nevertheless questioned in the interview-

ing phase of the study. This is due to the challenge of creating a formalised abstraction of a process 

that is largely case-dependent and situational. However, by establishing even rudimentary pro-

cesses, one should be able to better evaluate of the resources needed, pinpoint procedural issues 

through benchmarking and allow for continuous improvement. For those unfamiliar with auditing 

AVMs, a rudimentary process chart also allows one to communicate effectively how the AVM audit 

is carried out. One such simplified abstraction is by Donovan, et al. (2014), as presented in Figure 

14. 
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Figure 14: Auditing process in Orava REIT AVM Model audit (Donovan, et al., 2014) 

The process chart, even in its simplified form, allows one to effectively separate the process phases 

that are sensitive to the order in which they are carried out. As identified by Donovan, et al. (2014), 

competency; other qualifications, such as independency; documentation; audit plan; and audit cri-

teria all need to be considered before beginning work on the AVM. Next, the drafting of the report 

structure is carried out as this will function as a stand-in for a more detailed processes chart due 

to the parallel nature of the AVM auditing process and the AVM creation process as recognised by 

Donovan, et al. (2014). Equivalently, the remainder of the AVM audit can be carried out largely as 

described in the simplified audit process chart. 

As this rudimentary process chart has already proven to be useful, it is likely that a more detailed, 

comprehensive process analysis would also be of value, perhaps expanding the chart proposed 

and presented in Figure 6, under Heading 7 of this thesis. 
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10.2 Synthesis of traditional valuation, statistical modelling and auditing 

paradigms – a brief analysis of the underlying principles 

 

Figure 15: Synthesis of traditional valuation, statistical modelling and auditing paradigms   

During the course of the research it was identified that there are numerous differences, as well as 

similarities, in principles and ideologies between auditing, traditional valuation and technical 

modelling. Due to some overlap of these three paradigms, it is likely that auditing could work as 

an intermediator between traditional valuation and AVM models. 

Whilst this is purely a conceptual exercise, an understanding of the fundamental principles upon 

which these paradigms are based may assist in understanding how auditing, traditional valuation 

and modelling ultimately relate to one another. There is value in seeing where they differ, but there 

is also value in contemplating on where the fundamentals agree. Through exploration of these 

principles, one may conclude that auditing can bring the remaining two aspects closer together by 

establishing trust and passing knowledge of best practices between the two domains. This explor-

atory research should be made through a different ‘theoretical lens’ (Creswell, 2009, pp. 62, 176, 

222) that allows the researcher to be removed from the practical applications and look at the ele-

ments from a wider perspective. 
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10.3 A Checklist for an Auditor 

Whilst a standard on auditing AVM was considered unfeasible by some during the course of the 

interviews, it was suggested that a checklist might suffice. Such a checklist might include the ele-

ments that need to be carried out by the AVM auditor, categorised into blocks of operation. The 

flexible nature of a checklist allows the programmatic enabling and disabling of checklist ‘fields’ 

depending on the use-case scenario. This checklist could be further augmented with decision trees 

or other support tools, thus combining the checklist with benchmark-like audit criteria to allow 

for a more objective, guided evaluation of the AVM model. 

10.4 Evaluating through Process Criticality 

During the course of this research, the use of a process criticality table was considered a viable 

option to improve the efficiency of AVM auditing. Coincidentally, one of the interviewees also rec-

ognised that employing knowledge of previously established critical process points in AVMs may 

be a useful tool for the prospective evaluation of AVMs. Identifying process criticality would in-

clude examining past usage of AVMs and their creation processes for potential points of uncer-

tainty, sensitivity and impairment. These points may be subject to external influence or be points 

where the AVM creator or operator is able to modify the modelling parameters to his or her own 

advantage. The identification and classification of these different scenarios would likely improve 

the efficiency of the AVM auditing process. 
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CHAPTER V –  CONCLUSIONS, DISCUSSION AND SUMMARY 

11 CONCLUSIONS 

The result of this study – the Framework – orients the auditor, aims to reduce confusion, facilitates 

processing available information and allow the auditor to take necessary action. By following the 

proposed Framework, the prospective auditor will focus on the audit-critical issues, is encouraged 

to search for additional information and to seek appropriate guidance. 

The Framework defines the concept of independent objectivity, critical to a successful audit. The 

literature review, as supported by the interviews, shows that professionals do not expect merely 

a second opinion from the results of an AVM audit, but also expect a critical, systematic evaluation 

of the AVM. The attributes of competency and expertise – being recognized, but poorly elaborated 

on, in the existing material – were explored for their precise meaning in the context of auditing 

AVMs, as well as to determine the practical competency requirements for an AVM auditor. The 

extent and form of an AVM audit was necessarily vague in the Framework – due to a lack of exam-

ples and guidance –, but through the interview-testing process, localised guidelines for improved 

clarity could be ascertained. 

While the requirements for the auditor of the AVM could largely be identified, the requirements of 

the audit and the establishing of audit criteria were less clear; this lack of clarity was confirmed in 

testing as these requirements were described as highly case-dependent. ‘Best practices’- guidance 

was identified as severely lacking in AVM auditing and the auditor is directed to make use of the 

guidance notes from relevant national valuation standards as well as the international valuations 

standards, such as International Valuation Standards and the RICS Valuation – Professional Stand-

ards. To assist the AVM auditor with the auditing process, three standards on auditing were iden-

tified to be relevant to auditing an AVM. The International Standards on Auditing (ISAs) provides 

context when AVM results are used in financial reporting and the IVSC’s A Guide to the Audit Pro-

cess for Professional Valuers (2013b) is of great value in summarising the most critical aspects of 

these standards. The ISO 19011:2011 standard on Guidelines for auditing management systems 

(ISO, 2011) gives a solid view of how an audit should be designed, managed and conducted, and is 

of particular relevance when first planning and executing an AVM audit. The ISACA International’s 

(ISACA) ITAF™: A Professional Practices Framework for IS Audit/ Assurance, 3rd Edition (ITAF) is 

the most detailed material identified for auditing an AVM from a practical perspective, offering an 

information systems (IS) perspective. Combining these three standards, as needed, offers an im-

portant contextual layer supplementing the frame of reference in which the AVM auditor operates 

in – allowing the design of, and carrying out of, a balanced AVM auditing process.  

This research shows that real estate professionals are likely to be the best parties to carry out an 

AVM audit, despite unresolved uncertainties. The wider application of this finding naturally de-

pends on the range of assurance service providers available in a particular country. The question 

of the most suitable party to carry out the audit was posed because there are few professionals 

active both in the real estate sector as well as in the provision of assurance services, and very few 
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organisations provide both valuation and auditing services under the same roof. Thus, the selec-

tion of the organisation to carry out the audit may be forced by the practical limitation of few pro-

viders. 

Through testing the Framework, the tentative results were confirmed: real estate knowledge and 

modelling skills should be considered more important than experience in e.g. auditing. Neverthe-

less, the concepts of audit: true, fair treatment and independency, scepticism and professional 

judgement are pivotal in carrying out an AVM audit. 

11.1 Assessment of results 

The study has shown that there are many commonly shared views, but also many concerns and 

uncertainties in auditing AVMs – not all of which can be universally resolved. However, mere cog-

nitive awareness of the heterogeneity of the supporting information should be of use to the AVM 

auditor. 

By following the pragmatic and iterative design science research (DSR) approach, many of these 

difficulties can likely be resolved as a greater body of knowledge is created. By DSR, the assessment 

of the provided utility is the key parameter of performance of the artefact, i.e. the Framework, the 

result of this study. In this thesis, testing was performed by interviewing six Finnish professionals, 

an analysis of the interview output allowed the researcher to iteratively improve and build upon 

the original Framework. 

By assessing and comparing the results of this modified framework with the original Framework, 

it can be concluded that 1. the fundamentals of the Framework are sound and 2. many of the ad-

dendums that addressed important unresolved issues in the original Framework were considered 

to be either highly case-dependent or to mirror only the local environment. Thus, the Framework 

functions as valuable foundation for both prospective AVM auditors, as well as springboard for 

future research; likely being most valuable as a flexible meta-artefact for a more localised and 

adapted version of the Framework. 

The Framework is laid out in a narrative form with supporting explanatory diagrams. To better 

respond to the needs of widest audience of prospective AVM auditors, more intuitive tools could 

potentially be developed. Some ideas for these tools are presented under heading 10. 
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11.2 The need for further research 

Whilst the Framework has been realised as a result of the research for this study, the eventual 

success of the Framework is largely contingent on further research. The Framework requires ad-

ditional testing by, for example, application to different local environments. This testing would 

generate knowledge of both the commonalities and discords in global practices, paving the way 

for a more extended and universal Framework, employing the iterative aspects of the design sci-

ence research (DSR) approach. To communicate the Framework in a more actionable format, new 

tools are also needed. A DSR approach offers the possibility to identify the necessary design fea-

tures from closely related professional fields in order to reach the desired behavioural outcomes. 

If the design features can be identified, they could, for example, be compared to the tools proposed 

in this thesis under heading 10, with the most promising tools selected for further development. 

12 SUMMARY 

The thesis identifies automated valuation models (AVMs) as a promising tool. However, AVMs are 

not fully accepted and many question their practical applicability and reliability. The need to audit 

AVMs appears to stem from the haphazard usage of AVMs and an underlying lack of trust in these 

models, largely due to their users’ limited understanding of the principles behind AVMs and the 

varying quality of the commercial AVM offerings currently available. This thesis identifies few reg-

ulations directly affecting AVMs, as most of the regulatory pressure to verify and test AVMs is di-

rected primarily towards the various stakeholders, each with their own set of requirements. In the 

literature, there is much discussion of requiring the necessary competence and expertise for au-

diting, but little practical guidance as to what this would mean in the context of an AVM audit: 

competence and expertise – the cornerstones of AVM auditing – are therefore one of the discussion 

points in this thesis. 

This thesis offers an overview and insights into the available information – or metainformation – 

that the prospective AVM auditor needs in order to evaluate an auditing assignment and success-

fully complete the audit. The researcher has explored the deep context in which the AVM auditor 

operates in, and needs to be aware of. In addition, the qualities and characteristics of the auditor 

and the auditor’s organisation are explored. The study outcome, the artefact, is presented as a 

Framework – a synthesis of these different aspects. The author of this thesis argues that whilst 

this work is useful on its own for the prospective AVM auditor, the real value of the study outcome 

is as a meta-artefact. The Framework as a meta-artefact is an intermediary step towards more, and 

potentially better, artefacts (Hevner, 2007; Gleasure, 2014) – ultimately generating specific, well-

designed and practical toolsets for AVM auditors. Thus, future research that helps communicate 

this Framework to practitioners, and also makes it more intuitive to use, is welcome. In practice, 

such research should result in the future development of AVM auditing checklists and guidelines. 
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APPENDICES 

APPENDIX 1 – INTERVIEW RESULTS PART IV 

Each of the members representing different views were randomly assigned codes for some degree 

of anonymity. C1&C2 represent the real estate consultancy view, M1&M2 the AVM user-creator 

view and A1&A2 the assurance service provider view. The description of the interview topics are 

not presented in a time-linear fashion, but rather allocated based on their content under suitable 

headings. However, even the heading titles do not represent accurately the diverse range of topics 

that were discussed in the course of the semi-structured interviews. 

 

Required qualifications and optimal parties  

Traditional assurance services providers (such as KPMG, PricewaterhouseCoopers, Deloitte, Ernst 

& Young) were generally considered inappropriate for auditing AVMs by four interviewees, espe-

cially if AVM auditing were combined with providing accounting auditing, leading to severe inde-

pendency issues. All interviewees mentioned the presumed lack of qualified people and markedly 

inferior knowledge of the property market compared to real estate professionals – possibly a re-

sult of the relatively small size of these organisations’ branches in the local Finnish market. Of the 

two interviewees who were more positive towards using assurance services providers (M1, A2), 

one re-emphasised the need for organisational separation from accounting services and the other 

cited the considerable costs-savings potential from combining AVM and accounting auditing. An-

other presented point was that the assurance service providers could bring fresh input to the rel-

atively closed circle of real estate professionals (C2). However, one interviewee (C2) felt that there 

was a danger of large assurance service providers might rely on their reputation instead of em-

phasising expertise when carrying out the audit. 

Both property consultants and AVM user-creators agree that their perception of an audit sup-

plier’s brand reputation is not limited to the supplier organization, but also encompasses the rep-

utation of the individual carrying out the audit. Thus, there are two levels of ‘brand’ to be consid-

ered in auditing, one for the auditor and one for the auditing organisation. This duality may only 

be characteristic of the local market. The components of reputation for an auditor – as identified 

by two interviewees – are not limited to technical skills and market knowledge but also encompass 

the auditor’s personal integrity.  

According to the interviewees, the AVM user-creator is the right party to order an AVM audit, po-

tentially leading to better communication and feedback, and the AVM user-creator is likely more 

qualified in the selection process of an auditor with the suitable skills. The generally less favoura-

ble choice, where the accountant auditor orders the external AVM audit, would reduce the need 

for accountant audit oversight (A2, A1) and improving perceived objectivity and independency 

(C2). In addition, it was feared that rotating the accounting auditor would also lead to unnecessary 

rotation of the AVM auditor. It was noted by three interviewees (A1, M2, C1) that rotation does not 
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work in a small country like Finland where there is a very limited supply of skilled people. Primary 

reason for rotation would be rotating skills, not trust (A1). 

The real estate valuation and consultancy firms were identified predominantly as the most suita-

ble party to carry out AVM audits. The key AVM auditor requirement stated by all interviewees is 

the real estate market knowledge and the ability to do comparison valuations with their own 

methods were emphasised by five of the interviewees. However, all agreed that as long as the or-

ganisation has sufficient credibility in the market, it does not matter where the auditing is done as 

long as they have the competence to do it, with two respondents also pointing out that one must 

possess necessary certifications should the regulation require it. 

 

Sufficient skill set 

The interviewees that talked extensively about skill and competence requirements, responded 

that the property market knowledge and skills in modelling were the most important attributes, 

many considering both being equally important. Two interviewees were of the opinion that the 

skill of the auditor must at least match that of the AVM creator, in that the auditor must be able to 

be build the model from the bottom up (M1, C2). Others considered that the level of skill should 

be “sufficient” to analyse the entire model in detail and understand each of the functions. One in-

terviewee (A1) emphasised property knowledge more than modelling skills or procedural view, 

taking a pragmatic view of testing the output and using historical evidence as an estimate of the 

AVM quality. All agreed that auditing a model using extensive technical skills with relatively little 

market knowledge and experience would not be sufficient. Three interviewees suggested that 

such an approach may even lead to a worse result, hiding potential misspecifications when mod-

elling the real world and fundamental data errors when data quality estimation requires deep 

market knowledge. 

 

Auditing (process) qualifications 

When asking about general competence requirements, none of the interviewees gave a view on 

the qualification requirements on auditing procedural skills. Once asked specifically, only one in-

terviewee emphasised the process knowledge and procedural skills that are required in auditing 

AVMs to a similar degree as skills in modelling and real estate knowledge (A2). The interviewee 

suggested that only through steadfast processes can one demonstrate that the testing has been 

carried out properly and thus reduce the auditor’s liability. 

Of the interviewees that considered auditing process skills clearly less important than model skills 

or market knowledge, two stated that this would be the fastest skill to learn (C2, A1), two re-

sponded that requirements on this part would be largely met simply by following best practices 

(M1, M2), while the remaining interviewee did not consider auditing specific skills nearly as im-

portant as the technical and real estate skills and suggests that the best results are always attained 

through comprehensive understanding of the subject of audit (C1). 
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Organisations and the division of skills 

All interviewees agreed, that the required competence in AVM auditing can be split between sev-

eral people. However, some felt that this would degrade the audit work whilst others say that this 

may even be better for the output through specialisation. One respondent was of the opinion that 

it is better to compromise on knowledge than to break the overall view. It was emphasised that 

there must be a final responsible person when dividing the work tasks. Also, three interviewees 

explicitly stated that there should always be an overlap in skills (C2, M2, A1). When asked about 

whether the audit can be split between organisations, the answers ranged from a cautious 

“maybe” (C2) to an absolute “no” (C1, M2, A1). All agreed, that work division may create issues 

defining responsible parties and communication challenges; it was emphasised that the people 

need to be “a team”. One interviewee stresses that it is not so much a question of responsibility but 

of the resulting quality (A1). 

 

The ordering party 

Most agreed that the optimal party for ordering an AVM audit is the AVM user-creator. Interview-

ees saw no compromise of independency. This choice was stated to have two advantages: the audit 

works as a feedback channel (M2, M1) and that the quality of the audit was seen as the responsi-

bility of the AVM creator/user and they were seen as the most likely candidates to pick the best 

party to perform the auditing. 

Considered as an alternative, acceptable option was the ordering of the audit by the financial au-

ditor as an external expert; this was viewed the best option by two interviewees (C2, A2). However, 

a down side to this option would be the possible rotation of the financial auditor, which would 

therefore also rotate the AVM auditor. Planned EU reform of the audit market will bring great tur-

bulence, and would also lessen interest in ordering from traditional assurance providers (M2). 

 

Standards and material in auditing AVMs 

Of the interviewees, only one had knowledge of relevant guidance material for auditing AVMs 

(M1). All interviewees mentioned IVS and IFRS, but apart from setting restrictions, the use of these 

standards for guidance was not elaborated on. As one interviewee remarked: you cannot ignore 

them, but they remain of little practical value in auditing AVMs (C2). In addition, interviewees 

mentioned IAAO, RICS, USPAP, EPREA (European Public Real Estate Association) and Finnish Fi-

nancial Supervisory Authority as sources for standards and guidance in AVMs. One interviewee 

(A2) suggested IT-related auditing standards as a potential source for guidance. No other auditing-

related standards or guidance were readily identified by the interviewees. This may be a cause for 

concern as most interviewees (at least A1, M1, C2, A2) had previously stated or otherwise indi-

cated that they consider auditing a standardised and very structured process when comparing the 

term audit to the other presented alternatives. 
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The use of an AVM creator’s own specification documents were given as an example of particularly 

suitable auditing material by two interviewees (C2, A1). Also, a thorough general risk assessment 

applicable to multiple models was identified to be of particular value, enabling the concentration 

of the auditing effort onto the most critical parts of the model (A1).  

The interviewee most knowledgeable about existing standards on AVMs (M1) was one of the two 

interviewees who identified great potential and value that would arise from the development of 

applicable standards. Potential standards in auditing were generally viewed positively, but practi-

cal feasibility of any standards was questioned due to the range and variety of need- and case-

specificity. Thus, it is possible that the lack of exposure to relevant standards also affects the per-

ceived utility of them. 

Interviewees from assurance services (A1, A2) suggested that purpose made internal guidance 

and process charts do not exist or are simply added on top of existing International Standards on 

Auditing. The auditing process is largely covered by using preformatted structured audit forms 

and documents, also identified to be potentially suitable for AVM auditing by one of the inter-

viewee (A1). This type of ‘checklist’ structure in AVM auditing would result in a quick and practical 

method of assuring that all steps have been covered, would result in more standardised reporting 

and would enable the reader to more easily note any changes or qualifications in the final report. 

 

The need for AVM auditing and regulation 

Whilst all interviewees agreed that the need for audits and external opinions has grown, and that 

the reason is mainly due to the increased regulation, practically all interviewees had a different 

view on the precise source of this increased assurance need. The primary source for assurance 

demand were identified to be one of the following: financial reporting auditor’s regulations; the 

financing regulations; investor regulations; regulations directed at the reporting entity; the unex-

pected regulation that is directed towards a single remote entity connected through a web of 

stakeholders; and finally the proactivity of the management to anticipate calls for additional trans-

parency. 

One interviewee (M1) said that regulation is good and there ought to be more regulation. Two 

were of the opinion that regulation is of no use in Finland and only increases costs (A1, M2). The 

remainder were of the opinion that they are the natural result of market volatility, more advanced 

valuation methods and the general calls for transparency. Most agreed that top-level regulation 

such as AIFMD is likely to increase in amount as well as breadth (coverage). 

Concerns in AVM auditing 

When the interviewees were asked about their chief concerns regarding auditing an AVM, most 

were concerned with data and data collection (M1, M2, A1). Whilst all interviewees suggested 

through other context that a primary issue is having, or finding, the competence to do the audit, 

only two (C2, A2) explicitly mentioned it as a top concern. The skill and the processes of the or-

ganisation using or creating the AVM was not considered a particular worry. A sense of trust in the 
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competence of professionals could be identified in several respondents, with one respondent rec-

ognising it being the natural result of the small size of the market and the profession. However, 

one interviewee suggested that the management’s payment model should always be considered 

for undue influence (A2). When expanding on their concerns, all mentioned the functionality of 

the modelling and the validity of the results. One interviewee (A1) emphasised the pragmatic ma-

teriality view that the results are what count, and should there be any indication of model insta-

bility or approach of pre-set tolerance levels when compared to sales or independent valuations, 

a more rigorous testing would ensue. This can be contrasted by another interviewee (M1), who 

noted that a typical valuation accuracy of ±15 % would mean that such result-testing would re-

quire ordering multiple external valuations to attain the needed accuracy for comparison purpose; 

thus there should be an emphasis on the theoretical and procedural underpinnings of the AVM. 

Whilst the financial year was noted to be the defining part in AVM auditing cycles, interviewees 

were largely in agreement with the notion that a periodic simplified audit would, when combined 

with a more rigorous test every two to four years, would be optimal in stable market situation. 

However, all were in unison that a changing market climate would require the re-auditing of the 

model, although the extent of such market change was not expanded upon. Other triggers for more 

rigorous tests would be changes to the data or model specification (M1, A1). 

 

Other issues mentioned 

One interviewee (C2) was of the opinion it may be beneficial to have a critical approach and always 

aim to identify points of improvement in the model, as this will build confidence in the testing 

ability and gives more emphasis to the positive results. Another respondent (A1) was adamant 

that there should be no qualifications or identification of issues; the AVM auditor should make 

sure that any outstanding issues are corrected. 

One interviewee (A2) proposed that more advanced, robust closed systems with systematic pro-

cesses and logging might be better than the more easily understood traditional Excel-models. This 

type of managed information system with change logging would give confidence from a control 

environment perspective.  
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Communications, independency issues and continuous improvement 

Communication between the AVM auditor and the AVM model user/creator was considered very 

important. Whilst some were looking at it mostly as a tool to pinpoint errors (A2, to some extent 

C1), four of the interviewees stated that it is also a valuable feedback channel. Interestingly, it was 

even suggested (M2) that AVM auditors – with the most extensive access to various methods in 

use – would be the most suitable group for creating standards, implicit or explicit, that would then 

be followed by all professionals who report on valuation results. This auditing would work to give 

soft guidance towards more standardised AVM valuation procedures, which would help make out-

put numbers comparable to other benchmark figures. 

The extent of feedback and guidance that the AVM auditor can provide without compromising in-

dependency was considered wide and flexible by three of the respondents (M1, A1, M2). These 

interviewees did not see this type of consultancy work as a detriment to the audit quality. The 

remaining three interviewees were also willing to give feedback and guidance, but mostly based 

on best practices and standards. 

Whilst AVM auditor rotation was considered unnecessary or even detrimental to the audit quality, 

it was also suggested by two (A1, M1) interviewees that rotation could be sensible if there was one 

long-term committed auditor and, periodically, the audit would be done by another rotated party 

to receive a third opinion for objectivity and improvement purposes. The aim is to improve the 

audit process of the committed auditor. 

 

Views on AVM testing 

AVM testing should be concentrated on the extreme ends of different property qualities in addition 

to the middle, most typical section. The results from testing at extremes will inform how well an 

AVM might behave in non-typical situations and it is crucial that the results for the middle section 

are correct as investment grade properties are typically in this most middle sector (A1). It was 

also pointed out (A2) that value estimates by senior management tend to use a higher yield re-

quirement when faced with increased uncertainty whilst AVMs may not have similar inbuilt value 

approximation of uncertainty in the valuation. Also, the smallest and largest parameters should 

be analysed to observe whether they remain largely the same or change sporadically between AVM 

runs (A1). 

 

Extent of an AVM audit 

All interviewees agreed that the data collection should be included in the AVM audit, but the extent 

of auditing the data and data sources and their processes was less clear. One interviewee (A1) 

suggested that the AVM auditing covers all parts that have not been checked for validity by other 

independent parties while other interviewees would limit auditing to the input data and choices 

that the AVM creator can influence, i.e. largely limiting the extent of the audit to evaluating the 

choices and reasoning behind choosing between different data sources.  



82 
 

 

Reporting of results should be included in the AVM audit according to some interviewees, whilst 

three (M1, A1, A2) felt that much of the results reporting would be under management guidance 

and thus audited by the auditors of the accounts. One interviewee (A1) suggested that AVM audit-

ing should cover the reporting in terms ensuring management understands the results of the AVM, 

while the precise wording would fall under responsibility of the auditors of the accounts.  

Every interviewee would extend AVM auditing to cover the people responsible for using or creat-

ing the AVMs, citing need for competence and reliability assurance. However, more detailed views 

were not provided. Auditing or oversight of the surrounding management and organisation were 

not considered a priority in a local context as the limited circle of professionals provides a self-

regulating environment (A1, M2, most prominently). However, it was pointed out by one inter-

viewee that a cursory check on the surrounding organisation will help the auditor to ask the right 

questions (C2). 

The auditing report should always consider the audience (M2, C2). One interviewee said that an 

auditing report offered to the public should be more explanatory (C2), whilst another suggested 

(M2) that a more explanatory or longer statement might only serve to confuse the general public. 

One interviewee (M2) suggested that the content of the audit should mirror the needs of the end-

user of the audit report; if the end-user of the audit report (e.g. financing) uses similar methods, 

an emphasis on results over methods would a natural outcome. 
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APPENDIX 2 – INTERVIEW QUESTIONS  

A. Interview, Presented Background and Questions – (Original/Finnish) 

Tutkimuksen taustatietoa 

Diplomityo ta  (Aalto Yliopisto) varten tehta va  haastattelu 

Tekijä: Jamie Donovan, jamie@donovan.fi, puh: 040 687 5060 

Työotsikko 1: A Framework on Evaluating Residential Regression-based Automated Valuation 

Models: an Auditing Perspective 

Työotsikko 2: A Framework on Evaluating Automated Valuation Models in Real Estate: an Au-

diting Perspective 

Kieli: englanti 

 Tyo  on riippumaton, eli tyo ta  ei ole tilattu eika  siita  ole maksettu korvausta. 

 Tyo n tarkoitus on luoda viitekehys, joka rakennetaan mallin auditoijan na ko kulmasta. 

 Seka  viitekehys etta  mahdolliset tyo kalut ovat tarkoitettu ka yta nno nla heiseksi ja avus-
taviksi arvonma a ritysmallien auditoinnissa/testauksessa. 

 Na ma  tyo kalut voivat olla mm. tyo tehta va a n ra a ta lo idyt prosessit, lista olennaisista 
materiaaleista ja mallin auditoinnin kannalta kriittisten vaiheiden tunnistaminen. 

Automattinen arvonma a ritysmalli, ta ssa  ka ytetta va  ma a ritelma : 

 Malli, joka pohjautuu (tyypillisesti yksinomaan) tilastollisiin la hto tietoihin ja ennalta 
asetettuihin mallinnuksen sa a nto ihin. Mallin ka ytta ja lla  (tuottajalla) ei ole olennaista 

mahdollisuutta vaikuttaa mallin tuottamaan arvoon, mutta prosessissa saatetaan tar-

vita ka ytta ja n vuorovaikutusta. 

 Ma a ritelma  rajautuu kiinteisto jen arvonma a ritykseen. 

Haastattelukysymykset esiteta a n seuraavalla sivulla. Varsinaisten kysymysten lisa ksi saatetaan 

esitta a  tarkentavia kysymyksia . Esitetty kysymysten lista ei ole va ltta ma tta  lopullinen. Mika li 

muutoksia tulee, ei kysymysten luonne tule muuttumaan. 

Arvioitu va himma isvastausaika on noin 15 – 30 minuuttia. Lyhyet vastaukset eva t ole la hto koh-

taisesti huonompia, mutta pidemma t saattavat tuoda uusia na ko kulmia esille. 

Haastatteluihin voidaan vastata kasvotusten, puhelimitse tai sa hko postilla. Kasvotusten tai pu-

helimitse on suositeltavaa, silla  se mahdollistaa vapaamman ja mahdollisesti syvemma n kes-

kustelun aiheesta. Suureen osaan kysymyksista  ei ole va ltta ma tta  yksiselitteista  vastausta. Kaik-

kiin kysymyksiin ei ole pakollista vastata.  

  

mailto:jamie@donovan.fi
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Kysymykset 

1. Mika  on kantasi ulkopuolisten na kemysten roolista kiinteisto jen arvonma a ritysten au-

ditoinnissa? 

2. Koetko, etta  [objektiiviset] automaattiset arvonma a ritysmallit kaipaavat enemma n vai 

va hemma n riippumatonta tarkastelua kuin esimerkiksi liiketoiminnan johdon tekema  

arvostus perinteisin menetelmin? Miksi, ja onko ta ma  tilanneriippuvaista? 

3. Mitka  olisivat pa a llimma iset huolenaiheesi, mika li antaisit na kemyksesi automaatti-

sista arvonma a ritysmalleista? 

4. Onko auditoinnin ja ulkopuolisten na kemysten merkitys pysynyt vakaana, kasvanut vai 

va hentynyt? 

5. Kuinka ymma rta isit seuraavien termien suhteet toisiinsa: 

a. Auditointi = Auditing 

b. Ulkopuolinen na kemys = External opinion 

c. Riippumaton na kemys  = Independent opinion 

d. Testaus  = Testing 

e. Lausunto  = Statement  

f. Validointi = Validation 

Ovatko ka a nno kset oikein? Vastaus esiteta a n myo s koordinaatistossa. 

6. Mika  olisi olennainen materiaali joka tulisi huomioida? Onko sinulla tietoa mahdolli-

sista standardeista tai testausmenetelmista  joita voisi hyo dynta a  automaattisten ar-

vonma a ritysmallien auditointiin/testaukseen? 

7. Mitka  olisivat tahot, jotka tekeva t automaattisten arvonma a ritysmallien auditointeja? 

Ovatko jotkin tahot soveltuvampia kuin toiset? 

8. Na kemyksesi arvonma a ritysmallien auditoinnin vaatimasta asiantuntemuksesta ja pa -

tevyydesta ?  

9. Mika  on luontevin sijainti mallin auditoijalle/testaajalle sidosryhmien va lilla : (tilintar-

kastus-) auditoijan ka ytta ma  sisa inen asiantuntija (ISA 620), auditoijan ulkopuolinen 

asiantuntija, auditoitavan oikeushenkilo n ka ytta ma  asiantuntija (ISA 500) 

10. AIFMD (Alternative Investment Fund Managers Directive) – uskotko ta ma n tyyppisella  

ohjauksella olevan suuri merkitys tulevaisuudessa? 

11. Mika  olisi arvonma a ritysmallin auditoinnin sopiva ulottuvuus? (ulottuvuuden voi ym-

ma rta a  monella tavalla) 
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B. Interview Questions (translated from Finnish to English) 

1. What is your view on the role of external opinion in auditing property valu-

ate estimates 

2. Do you feel that the [objective] automated valuation models require more 

or less independent analysis than e.g. senior management valuation done 

through traditional means. Why, and is this situational? 

3. What would be your top-most worries should you be giving an opinion on a 

automated valuation model 

4. Has the need for auditing and external opinions stayed the same, increased 

or decreased? 

5. How would you understand the following terms in relation to one another: 

a. Auditointi = Auditing 

b. Ulkopuolinen na kemys = External opinion 

c. Riippumaton na kemys  = Independent opinion 

d. Testaus  = Testing 

e. Lausunto  = Statement  

f. Validointi = Validation 

Are the translations correct? The answers are also presented in a coordinate. 

6. What would be the essential material that should be considered? Do you 

have any information about possible standards and testing methods that 

could be applied to automated valuation model auditing or testing?  

7. What would be the parties (organisations) that would carry out automated 

valuation model auditing? Are some parties more suitable than other? 

8. Your view on the required expertise and competence when auditing valua-

tion models?  

9. [in the context of ] What would be most natural position for the model au-

ditor/tester between stakeholders: financial reporting auditor’s own ex-

pert (ISA 620), the financial reporting auditor’s external expert, the re-

porting entity’s expert (ISA 500) 

10. AIFMD (Alternative Investment Fund Managers Directive) – do you believe 

that this type of guidance will have great importance in the future? 

11. What would be the suitable extent of the automated valuation model au-

dit? (the extent can be understood in several ways) 
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C. Interview Questions – Presented Terminology Answer Sheet 
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