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Summary 

In this dissertation, I present three economic experiments in the area of accounting written 

during my doctoral studies at the University of Konstanz. I will present the three articles in the 

chronological order in which I started working on the respective projects. The first project is on 

the implications of audit market regulations on the behavior of market members and the market 

structure. In this project different approaches discussed by standard setters and even legal 

principles (e.g. joint audits and audit firm rotation) are compared. The second study investigates 

the effect of IFRS16 on the evaluation process of knowledgeable non-professional investors. 

Employing the eye-tracking technique, we are able to show the changes in information 

acquisition, weighting, interpretation and finally evaluation caused by IFRS16, which is legally 

binding by 1 January 2019. My third project explores the methodological issues related to 

process tracking (i.e. eye-tracking and mouse-tracking) research. In this study we measure the 

influence of the tracking method used on the information acquisition process. 

The first paper is entitled “The Effects of Mandatory Audit Firm Rotation and Joint 

Audits on Audit Quality and Market Structure: Experimental Evidence”. Starting with the 

financial crisis and the green papers issued in 2010, a regulatory debate about the restructuring 

of the auditor market emerged. Both, audit firm rotation and joint audits have played a 

prominent role in this debate. Whereas audit firm rotation is mandatory in the European Union 

since 2016, the regulator in the Unites States decided against this requirement. Academics and 

regulators also have frequently proposed joint audits, which are currently mandatory only in 

France. We present the results of a market experiment that compares the effects of both 

mandatory audit firm rotation and joint audits against two extremes: an unregulated market and 

a setting in which the experimental software matches those auditors providing the highest 

quality with the most dishonest clients. We compare across these settings the clients’ decisions 

to report truthfully, the auditors’ decisions on audit effort and reporting, the resulting quality of 

audited client reports, and audit market concentration. We find that the quality of audited client 

reports is lowest in an unregulated market, higher under rotation, even higher with joint audits, 

and highest with a matching based on reputation. A higher probability that auditors will exert a 

sufficient effort level and a higher degree of auditor independence explain the difference in the 

quality of audited client reports between joint audits and rotation. We also find that joint audits 

and audit firm rotation result in a lower degree of market concentration than observed in an 

unregulated market. From the regulator’s perspective, joint audits seem more advantageous 

than mandatory audit firm rotation. 
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In the second paper “The new Leases Standard, Information Processing, and Evaluation: 

Experimental Evidence from an Eye-Tracking Study” we used eye-trackers to study the effects 

of a legal change in the presentation format of financial statements on the evaluation process of 

knowledgeable non-professional investors. The IASB issued the standard IFRS 16 (Leases), 

which is legally binding by 1 January 2019. The former distinction between the recognition of 

operating and finance lease becomes invalid and the lessee must capitalize all of its leases by 

recognizing the present value of the unavoidable future lease payments (IFRS 16.24) and 

presenting them in the balance sheet  as leased asset (right-of-use assets). Research has shown 

that the location of information influences the evaluation of financial statement users. Prior 

studies empirically examined legal changes on the presentation format ex post, while we use an 

experiment with eye-tracking technology to investigate the effects of the changed presentation 

format under IFRS 16 on the evaluation process of the financial statement before this standard 

is legally binding. We find that the changed presentation format of IFRS 16 increases the 

acquisition rate of the lease liabilities and the leased asset and increases the weight readers put 

on these numbers. Additionally, key metrics like long-term debt, assets, and total debt are 

interpreted comparably higher when the respective information is recognized rather than 

disclosed. These changes in the acquisition, in the weighting, and in the interpretation lead to 

an overall worse evaluation of the financial situation of the company whose financial statement 

is assessed. Comparing eye-tracking data with decision data allows us to distinguish between 

the intuitive and deliberate processes of individuals when assessing financial statements. We 

thus extend prior research on individuals’ decision-making processes by comparing decision 

data with evidence from individuals’ eye movements. 

The third paper “Data Collection in Information Search Processes” focuses on the 

methodological issues related to research on information search processes. Using mouse-

tracking techniques like Mouselab, MouselabWeb, or Flashlight as an alternative to eye-

tracking experiments has become popular in the past decades. Several studies on the question 

of whether the technique used has an effect on the decision observed have been published. In 

contrast, we investigate whether the technique used for recording information search processes 

influences the search process itself. We show that both – the occlusion of information and the 

necessity of using the mouse cursor to uncover information – influence the information search 

process of participants and significantly change key metrics used to describe this process. 

Conducting an experiment using the city size task, we are able to show that participants obliged 

to use a Mouselab alike framework with occluded informational cues changes an intuitive 

search behavior into a deliberate informational search process. Additionally, the direction of 
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information search is influenced by the necessity of unveiling information via mouse cursor 

movement. While the outcome in our task is not influenced by the method used for process 

tracing, the metrics deduced from the recorded process data is highly depending on the method 

of choice. Moreover, the choice of information differs, when a Mouselab design is used. Thus, 

our findings challenge the assumption that mouse-tracking and eye-tracking are technologies 

to collect process data that are directly comparable. 
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Zusammenfassung 

In der vorliegenden Dissertation stelle ich drei ökonomische Experimente im Bereich der 

Rechnungslegung vor, die während meines Promotionsstudiums an der Universität Konstanz 

entstanden sind. Ich werde die drei Arbeiten in der chronologischen Reihenfolge präsentieren, 

in der ich die Arbeit am jeweiligen Projekt begonnen habe. Das erste Projekt befasst sich mit 

den Auswirkungen der Prüfungsmarktregulierung auf das Verhalten der Marktteilnehmer und 

die Marktstruktur. In diesem Projekt werden verschiedene von den Standardsettern diskutierte 

Ansätze und sogar Rechtsgrundsätze (z.B. Joint Audit und Rotation von 

Wirtschaftsprüfungsgesellschaften) verglichen. Die zweite Studie untersucht die 

Auswirkungen von IFRS16 auf den Bewertungsprozess von sachkundigen, nicht-

professionellen Investoren. Mit Hilfe der Eye-Tracking Technik können wir die Veränderungen 

in der Informationserfassung, -gewichtung, -interpretation und -bewertung durch den seit 1. 

Januar 2019 rechtsverbindlichen IFRS16 darstellen. Das dritte Projekt beschäftigt sich mit den 

methodischen Fragen der Prozessaufzeichnung (d.h. Eye-Tracking und Mouse-Tracking). In 

dieser Studie messen wir den Einfluss der verwendeten Tracking-Methode auf den 

Informationssuchprozess. 

Das erste Forschungspapier trägt den Titel „The Effects of Mandatory Audit Firm 

Rotation and Joint Audits on Audit Quality and Market Structure: Experimental Evidence“. 

Ausgehend von der Finanzkrise und den 2010 veröffentlichten Grünbüchern entstand eine 

regulatorische Debatte über die Restrukturierung des Wirtschaftsprüfungsmarktes. Sowohl die 

Rotation der Prüfungsgesellschaften als auch die Gemeinschaftsprüfungen (Joint Audit) haben 

in dieser Debatte eine herausragende Rolle gespielt. Während die Rotation der 

Prüfungsgesellschaften in der Europäischen Union seit 2016 obligatorisch ist, hat sich die 

Regulierungsbehörde der Vereinigten Staaten gegen diese Regelung entschieden. Auch 

Wissenschaftler und Regulierungsbehörden haben häufig Joint Audits vorgeschlagen, die 

derzeit nur in Frankreich vorgeschrieben sind. Wir stellen die Ergebnisse eines 

Marktexperiments vor, in dem die Auswirkungen sowohl der obligatorischen Rotation von 

Prüfern als auch des Joint Audits mit zwei Extremen verglichen werden: einem unregulierten 

Markt und einem Markt, in dem die experimentelle Software die Wirtschaftsprüfer mit der 

höchsten Qualität den unehrlichsten Prüfungsklienten zuordnet. Wir vergleichen in diesem 

Zusammenhang die Entscheidungen der Kunden, wahrheitsgemäß zu berichten, die Wahl der 

Wirtschaftsprüfer über die gewählten Prüfungsbemühungen und Berichte, die daraus 

resultierende Qualität der geprüften Jahresabschlussberichte und die Konzentration des 
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Prüfungsmarktes. Wir stellen fest, dass die Qualität der geprüften Jahresabschlussberichte in 

einem unregulierten Markt am niedrigsten ist, unter Rotation höher, bei Joint Audits noch höher 

und bei einer Zuordnung gemäß Reputation am höchsten. Eine höhere Wahrscheinlichkeit, dass 

die Prüfer ein ausreichendes Maß an Prüfungsaufwand betreiben, und ein höheres Maß an 

Unabhängigkeit der Prüfer erklären den Unterschied in der Qualität der geprüften 

Jahresabschlussberichte zwischen Joint Audit und Prüferrotation. Wir stellen auch fest, dass 

Joint Audits und die Rotation von Prüfern zu einer geringeren Marktkonzentration führen als 

in einem unregulierten Markt. Aus Sicht der Regulierungsbehörde erscheinen Joint Audits 

vorteilhafter als die obligatorische Rotation der Prüfungsgesellschaften. 

Im zweiten Forschungspapier “The new Leases Standard, Information Processing, and 

Evaluation: Experimental Evidence from an Eye-Tracking Study” haben wir mit Eye-Trackern 

die Auswirkungen einer Gesetzesänderung bezüglich der Darstellungsform von Abschlüssen 

auf den Bewertungsprozess von sachkundigen, nicht professionellen Investoren untersucht. Das 

IASB hat den Standard IFRS 16 (Leases) veröffentlicht, der zum 1. Januar 2019 

rechtsverbindlich ist. Die bisherige Unterscheidung zwischen der Bilanzierung von Operating-

Leasingverhältnissen und Finanzierungsleasingverhältnissen wird hinfällig und der 

Leasingnehmer muss alle seine Leasingverhältnisse aktivieren, indem er den Barwert der 

unvermeidbaren zukünftigen Leasingzahlungen (IFRS 16.24) ansetzt und diese in der Bilanz 

als geleaste Vermögenswerte (Nutzungsrechtsanlagen) ausweist. Untersuchungen haben 

gezeigt, dass die Position von Informationen die Bewertung von Bilanzlesern beeinflusst. 

Frühere Studien untersuchten empirisch rechtliche Änderungen des Präsentationsformats ex 

post, während wir in einem Experiment mittels der Eye-Tracking Technologie die 

Auswirkungen des geänderten Präsentationsformats nach IFRS 16 auf den Bewertungsprozess 

des Abschlusses untersuchen, bevor dieser Standard rechtsverbindlich wird. Wir stellen fest, 

dass die geänderte Darstellungsform von IFRS 16 die Erfassungsquote der 

Leasingverbindlichkeiten und des Leasinggegenstandes erhöht und die auf diese Positionen 

gelegte Gewichtung erhöht. Darüber hinaus werden Schlüsselkennzahlen wie langfristige 

Schulden, Vermögenswerte und Gesamtverbindlichkeiten vergleichsweise höher interpretiert, 

wenn die entsprechenden Informationen in der Bilanz und nicht in dem Anhang erfasst sind. 

Diese Änderungen in der Erfassungsquote, in der Gewichtung und in der Interpretation führen 

zu einer insgesamt schlechteren Beurteilung der finanziellen Gesamtsituation des 

Unternehmens, dessen Abschluss beurteilt wird. Der Vergleich von Eye-Tracking Daten mit 

Entscheidungsdaten ermöglicht es uns, bei der Beurteilung von Abschlüssen zwischen 

intuitiven und bewussten Prozessen von Einzelpersonen zu unterscheiden. Wir ergänzen daher 
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die bisherige Forschung zu den Entscheidungsprozessen von Individuen, indem wir 

Entscheidungsdaten mit Daten aus dem Blickverhalten von Individuen vergleichen. 

Das dritte Forschungspapier „Data Collection in Information Search Processes“ 

konzentriert sich auf die methodischen Fragen im Zusammenhang mit der Forschung zu 

Informationssuchprozessen. Die Verwendung von Maus-Tracking Techniken wie Mouselab, 

MouselabWeb oder Flashlight als Alternative zu Eye-Tracking Experimenten hat sich in den 

letzten Jahrzehnten verbreitet. Mehrere wissenschaftliche Studien zur Frage, ob die verwendete 

Technik einen Einfluss auf die beobachtete Entscheidung hat, wurden veröffentlicht. Im 

Gegensatz zu diesen Studien untersuchen wir, ob die Technik zur Erfassung von 

Informationssuchvorgängen den Suchprozess selbst beeinflusst. Wir zeigen, dass sowohl das 

Abdecken von Informationen als auch die Notwendigkeit, mit dem Mauszeiger Informationen 

aufzudecken, den Informationssuchprozess der Teilnehmer beeinflussen und die zur 

Beschreibung dieses Prozesses verwendeten Schlüsselgrößen erheblich verändern. Durch die 

Durchführung eines Experiments mit dem ‚city size task‘ können wir zeigen, dass Teilnehmer, 

die an einem Mouselab ähnlichen Experiment mit verdeckten Informationen teilnehmen, ein 

intuitives Suchverhalten in einen bewussten Suchprozess ändern. Darüber hinaus wird die 

Richtung der Informationssuche durch die Notwendigkeit beeinflusst, Informationen durch den 

Mauszeiger aufzudecken. Während die Richtigkeit der Beantwortung in unserer Aufgabe nicht 

durch die gewählte Methode der Prozessverfolgung beeinflusst wird, sind die aus den 

aufgezeichneten Prozessdaten abgeleiteten Größen stark abhängig von der gewählten Methode. 

Darüber hinaus ist die (Aus-)Wahl der Informationen verschieden, wenn ein Mouselab Design 

verwendet wird. Unsere Ergebnisse stellen daher die Annahme infrage, dass Maus-Tracking 

und Eye-Tracking direkt vergleichbare Technologien zur Erfassung von Prozessdaten sind. 
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The Effects of Mandatory Audit Firm Rotation and 

Joint Audits on Audit Quality and Market 

Structure: Experimental Evidence 

I. INTRODUCTION 

After the financial crisis beginning in 2007, regulators, practitioners, and academics 

resumed their discussion regarding the advantageousness of different audit market regulations 

in restoring investors’, creditors’, and the public’s confidence in corporate financial disclosures. 

In the meantime, regulators in several jurisdictions have made their decisions on the regulations 

to be imposed on the audit profession (for an overview, see Association of Chartered Certified 

Accountants (ACCA) (2011)). In the regulatory debate, two reasons for the auditors’ alleged 

misconducted during the financial crisis seemed relevant: First, there was the concern that the 

auditors’ incentives to exert a sufficient level of audit effort and to truthfully report to the public 

the findings of their audit had been too weak (Commission of the European Communities, 

2010). Second, in most countries, only a few large audit firms dominate the market for statutory 

audits of listed companies (Frankel et al., 2002; United States General Accounting Office 

(GAO), 2003; Ewert and London Economics, 2006; Abidin et al., 2010; Dunn et al., 2011; Le 

Vourc’h and Morand, 2011; Velte and Stiglbauer, 2012). Regulators regarded the high level of 

supplier concentration as precarious: An oligopolistic market structure could imply a limited 

degree of competition, severe barriers to market entry for smaller suppliers, a systemic risk 

resulting from the potential collapse of one of the Big 4 audit firms, clients’ lack of auditor 

choice, and low audit quality (see, e.g. European Parliament and Council of the European Union 

(2014)).  

The introduction of mandatory audit firm rotation after a certain period was one of the 

regulations that had been controversially discussed for decades (see, e.g., United States Senate 

(1976); American Institute of Certified Public Accountants (AICPA) (1978); Commission of 

the European Communities (1996, 2010); Public Company Accounting Oversight Board 

(PCAOB) (2011); House of Representatives (2013); European Parliament and Council of the 

European Union (2014)). Proponents of this regulation aimed at reducing the familiarity threat 

that could arise through long tenures so that audit quality would decline over an extended 

auditor-client relationship (Carey and Simnett, 2006; Dao et al., 2008; Davis et al., 2009). An 
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additional advantage was seen in the improvement of auditor independence because rotation 

decreases the future economic benefit the auditor can earn from a specific client (Moore et al., 

2006; Harris and Whisenant, 2012; Cameran et al., 2016). Proponents also argued that the 

rotation would decrease audit market concentration and foster competition. Opponents, in 

contrast, were afraid that the auditor would have to incur substantial start-up costs to get familiar 

with the client (United States General Accounting Office (GAO), 2003). Thus, the external 

rotation would reduce audit quality, in particular in the first year(s) of an engagement (Geiger 

and Raghunandan, 2002; Johnson et al., 2002; Myers et al., 2003; Carcello and Nagy, 2004; 

Ghosh and Moon, 2005; Gul et al., 2007; Knechel and Vanstraelen, 2007; Chen et al., 2008; 

Kwon et al., 2014; Cameran et al., 2015; Cameran et al., 2016; Mohrmann et al., 2018). 

Moreover, the client’s lack of qualified successors could facilitate opinion shopping. Mandatory 

audit firm rotation also could have adverse effects on the structure of the audit market 

(Comunale and Sexton, 2005; Gerakos and Syverson, 2015; Mohrmann et al., 2018), since the 

incumbent is prohibited from competing for a client after the audit firm’s maximum tenure has 

expired.  

In the European Union, audit firm rotation after ten years (plus an additional ten years if 

a public tendering is conducted) with a “cooling-off” period of four years is mandatory from 

17th June 2016 (European Parliament and Council, 2014). Other countries also had implemented 

this requirement, although the external rotation often was in effect only for a limited time span.1 

In the United States, in contrast, the Congress decided with “The Audit Integrity and Job 

Protection Act” against audit firm rotation (United States House of Representatives, 2013) 

because of the corresponding costs (United States General Accounting Office (GAO) (2003); 

see Roush et al. (2011) and Edwards (2014) for an overview).  

Regulators, academics, and the audit profession also have frequently discussed the 

implementation of joint audits, that is, audits in which two or more audit firms share the 

responsibility for the audit (Ratzinger-Sakel et al., 2012; André et al., 2016). Proponents argued 

that joint audits would lead to an increase in independence since two auditors would have to 

agree on a jointly issued report (see, e.g., Commission of the European Communities (2010)). 

Independence should also be higher because the auditors’ economic dependence should be 

lower than for single audits (Francis et al., 2009). Thus, joint audit were predicted to lead to an 

increase in audit quality (Zerni et al., 2012; Mohrmann et al., 2018). Moreover, supporters of 

                                                 
1  Italy currently prescribes the rotation of the statutory auditors of listed companies. In Poland, the rotation is 

mandatory for insurance companies. Some countries outside the European Union also have implemented the 
rotation (e.g., Brazil and China; see Ewelt-Knauer et al. (2012) for an overview). Several countries that had 
introduced mandatory audit firm rotation later repealed it (e.g., Austria, South Korea, Spain, and Turkey).  
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this regulation stated that the largest Non-Big 4 audit firms would benefit from the requirement 

of joint audits as they would gain market shares (see Commission of the European Communities 

(2010); for empirical evidence, see Piot (2007); Ballas and Fafaliou (2008); André et al. (2016); 

Guo et al. (2017)). Opponents of this regulation highlighted the risk of lower audit quality 

resulting from free riding, in particular if the consortium consisted of a Big 4 and a Non-Big 4 

audit firm (see Deng et al. (2014) for a game-theoretic analysis). Moreover, there was the 

concern that joint audits would increase audit fees (Zerni et al., 2012; André et al., 2016). 

In the European Union, the regulator decided against the implementation of joint audits. 

However, joint audits are encouraged, since companies opting for a joint audit benefit from the 

extension of the maximum tenure under rotation to 24 years. Currently, only France prescribes 

joint audits. In Denmark and in Sweden, joint audits had been mandatory until 2005 and until 

2006, respectively, but in Sweden only for banks (see Ratzinger-Sakel et al. (2012) for an 

overview). 

Given the mixed results on the effects both of mandatory audit firm rotation and joint 

audits, the question arises of whether the regulatory choices that have recently been made are 

well-grounded. For example, it is questionable whether the rotation really outperforms joint 

audits in terms of the aims that regulators in the European Union had envisaged, that is, in 

improving audit quality and decreasing concentration.  

To decide on the relative advantageousness of audit firm rotation vs. joint audits, one 

could compare the results of single-country studies that analyze the effects of individual 

measures using samples from countries where the regulations under consideration are in effect. 

One drawback of this approach is that comparing financial reporting quality, for which 

generally different proxies are used, across countries and/or over time brings on methodological 

problems. In particular, single-country studies often neglect other simultaneously occurring 

regulatory changes and potentially disruptive time trends. Institutional differences between the 

sample countries also cannot properly be taken into account. Cross-country studies mitigate 

some of these problems, but – depending on the research design – a causal interpretation of the 

results might still be problematic (Leuz and Wysocki, 2016). Moreover, empirical studies allow 

observing outcome variables (e.g., financial reporting quality and market structure), but not the 

processes leading to the observed result. To circumvent these problems, we designed an 

experiment to investigate the effects of mandatory audit firm rotation and joint audits.  

As a benchmark, we use two extreme market settings: (1) an unregulated market without 

any rules regarding the auditors’ tenures or the auditor-client matching (i.e., a setting for which 
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we expect a comparatively low quality of audited client reports); (2) a matching mechanism in 

which the experimental software matches those auditors who worked most precisely with the 

most dishonest clients (i.e., a setting for which we predict a high quality of audited client 

reports). Our matching mechanism has similarities to a suggestion of the Commission of the 

European Communities (2010), stating that “the Commission is considering the feasibility of a 

scenario where the audit role is one of statutory inspection wherein the appointment, 

remuneration and duration of the engagement would be the responsibility of a third party, 

perhaps a regulator, rather than the company itself”. A statutory inspection would have 

diminished the auditors’ and clients’ incentives to act strategically. Because of the 

corresponding bureaucratic costs and the lack of data necessary to conduct the auditor-client 

matching (e.g., measures of audit quality and the quality of unaudited financial reports), the 

implementation of a centralized allocation seems to be still a long way off (European Parliament 

and Council of the European Union (2011), No. 22).2 To the best of our knowledge, except for 

the health sector of the United Kingdom where the matching of audit firms and clients was 

centrally organized until 2012,3 a similar institution is currently not in effect in any audit 

market.  

Using a between-subjects design, we have observations from 315 participants interacting 

in 63 audit markets. We compare across the treatments representing an unregulated market, 

rotation, joint audits, and a centralized matching the clients’ reporting decisions, the auditors’ 

effort choices, the auditors’ attestation decisions, the resulting quality of audited client reports, 

and market concentration. For all of our measures, the results indicate that our participants 

understood the incentives resulting from the centralized matching. Thus, the differences in audit 

effort, auditor independence, clients’ over-reporting, and the quality of audited client reports 

between the treatment with a computerized matching based on reputation and the treatment 

with an unregulated market are as expected.  

Our findings indicate that auditors in the treatment with joint audits corrected 98% of the 

magnitude of clients’ over-reports. Thus, with regard to independence, joint audits seem to be 

equally efficient as a centralized matching. Under rotation, auditors did not correct a higher 

percentage of the extent of client over-reports than in an unregulated market, and we observe 

                                                 
2  However, several institutions are actually collecting data that could be useful to achieve an efficient matching 

(see, e.g., (American Institute of Certified Public Accountants (AICPA), 2014), (Center for Audit Quality 
(CAQ), 2014), and (International Auditing and Assurance Standards Board (IAASB), 2014)). 

3  The Audit Commission, formerly responsible for appointing the auditors, setting quality standards, deciding 
on audit fees, and overseeing the audit work, has been replaced by several bodies which are now in charge of 
these responsibilities. (Basioudis and Ellwood, 2005) find an increase in auditor independence in the former 
system.  
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by far the strongest deviation of the auditors’ reports from the results of their audits under 

rotation. Thus, in contrast to the aims the regulator had envisaged, rotation certainly does not 

improve independence if an unregulated market is the benchmark. We observe that the 

probability that an auditor will perform an audit increases from an unregulated market to 

rotation and joint audits, and is even higher with a computerized matching. However, with joint 

audits and a centralized matching, audit effort leads more often to a correct outcome than in an 

unregulated market and under rotation. We do not observe free riding in the case of joint audits. 

Thus, our evidence indicates that implementing mandatory audit firm rotation does not result 

in a strong increase in successful audit effort, whereas the implementation of joint audits does. 

The frequencies and the extent of clients’ over-reports are comparatively low under joint audits 

(i.e., similar to the values with a centralized matching, and considerably lower than in an 

unregulated market). Rotation leads to a much less pronounced decrease in the frequency and 

the extent of client over-reports (if an unregulated market is the benchmark). 

As a result, the percentage of correct auditor reports (i.e., our measure of the quality of 

audited financial statements) is lowest in an unregulated market, higher under rotation, even 

higher under joint audits, and highest under a computerized matching. Thus, from the 

regulator’s point of view, joint audits are clearly more effective in improving financial reporting 

quality than mandatory audit firm rotation. Moreover, we find that both joint audits and rotation 

result in a lower degree of market concentration than an unregulated market, but again, joint 

audits seem to be slightly more advantageous.  

Our paper contributes to the literature in several ways. First, we are the first to provide 

experimental evidence on the effects of joint audits. Second, we analyze the implications of 

mandatory audit firm rotation, joint audits, and a centralized matching mechanism as compared 

to an unregulated market within the same setting. In doing so, we improve the causality of the 

effects we observe, and thus can shed more light on the regulatory debate. Third, our approach 

allows not only observing outcome variables that measure the quality of audited financial 

statements and market structure, but also disentangling the treatment effects into audit effort, 

auditor independence, and client’s over-reporting (i.e., into variables that archival researchers 

cannot easily observe). Our results thus help analyzing the channels through which regulations 

work. 

The remainder of the paper is structured as follows. In Section 2, we review the literature. 

In Section 3, we describe the design of our experiment, and in Section 4, we develop the 
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hypotheses. We report our results in Section 5. In Section 6, we provide a conclusion and 

discuss the limitations of our study. 

II. RELATED LITERATURE 

Audit market regulations can affect financial reporting quality through two different 

channels. First, regulations can have incentive effects as they directly affect (1) the managers’ 

incentives to prepare financial statements that correctly reflect the economic condition of their 

firms and (2) the auditors’ incentives to exert a sufficient degree of audit effort and to report 

truthfully to the public the findings of their audit. Second, audit market regulations—at least in 

the long-run—can have an impact on the number of audit firms active in the market (i.e., audit 

market concentration) and the degree of competition between the suppliers of audit services. 

These market structure effects resulting from regulations, in turn, can affect the quality of 

audited financial statements (Bleibtreu and Stefani, 2018a; Bleibtreu and Stefani, 2018b). For 

example, an auditor’s market share affects the economic importance of a specific client, and 

thus the auditor’s incentive to remain independent. In the following, we separately review the 

literature on incentive effects and on market structure effects resulting from the implementation 

of mandatory audit firm rotation and joint audits. 

Incentive Effects of Mandatory Audit Firm Rotation 

Empirical studies on the incentive effects of mandatory audit firm rotation suffer from 

the problem of data availability. Countries like South Korea, Turkey, Spain, and Austria had 

introduced the rotation, but later repealed this regulation. In the European Union, the audit firm 

rotation after ten years (with a “cooling-off” period of four years) is mandatory only since 2016, 

and in the United States, the regulator has decided not to implement this regulation (for an 

overview, see Mohrmann et al. (2018)). Thus, only few archival studies make use of enforced 

changes in audit firms. Kwon et al. (2014) and Cameran et al. (2015) document for a sample of 

Korean and Italian firms, respectively, that – although audit fees are higher under mandatory 

rotation – audit quality is not improved. Cameran et al. (2016) even find that the auditor 

becomes more conservative (i.e., audit quality is higher) in the engagement period preceding 

the mandatory auditor change. In a cross-country study, Mohrmann et al. (2018) also show that 

audit firm rotation is negatively associated with audit quality (as measured by the absolute 

discretionary accruals). 

Several studies base their analyses on samples of firms voluntarily changing their auditors 

(see Ewelt-Knauer et al. (2012) and Lennox (2014) for an overview). However, due to a self-
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selection bias, the applicability of the results for predicting the effects resulting from mandatory 

audit firm rotation is limited. Moreover, the empirical evidence is mixed. The results of Dao et 

al. (2008) and Davis et al. (2009) indicate that rotation is advantageous as audit quality declines 

over an extended auditor-client relationship. Other studies, in contrast, suggest that rotation is 

detrimental since the quality of audited financial statements is higher in long-term relationships 

(see, e.g., Myers et al. (2003); Chen et al. (2008)), or lower during the first year(s) of a new 

mandate (see, e.g., Geiger and Raghunandan (2002); Johnson et al. (2002); Carcello and Nagy 

(2004); Davis et al. (2009)).  

There are also analytical papers on the incentive effects of mandatory rotation. Arrunada 

and Paz-Ares (1997) argue that the rotation is disadvantageous as it increases audit costs and 

audit fees, weakens competition, and decreases audit quality. However, Arrunada and Paz-Ares 

(1997) do not explicitly model the clients’ choices of the successor under rotation. Summer 

(1998) also concludes that the rotation has adverse effects. In a model with independent vs. 

opportunistic auditors and clients with risky vs. safe projects, he shows that the rotation 

weakens the auditors’ incentives to build a reputation for being independent. Chi et al. (2004) 

derive the opposite result for a two-period game with a manager, a creditor, and an auditor. The 

intuition is that auditors who have a reputation for independence with the creditor can charge a 

fee premium after an enforced auditor change. Assuming identical audit technologies and a 

perfectly competitive audit market, Church and Zhang (2006) also show that mandatory rotation 

improves independence, as this regulation results in a finite auditor-client game in which truth-

telling is an equilibrium (see also Magee and Tseng (1990); Zhang (1999)). However, Church 

and Zhang (2006) document that the net benefit of the rotation is sensitive to the rotation period, 

the start-up costs, the costs associated with biased reports, the auditors’ learning, and the time 

span of managers’ incentives. Lu and Sivaramakrishnan (2009) explicitly take into account the 

clients’ investment decisions and auditor choices in a capital market context. They show that, 

when firms engage in opinion shopping, rotation improves investment efficiency for some 

firms, but decreases efficiency for others. 

Market Structure Effects of Mandatory Audit Firm Rotation 

The market structure effects resulting from mandatory audit firm rotation have been 

studied mainly based on simulations. Using a Markov model, Comunale and Sexton (2005) find 

that the external rotation would have significant long-term effects on the market shares of the 

Big 5 audit firms active in the Standard & Poor’s 500 market. Gerakos and Syverson (2015) 

argue that audit firm rotation decreases competition, because the rotation prohibits the 
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incumbent from participating in a tender after the audit firm’s maximum tenure has expired. 

Gerakos and Syverson (2015) estimate that audit firm rotation after ten years would result in 

consumer surplus losses of approximately 2.7 billion USD and an annual increase in audit fees 

of 0.75 to 1.3 billion USD per year. The results of the cross-country study of Mohrmann et al. 

(2018) indicate that audit firm rotation is unrelated to concentration (as measured by the CR4), 

but negatively associated with competition, that is, mandatory audit firm rotation reduces the 

number of audit firms active in the market.  

Incentive Effects of Joint Audits 

Data availability is also a problem for empirical studies addressing the incentive effects 

of joint audits. Joint audits are currently mandatory only in France. In Denmark, joint audits 

had been mandatory until 2005 (see Ratzinger-Sakel et al. (2012); Mohrmann et al. (2018) for 

an overview), and in Sweden, joint audits had been mandatory for banks until 2006 (see Velte 

and Azibi (2015)). The scarce empirical evidence regarding the effects of joint audits on audit 

quality is mixed. Lesage et al. (2012) and Velte and Azibi (2015) do not find a significant effect 

of joint audits on audit quality for firms from Denmark and from France vs. Germany, 

respectively. In contrast, in their cross-country study, Mohrmann et al. (2018) observe a 

significantly negative association between joint audits and the absolute discretionary accruals, 

and Zerni et al. (2012) document higher audit quality for Swedish firms voluntarily applying 

joint audits.  

There is also evidence that the type of audit firms involved in the consortium affects audit 

quality. Francis et al. (2009) report an increase in audit quality as the number of Big 4 auditors 

taking part in the consortium increases. In line with this empirical finding, the theoretical work 

of Deng et al. (2014) highlights the role of the size of the audit firms involved in joint audits. 

While a joint audit with two Big 4 auditors results in audit quality that is similar to that of a Big 

4 single audit, free riding decreases quality in a consortium of a Big 4 and a Non-Big 4 audit 

firm. However, joint audits also could improve audit quality irrespective of the type of audit 

firms involved. First, it is quite unlikely that both auditors would agree to impair their 

independence. Second, the auditors’ future economic benefits derived from a joint audit should 

be lower than those earned from a single audit (Francis et al., 2009). 

Market Structure Effects of Joint Audits 

Gonthier-Besacier and Schatt (2007) and Thinggaard and Kiertzner (2008) argue that 

coordination costs are higher if a Big 4 and a Non-Big 4 auditor jointly perform the audit. Thus, 

concentration should be higher if joint audits are mandatory. In contrast to this argument, 
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Francis et al. (2009) report that a majority of joint audits in France are conducted by a 

combination of a Big 4 and a Non-Big 4 audit firm (52%); only 12% of French firms hire two 

Big 4 audit firms. In line with this finding, André et al. (2016) document that the market share 

of Non-Big 4 audit firms is higher in France than in the United Kingdom (i.e., concentration is 

lower with joint audits), and Piot (2008) and Ballas and Fafaliou (2008) document lower 

concentration rates in France than in other European countries. However, it remains unclear 

whether this finding is a result of joint audits or of other country-level differences. Guo et al. 

(2017) present a simulation of a structural discrete choice model, showing that small and mid-

tier audit firms could gain market shares in a joint audit regime if an equal allocation of the 

workload within the consortium is not required. 

For a Danish sample, Lesage et al. (2012) do not find a significant effect of joint audits 

on audit fees. In contrast, André et al. (2016) state significantly higher audit fees in France than 

in the United Kingdom, and Zerni et al. (2012) document higher audit fees for Swedish firms 

voluntarily applying joint audits. These results could be either explained with the coordination 

costs incurred by auditors who jointly perform the audit (as compared to single auditors) or 

with decreased competition. In contrast Ittonen and Peni (2012) show that voluntary joint audits 

for companies in Denmark, Finland, and Sweden are less costly than single audits. In line with 

the argument of a decrease in competition, Mohrmann et al. (2018) document a significantly 

negative link between joint audits and the number of auditor changes, but the results are mainly 

based on the repeal of the requirement of joint audits in Denmark during the sample period.  

The Link between Market Structure and Financial Reporting Quality 

There is evidence that the implementation of both mandatory audit firm rotation and joint 

audits affects the structure of the audit market. Since regulators aim at simultaneously 

increasing audit quality and at decreasing concentration, the question of whether there is a link 

between these goals is important. However, the results are inconclusive. Whereas 

Bandyopadhyay and Kao (2001) and Boone et al. (2012) find a negative association between 

absolute concentration and the quality of audited financial statements, Kallapur et al. (2010), 

Dunn et al. (2013), and Newton et al. (2013) provide evidence for a positive link. Francis et al. 

(2013) show that audit quality is higher in countries where the Big 4 have a larger combined 

market share, but that audit quality is lower in countries where the inequality of the market 

share distribution among the Big 4 is higher. In line with the latter result, Numan and Willekens 

(2012) find that audit quality is lower when there is more competitive pressure from the audit 



 II. Related Literature 

 

22 
 

firm’s closest competitor. Note that a high level of concentration does not imply weak 

competition (Sirois and Simunic, 2011; Simunic, 2014).  

For audit firm rotation, there is evidence of a moderating effect of the structure of the 

audit market. Gietzmann and Sen (2002) address the role of concentration in the effects of audit 

firm rotation in an analytical model with an owner, a manager, and an auditor. The results 

indicate that the benefits resulting from an increase in independence and the reduction of risk 

of collusion can outweigh the additional costs of the rotation in audit markets with few large 

clients.  

Bleibtreu and Stefani (2018b) simultaneously analyze the incentive and the market 

structure effects of audit firm rotation. They show analytically that the rotation might have 

unintended consequences, because decreasing client importance (i.e., strengthening auditor 

independence) and reducing concentration are conflicting goals. The rotation leads to an 

increase in the number of audit firms active in the market only if the auditors’ start-up costs are 

high and the discount factor is low.  

Experimental Evidence on the Effects of Audit Market Regulations 

The main advantage of archival studies is that they allow simultaneously taking account 

of a variety of institutional, market, client, and auditor characteristics. However, the main 

drawback is that sound econometric techniques and/or naturally occurring “experimental 

variables” are necessary to claim causality of the effects identified. Experiments can effectively 

address this concern; however, they necessarily neglect the richness of information observed in 

reality. Experimental studies already have addressed the question of how regulations affect 

financial reporting quality.  

In a decision experiment, Jennings et al. (2006) and Kaplan and Mauldin (2008) 

investigate the effects of partner rotation vs. audit firm rotation on auditor independence 

perceptions, using as participants professional judges and non-professional investors, 

respectively. Whereas Jennings et al. (2006) find that audit firm rotation enhances independence 

perceptions, Kaplan and Mauldin (2008) show that the rotation does not significantly affect the 

addressees’ independence perceptions. Daniels and Booker (2011) explore loan officers’ 

perceptions of auditor independence and audit quality under three experimental audit firm 

rotation scenarios. They find that the rotation improves independence perceptions but does not 

affect the perception of audit quality. Using CPA firm employees as participants, Arel et al. 

(2006) analyze whether the rotation affects the likelihood that public accountants will modify 

their audit report because the audit firm’s staff identified a material misstatement. Their results 
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indicate that under rotation, auditors are more likely to issue modified audit opinions, given that 

a material misstatement is present. These studies have improved our understanding of the 

effects resulting from regulations; however, as decision experiments, they do not take into 

account the strategic interaction between the parties involved; they also do not address the 

regulations’ effects on the market level.  

However, some experiments explicitly investigate the auditor-client interaction. Closely 

related to our study is the work of Dopuch et al. (2001), who focus on the effects of audit firm 

rotation and retention on auditor independence. In their experiment, audit firm rotation 

significantly decreases the auditors’ “willingness to bias their reports in favor of management” 

(Dopuch et al., 2001, p. 95). However, their study does not allow drawing conclusions regarding 

the clients’ reporting behavior because participants in the role of the client did not actively 

“cook the books”, but chose one out of three investment options. Participants in the role of the 

auditor could not make mistakes in assessing the clients’ financial reports (i.e., they had a 

perfect audit technology), and their reports could not deviate from the result of the audit (i.e., 

independence was not at risk). Moreover, clients could not dismiss their auditors unless the 

rotation was required, and then the auditor-client matching was randomly done and anonymous 

(i.e., reputation building was neither possible nor would it have had any effects). Wang and 

Tuttle (2009), who analyze whether rotation affects the process of auditor-client negotiations, 

address part of this criticism. They argue that rotation increases both the number of clients who 

are seeking a new auditor and the client’s political costs associated with an auditor change. 

Since these effects decrease the willingness of both the auditor and the client to cooperate 

during negotiations, client-preferred reporting by auditors was less likely under rotation. Using 

a design similar to that of Dopuch et al. (2001), Bowlin et al. (2015) test the impact of framing 

effects, the audit firm rotation, and the communication on the auditors’ assessments of the 

client’s honesty and the related “audit effort choice” in a simple 2x2 decision experiment. They 

find that a framing of the auditor’s honesty assessment task in a positive way and honesty 

attributions are positively correlated. In addition, audit firm rotation decreases (increases) their 

measure of audit quality if a negative (positive) frame is used. These studies provide more 

evidence on the incentive effects caused by the implementation of mandatory audit firm 

rotation; however, they neglect the effects on market structure. Moreover, to the best of our 

knowledge, an experiment on joint audits has not yet been conducted. 

We designed our experiment to address the impact of audit market regulations on the 

clients’ reporting decisions, the auditors’ effort decisions, the auditors’ confirmation decisions, 

and market structure. Moreover, we simultaneously analyze the effects of mandatory audit firm 
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rotation and joint audits, as compared to the two extremes of an unregulated market and a 

centralized matching in which the experimental software matches the best-performing auditors 

with the most dishonest clients. Up to now, there is no experimental study comparing these 

regulations across a set of variables that is richer than that already tested in the laboratory.  

III. EXPERIMENTAL DESIGN 

General Setting 

To experimentally investigate the effects of audit market regulations, we implemented 

four treatments: (1) a setting without any restrictions on the contractual relationship between 

the auditor and the client, that is, an unregulated market (treatment NOREST); (2) a setting with 

mandatory audit firm rotation in which clients had to change auditors after four periods and to 

take account of a “cooling-off” of two periods (treatment ROTATION); (3) a setting with 

mandatory joint audits in which two auditors shared the audit work and jointly issued a report 

(treatment JOINT); and (4) a setting with a centralized matching of the best-performing auditors 

with the most dishonest clients (treatment MATCHING).  

We applied a between-subjects design (i.e., each participant experienced only one 

treatment). We used a neutral framing for the experiment, that is, we did not mention the labels 

“auditor” or “client” in the instructions. Thus, participants could be in the role of A or in the 

role of C. Participants in the role of A or C made the decisions of an auditor or a client, 

respectively. The experimental software randomly assigned participants their roles, which they 

maintained for the whole session.  

At the beginning of each session, we randomly built matching groups of five participants 

to increase the number of independent observations. We held the matching groups’ composition 

constant during a session. Since a matching group contained three auditors, but only two clients, 

there was competition on our experimental audit markets. In all of the treatments, both clients 

in a matching group could hire the same auditor (or auditor pair in the treatment JOINT). Thus, 

in each round of the treatments NOREST, ROTATION, and MATCHING, one or two 

auditor(s), at the maximum, could have failed to acquire a client. In the treatment JOINT, one 

auditor per round could be out of engagement. 

Each session of the treatments NOREST, ROTATION, and MATCHING had 15 rounds. 

The treatment JOINT was more complex than the other treatments: First, the clients’ hiring 

decisions were more complex, since they had to find two auditors instead of one. Second, both 
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auditors of an auditor pair had to agree on a joint report in an additional negotiation stage. Thus, 

one round took more time in the treatment JOINT than in the remaining treatments. To hold 

constant across our treatments the time participants spent in the lab, we reduced the number of 

sessions to ten in the treatment JOINT. We announced the preponed end of the sessions of the 

treatment JOINT just before the tenth round had started.  

We programmed our experiment using z-Tree (Fischbacher, 2007) and recruited our 

participants via ORSEE (Greiner, 2015). Our participants were students from both the 

University and the University of Applied Sciences at the same town. Before conducting the 

main experiment, we pre-tested the design of our treatments using experienced participants. We 

exclude the data from the pretest sessions from the statistical analysis. From our main 

experiment, we have observations from 315 participants interacting in 63 audit markets. Table 

1 shows the number of participants, the number of audit markets, and the number of sessions 

per treatment. 

Table 1: Number of participants, by treatment. 

 Auditors 
 

Clients 
 

Total 
 

Matching 
Groups 

Sessions 
 

NOREST 57 38 95 19 5 

ROTATION 48 32 80 16 4 

JOINT 45 30 75 15 4 

MATCHING 39 26 65 13 4 

Total 189 126 315 63 17 

Note: This table shows for our treatments NOREST, ROTATION, JOINT, and MATCHING the number 
of participants in the role of an auditor and in the role of a client, respectively, the total number of 
participants, the number of matching groups, and the number of sessions conducted. 

43.5 percent of our participants were male; on average, our participants were 21.7 years 

old. 28.25 percent of them had an employment; the average monthly amount of money available 

to them was 530.23 EURO (approximately 584.15 USD at the time of the experiment).  

After all participants had carefully read the written instructions and correctly answered 

some control questions, we orally summarized the instructions to ensure that all of the 

participants knew that the instructions for the different roles defined the same set of rules. 

During the experiment, we rewarded participants with the experimental currency “Points”. At 

the end of the experiment, we converted Points into Euros (with a conversion rate of 100 Points 

= 1 Euro ≈ 1.1017 USD at the time of our experiment) and anonymously paid the resulting 



 III. Experimental Design 

 

26 
 

amount in cash, in addition to the show-up fee of 5 Euros (approximately 5.51 USD), to our 

participants.  

Clients’ Hiring Decisions 

At the beginning of each round of the treatments NOREST, ROTATION, and JOINT, 

each participant in the role of the client had to make the decision on which auditor(s) to hire. 

For this purpose, clients received information about the behavior in the previous rounds of the 

auditors in the same matching group. 

In the treatment NOREST, clients could select one of the three auditors in the client’s 

matching group for as many consecutive rounds as they liked. In the treatment ROTATION, 

clients could hire the same auditor only for four rounds, but then had to choose a different 

auditor from the matching group for at least two “cooling-off” rounds. After the “cooling-off” 

rounds had elapsed, clients had the option to hire the first auditor again. In each round, clients 

had to hire one auditor in the treatments NOREST and ROTATION, but clients needed to hire 

two different auditors from the same matching group, who were jointly responsible for their 

report, in the treatment JOINT.  

In the treatment MATCHING, clients did not make a hiring decision, but the experimental 

software automatically matched auditors and clients. The matching mechanism assigned those 

auditors who had the best performance in the preceding rounds, compared to the auditors within 

the same matching group, to the clients who relatively often reported dishonestly.4 A random 

process specified the matching in the first round. To make the clients’ reporting decisions in 

the treatment MATCHING comparable to those in the treatments NOREST, ROTATION, and 

JOINT, clients in the treatment MATCHING received the same information about their auditor 

as in the hiring stages of the treatments NOREST, ROTATION, and JOINT.  

Clients’ Reporting Decisions  

In every round, clients received a 12 12×  matrix consisting of a random number of ones 

and zeros.5 In addition, clients were precisely informed about the number T of ones actually 

                                                 
4  For the client’s over-reporting score, the number of rounds in which he/she over-reported the number of ones 

actually contained in his/her matrix was relevant. For the auditor, the number of rounds in which he/she 
correctly confirmed the number of ones contained in his/her client’s matrix increased the performance score, 
whereas the number of rounds in which he/she intentionally or unintentionally reported an incorrect number of 
ones contained in the client’s matrix decreased the performance score. The ranking of the auditors’ and the 
clients’ scores relatively to all of the participants in the same role within the same matching group determined 
the matching.  

5  More precisely, for each of the 144 entries of the matrix, the experimental software drew from a normal 
distribution and rounded the resulting value to zero or one. The number of ones contained in the clients’ 
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contained in their matrix, with 0 144T≤ ≤ . Clients now had to communicate to the auditor(s) 

they had hired (NOREST, ROTATION, and JOINT) or with whom they had been matched 

(MATCHING) a number CR  representing the number of ones contained in their matrix. The 

clients’ reports had to be in the range of 0 144CR≤ ≤ . Auditors later had to make a report AR  

regarding the number T of ones contained in their client’s matrix. The larger the number of ones 

that clients had reported and auditors had confirmed was the higher was the clients’ payoffs. 

Thus, clients who expected their auditors to confirm overstated numbers had an incentive to 

over-report the number T. 

Auditors’ Effort Decisions 

Auditors who had been hired by a client in the treatments NOREST, ROTATION, and 

JOINT, or who had been matched with a client in the treatment MATCHING, received 

information about the number of ones that their client had reported, CR , the matrix their client’s 

report was based on, but not the number T of ones actually contained in the matrix. Auditors 

now could either blindly confirm the client’s report CR  or counter-check whether CR  coincided 

with T.  

For counter-checking, auditors could use a counter on the screen that counted those 

entries in the matrix that the auditor marked, resulting in a counted value of 0 144AC≤ ≤  (in 

the treatments NOREST, ROTATION, and MATCHING). The counter increased by every 

marked entry, irrespective of whether the mark was correct or incorrect. Auditors thus could 

make mistakes, resulting in a counted value AC  that differed from the correct value T.  

In the treatment JOINT, the information displayed and the representation of the matrix 

was identical to that in the other treatments. However, the audit process differed from that in 

the remaining treatments: Both auditors a client had hired received the whole matrix on which 

the client’s report CR  was based on, but each auditor was responsible for checking only half of 

the matrix. A white background clearly characterized the part of the matrix for which each 

auditor was accountable. The part of the matrix that the other auditor should verify was covered 

in grey, but still completely readable. Counters were implemented for both parts of the matrix 

(i.e., for the half that was relevant for the auditor and for the other half that was relevant for the 

other auditor hired by the same client). This procedure enabled both auditors not only to check 

their own part, but also to cross-check the other auditor’s results.  

                                                 
matrices is, on average, 72.03 in the treatment NOREST, 71.44 in the treatment ROTATION, 72.16 in the 
treatment JOINT, and 71.28 in the treatment MATCHING. The overall mean of ones is 71.72. 
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Since auditing was a real-effort task, auditors did not incur a reduction in their monetary 

payoffs for exerting audit effort. However, counter-checking the client’s report might 

nevertheless have caused (unknown) disutility of effort.6 

Auditors’ Reporting Decisions 

In the treatments NOREST, ROTATION, and MATCHING, auditors individually had to 

decide on the number AR  they confirmed ( 0 144AR≤ ≤ ). The number AR  auditors approved 

did not have to be identical to the number AC  of ones that auditors had counted; in fact, using 

the counter was not even necessary to complete a round.  

In the treatment JOINT, the numbers 1AR  and 2AR  that auditors wanted to report also did 

not have to coincide with the auditors’ counts 1AC  and 2AC , but had to be in the range of 0 and 

72 for each auditor. After both auditors had submitted their individual reports, they entered a 

negotiation stage in which they had to decide on their joint report AR , which was defined as the 

sum of the individual reports, 1 2A AR R+ , and likewise determined both auditors’ payoffs (

0 144AR≤ ≤ ). More precisely, auditors could either accept a joint report of 1 2A A AR R R= + , or 

adjust the numbers 1AR  and 2AR  they wanted to report for their part of the matrix. During the 

negotiation stage, auditors saw the information about the number of the negotiation round, the 

number CR  their client had reported, the number 1AR  (or 2AR ) they had reported for their 

allocated part of the matrix, the other auditor’s report 2AR  (or 1AR ) for the other part of the 

matrix, and the sum 1 2A A AR R R= +  of the two individual reports. Auditors could repeat this 

stage three times. If auditors did not come to an agreement at the end of the third round, both 

auditors received a payoff of zero Points in the respective round.7 We implemented this quitting 

rule to ensure that sessions in the treatment JOINT did not take too much time. 

The Clients’ Payoffs 

In each round, the clients’ payoffs did not only depend on their own report CR , but also 

on the auditor’s’ decisions to confirm a number AR . If clients truthfully reported the number T 

of ones contained in their matrix (i.e., CR T= ), the payoff in Points for this round, PC, was 

( ) .= =C CP R T T   (1) 

                                                 
6  As we randomly allocated participants with potentially heterogeneous disutility of effort to the sessions of our 

treatments, the distribution of participants who were curious, liked gaming, or disliked counting numbers 
should be comparable across the treatments. 

7  Negotiations failed in only 2% of the cases after the third round (i.e., in 6 out of 300 audits, where 5 out of 
these 6 audits were conducted from the same auditor pair). The probability that an auditor pair would not agree 
on a joint report was thus rather low (see Table 3).  
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Reporting a number CR  of ones that exceeded the number T of ones contained in the 

matrix (i.e., CR T> ) increased the clients’ payoffs if auditors either intentionally collaborated 

or did not perform a proper audit and thus unintentionally confirmed a number higher than T. 

If auditors approved the clients’ over-reports (i.e., A CR R T= > ) or even corrected the clients’ 

reports upwards (i.e., A CR R T> > ), clients received the number CR  they reported as a payoff 

in Points: 

( )C A C CP R R T R≥ > = .  (2) 

Nevertheless, the clients’ payoffs decreased if auditors detected their over-reporting and 

corrected the reported number CR  downwards to the approved number AR . If the approved 

number AR  still exceeded the number T (i.e., C AR R T> ≥ ), clients received as a payoff the 

auditor’s report of AR , minus 0.5 times the difference between the number CR  they reported 

and the (lower) number AR  the auditor approved:  

( ) 0.5 ( ) 1.5 0.5C C A A C A A CP R R T R R R R R> ≥ = − ⋅ − = ⋅ − ⋅ .  (3) 

The payoff rule thus sanctioned clients for over-reporting if auditors did not confirm an 

incorrect report. However, it also protected clients against auditors who corrected the client’s 

over-report too much. If auditors approved a number AR  that was lower than the actual number 

T, clients received as a payoff T Points, minus 0.5 times the difference between CR  and T: 

( ) 0.5 ( ) 1.5 0.5C C A C CP R T R T R T T R≥ > = − ⋅ − = ⋅ − ⋅ .  (4) 

The Auditors’ Payoffs 

Auditors who were hired received a fixed wage of 50 Points in the treatments NOREST, 

ROTATION, and MATCHING, and a fixed wage of 25 Points in the treatment JOINT.8 

However, auditors incurred costs for incorrectly reporting the number T, that is, for 

unintentionally confirming an incorrect report CR  of the client and for approving incorrect 

reports against better knowledge. Note that only the reporting decisions were directly payoff-

relevant for the auditors, whereas performance in the audit task did not directly affect the 

auditors’ payoffs.  

                                                 
8   Since in the treatment JOINT, the probability of being hired as an auditor was twice as large as in the remaining 

treatments, the fixed wage in the treatment JOINT was half the fixed wage earned in the remaining treatments. 
Thus, the expected payoffs were constant across the treatments.  
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In the treatments NOREST, ROTATION, and MATCHING, if auditors confirmed a 

number AR  that deviated from the number T of ones contained in the client’s matrix, the 

auditors’ payoffs were reduced by 0.5 times the absolute difference between the approved 

number AR  and the number T:  

50 0.5A AP T R= − ⋅ − .  (5) 

In the treatment JOINT, the auditors’ payoffs were  

25 0.25A AP T R= − ⋅ − .9   (6) 

In the treatment JOINT, both auditors of an auditor pair earned zero Points in a round if 

they did not manage to agree on a joint report by the third round of the negotiation stage.  

We collected data both on the auditor’s performance in the counter-checking task, AC , 

and on the auditor’s reporting decision, AR , given the client’s report CR  and the actual number 

T. Our design thus allows distinguishing cases where auditors did not report correctly due to a 

poor performance in the audit task from cases where they intentionally approved false client 

reports.  

Information and Feedback 

In every single round, auditors received the following information: the number of the 

current round; the subject-ID (C1, C2) of the client who had hired the auditor (treatments 

NOREST, ROTATION, and JOINT) or of the client the auditor was matched with (treatment 

MATCHING); the number of rounds in which any auditor who had been hired by this client 

had corrected the client’s incorrect report (e.g., the frequency of corrected over-reports); the 

number of rounds in which this client’s incorrect report had not been corrected (e.g., the 

frequency of uncorrected over-reports); and the number of rounds in which this client had been 

reporting correctly (e.g., the frequency of correct reports).  

In the stage in which clients made their hiring decisions, the experimental software 

showed them the following information: the number of the current round; the subject-IDs of 

the auditors active in the same matching group (A1, A2, A3); the number of rounds in which 

each auditor in the same matching group had been hired (i.e., the employment rate); the number 

of rounds in which these auditors’ clients had reported correctly, individually for each auditor 

in the matching group (i.e., the frequency of reports the auditor would not have been required 

                                                 
9  To hold the expected payoffs constant across the treatments, the penalty factor in the treatment JOINT was half 

the penalty factor applicable in the remaining treatments.  
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to correct); the number of rounds in which the auditors in the matching group had not detected 

incorrect reports, individually for each auditor (i.e., the frequency of incorrect auditor reports); 

and the number of ones corrected by the auditors in relation to the number of ones clients added 

in their reports to the number of ones contained in their matrices, in percent, individually for 

each auditor (i.e., the correction rate).  

After participants had made their decisions, the experimental software informed them 

about the outcome resulting in the respective round. Before the next round started, the 

experimental software showed the auditor and the client the decisions the other party had made 

in the current round, the own decisions, and the own payoff in Points. Table 2 reports the 

performance-contingent payments (i.e., the payments excluding the show-up fee) that auditors 

and clients received during the sessions of our treatments. The payoffs participants received for 

taking part in an experiment that lasted approximately two hours exceeded the hourly wage rate 

of student assistants, although auditors earned, on average, less than clients did.  
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Table 2: Average performance-contingent payments, by treatment. 

 Auditors Clients 

Points Euro USD Points Euro USD 

NOREST 175.07 
(252.49) 

17.507 
(25.249) 

19.29 
(27.82) 

404.66 
(596.44) 

40.466 
(59.644) 

44.58 
(65.71) 

ROTATION 175.58 
(254.65) 

17.558 
(25.465) 

19.34 
(28.05) 

402.64 
(588.68) 

40.264 
(58.868) 

44.36 
(64.85) 

JOINT 175.88 17.588 19.38 392.87 39.287 43.28 

MATCHING 182.31 
(265.55) 

18.231 
(26.555) 

20.09 
(29.26) 

383.16 
(558.76) 

38.316 
(55.876) 

42.21 
(61.56) 

Total 177.21 
(257.13) 

17.721 
(25.713) 

19.52 
(28.33) 

395.83 
(582.49) 

39.583 
(58.249) 

43.61 
(64.17) 

Note: For our treatments NOREST, ROTATION, JOINT, and MATCHING, this table reports the average 
performance-contingent payments (in Points, in Euro, and in USD) that participants in the role of an 
auditor and in the role of a client earned during the experiment by the end of round ten. The average 
payments earned by the end of round 15 are reported in parenthesis. In addition to the values reported 
in the table, participants received a show-up fee of 5 Euro (5.51 USD). 

IV. PREDICTIONS AND HYPOTHESES 

Predictions According to Standard Economic Theory 

According to standard economic theory, players act on pure self-interest, maximize their 

monetary payoffs, have rational expectations, and know that the other players also decide 

according to these assumptions. Social preferences (i.e., inequity aversion, altruism, lying-

aversion etc.), in contrast, are considered irrelevant. Under these assumptions, we should not 

observe differences in the behavior of our participants across the treatments of our experiment. 

In particular, clients should report truthfully and auditors should confirm the correctly reported 

value T contained in their client’s matrix: 

In the last round of a session of the treatments NOREST, ROTATION, and MATCHING, 

auditors who know the number T of ones actually contained in the client’s matrix maximize 

their payoffs as given by formula (5) by confirming T (i.e., AR T= ). A correct report also 

maximizes the auditors’ payoffs as given by formula (6) in the treatment JOINT; as each auditor 

in the treatment JOINT reports truthfully, the joint report is correct.  
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Applying backwards induction shows that auditors report truthfully in each round; put 

differently, they cannot credibly signal that they will confirm clients’ reports exceeding the 

number T of ones contained in their matrix.  

Since we implemented a real-effort task, auditors did not have to incur monetary 

consequences for counter-checking the client’s report.10 Thus, standard economic theory 

predicts that auditors will correctly count the number of ones contained in their client’s matrix 

in order to avoid the sanctions resulting from a report deviating from the number T.  

If clients anticipate the auditors’ strategy of reporting AR T=  in each round, their payoff-

maximizing strategy is to report CR T=  in each round, as their payoff function becomes 

( ) 0.5 ( ) 1.5 0.5C C A C CP R R T T R T T R≥ = = − ⋅ − = ⋅ − ⋅ .11   (7) 

Because standard economic theory predicts that clients will report truthfully and auditors 

will issue a correct report stating the number of ones contained in their client’s matrix for all of 

our four treatments, we should not observe behavioral differences across our treatments. Thus, 

the quality of audited client reports should be identical for all of our treatments. Moreover, since 

clients should be indifferent between the auditors in their matching group (i.e., they should 

randomly choose an auditor), and clients did not have to incur monetary switching costs, the 

auditors’ market shares should be identical in all of our treatments. 

Behavioral Predictions and Hypotheses 

However, even if players act under rational self-interest, a situation in which both the 

client and the auditor deviate from truthful reporting can evolve. If clients overstate a given 

value of T, they risk losing the difference between the payoff earned should the auditor confirm 

this value, ( )C A CP R R T≥ > , and the payoff resulting from a downwards correction of this 

over-report by the auditor, ( )C C AP R R T> ≥ ) (i.e., 1.5 ( )C AR R∆ = ⋅ − ). Since the clients’ 

potential payoff losses increase in their report CR , they will over-report only if they expect a 

positive return, that is, if the clients’ belief is that auditors will cooperate. However, auditors 

incur monetary sanctions of AT R−  for confirming clients’ over-reports. Nevertheless, if the 

auditors’ belief is that clients will reciprocate by re-hiring in the next round an auditor who 

                                                 
10  Under standard assumptions, we do not have to take into account the auditor’s (unknown) disutility of effort. 

Since the auditor’s disutility of effort is constant across treatments, it also does not affect the treatment 
comparisons. 

11  To hold the expected payoffs constant across the treatments, the penalty factor in the treatment JOINT was half 
the penalty factor applicable in the remaining treatments.  
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signals that he / she is of the preferred type, auditors have an incentive to build a reputation for 

being cooperative, even if confirming over-reports is costly.12 In our experiment, the incentive 

for reputation building was present because of the competition in the audit markets (which 

consisted of three auditors and two clients) and the comparatively large fixed payment of 50 

Points or 25 Points that auditors earned if they were hired in a round of the treatments NOREST, 

ROTATION, and MATCHING, or JOINT respectively. Thus, we expect clients to over-report 

and auditors to confirm incorrect client reports.  

The expected monetary sanctions for auditors who confirm clients’ over-reports are 

constant across the treatments (for single audits in the treatments NOREST, ROTATION, and 

MATCHING, and for two joint audits in the treatment JOINT). In contrast, the auditors’ 

incentives to send the costly signal that they are of the preferred type and the clients’ risk 

incurred from over-reporting depend on the institutional setting. Thus, we also predict 

differences in auditors’ and clients’ decisions between the treatments.  

In the first round of a session in the treatment NOREST, each auditor in a matching group 

had the same probability of 1 3 of being hired by one of the two clients (on average, each 

auditor was expected to conduct 2 3  audits per round). In this treatment, clients could hire the 

same auditor for 15 consecutive rounds. Thus, auditors had a strong incentive for building a 

reputation with the clients in the same matching group.  

In the early rounds of a session, the auditors’ potential future benefits of being re-hired 

were lower in the treatment ROTATION in than in the treatment NOREST, because there was 

a maximum tenure of four rounds. The auditors’ benefits from biasing their reports in favor of 

the client were lower, especially in the last round of the maximum tenure under rotation, as 

clients were not allowed to re-hire the incumbent during the next two “cooling-off” rounds.  

In the treatment JOINT, each auditor was, on average, expected to take part in 2 3  joint 

audits per round; the ex-ante probability of being hired for a joint audit was 2 3  and thus higher 

than in the other treatments. Since each client had to hire two auditors instead of one as in the 

other treatments, competition was less intense. Auditors thus had a weaker incentive to increase 

the probability of being hired by confirming over-stated client reports. In addition, the potential 

benefits from being re-hired by the same client for the next round was lower, since the auditors’ 

                                                 
12  In our experiment, reputation building was feasible because we assigned the auditors an ID that was visible for 

the clients in the same audit market. Moreover, clients (auditors) were able to base their hiring decisions (their 
audit effort decisions and reporting decisions) on observable information about the auditor’s (client’s) behavior 
with all of the clients (auditors) in the same market.  



 IV. Predictions and Hypotheses 

 

35 
 

fixed wage earned for counter-checking half of their client’s matrix was only half the fixed 

wage in the other treatments. For auditors trying to confirm over-stated client reports in the 

treatment JOINT, there was also the possibility that the auditors of an auditor pair could not 

find an agreement in the negotiation stage and thus received zero Points for this round.13  

In the treatment MATCHING, the auditors decreased the probability of being matched 

with a client if they did not exert sufficient effort in the counter-checking task or blindly 

confirmed the clients’ incorrect reports, because the experimental software matched the 

auditors who performed best with those clients who were most likely to over-report. Thus, the 

matching-mechanism provided clear disincentives to misreport, and in the current round, 

auditors additionally incurred direct monetary costs from misreporting.  

We summarize our arguments in the following hypotheses on auditor independence:  

H1: Auditor independence is lowest in the treatment NOREST, higher in the 

treatment ROTATION, even higher in the treatment JOINT, and highest 

in the treatment MATCHING. 

Apart from curiosity, pure gaming, or estimating the risk associated with misreporting, 

auditors who did not intend to correct the number of ones over-reported by their clients did not 

have any incentive to correctly check the matrix. We thus hypothesize the following regarding 

audit effort: 

H2: Audit effort is lowest in the treatment NOREST, higher in the treatment 

ROTATION, even higher in the treatment JOINT, and highest in the 

treatment MATCHING. 

The implicit assumption underlying H2 is that mainly auditor independence drives audit 

effort. For example, we predict clients to over-report frequently in the treatment NOREST, but 

                                                 
13  In the treatment JOINT, the joint audit report simultaneously determined each individual auditors’ reputation 

(and payoff). However, there could be heterogeneity between the auditors of an auditor pair with regard to their 
preferences (e.g., the auditors’ motives of reciprocity with the client, maintaining a positive self-concept by 
avoiding incorrect reports, or the aversion against the risk of negotiation failure). If auditors’ preferences 
strongly diverge, negotiation failure can occur. However, the penalty for coordination failure was quite high. 
Thus, auditors are expected to find solutions for potential discrepancies (resulting, e.g., from miscounting or 
from different views regarding the appropriateness of the extent of the client’s overstatement) during the rounds 
of the negotiation stage. In repeated interactions of the same auditor pair, negotiation failure should be less 
frequent. 
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auditors to often fail detecting over-reports (because even if auditors would detect 

overstatements, they would not correct them downwards anyway).14  

The clients’ hiring decisions should crucially depend on their expectations regarding the 

auditors’ future behavior. In the treatment NOREST, auditors and clients could set up a long-

term relationship of cooperation. In the treatment ROTATION, the auditor change enforced 

after four periods not only interrupted the clients’ processes of belief updating, but also forced 

clients to set up a new relationship with a larger degree of uncertainty regarding the successor’s 

behavior. In addition, the probability that the incumbent colludes with the client should be lower 

in the treatment ROTATION than in the treatment NOREST (see H1). Therefore, clients should 

be more likely to report truthfully in the treatment ROTATION than in the treatment NOREST. 

The frequency of correct client reports should be even higher in the treatment JOINT than in 

the treatments NOREST and ROTATION, since clients faced a higher uncertainty regarding 

the type of the auditor pair in the treatment JOINT. In the treatment MATCHING, clients should 

have been aware of the type of the auditor they were matched with in the current round because 

they were informed about the matching mechanism. Moreover, clients who misreported knew 

that they would get a high-quality auditor in the next round. We summarize our arguments in 

the following hypothesis on the clients’ decisions to misreport:  

H3: Clients’ over-reporting is highest in the treatment NOREST, lower in the 

treatment ROTATION, even lower in the treatment JOINT, and lowest in 

the treatment MATCHING. 

The quality of the client’s report checked by an auditor is the product of (1) the 

correctness of the client’s report before the auditor checks the report; (2) the probability that an 

auditor will detect that the client’s report is incorrect (which is determined by the auditor’s 

effort choice and competence); and (3) the probability that an auditor will report any differences 

between the client’s report and the finding from the audit (i.e., auditor independence) 

(DeAngelo, 1981). We predict a clear ranking of the treatments regarding clients’ over-

reporting in H3 (i.e., over-reporting decreases from NOREST to ROTATION to JOINT to 

MATCHING), audit effort in H2 (i.e., audit effort increases from NOREST to ROTATION to 

JOINT to MATCHING), and auditor independence in H1 (i.e., independence increases from 

                                                 
14  The auditors’ effort decisions might also depend on their beliefs regarding the client’s probability to misreport 

(see H3). In this case, we would predict a ranking that is the opposite of that stated in H2. As a response to 
increased risk, auditors then should detect clients’ over-reports, but not correct those downwards because of a 
low degree of independence (see H1). Since the auditors’ payoffs in our experiment depend on the auditors’ 
reporting decision but not on their performance in the counter-checking task, auditors–except judging the 
payoff consequence of confirming overstated reports–did not have an incentive to act according to this 
alternative specification of H2. 
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NOREST to ROTATION to JOINT to MATCHING). Based on these hypotheses, we expect 

the following regarding the overall quality of audited client reports: 

H4: The overall quality of audited client reports is lowest in the treatment 

NOREST, higher in the treatment ROTATION, even higher in the 

treatment JOINT, and highest in the treatment MATCHING. 

Because clients in our experiment gain by minimizing their uncertainty about auditors’ 

behavior, they will re-hire an auditor who matches their preferences for as many rounds as 

possible. Therefore, we expect to observe a highly concentrated market in the treatment 

NOREST. In contrast, we predict the rotation to lead to a more even distribution of market 

shares. Similarly, since reputation building for an individual auditor is more difficult in the 

treatment JOINT than in the treatments NOREST and ROTATION, we expect fewer stable 

auditor-client relationships in the treatment JOINT than in the treatments NOREST and 

ROTATION. Regarding market concentration, we hypothesize the following:  

H5: The degree of inequality in the distribution of market shares is highest in 

the treatment NOREST, lower in the treatment ROTATION, and lowest in 

the treatment JOINT. 

We do not make any predictions regarding market concentration for the treatment 

MATCHING. A rather high degree of concentration is the result of our experimental design, 

because auditors who were hired at the beginning of the sessions should provide high-quality 

audits to be matched with a client also in the next rounds.  

V. RESULTS 

During the experiment, participants interacted within a matching group. In the following 

analyses, we control for the fact that individual observations are not independent by clustering 

our data on the matching group level (Cameron and Trivedi, 2009; Moffatt, 2015). Moreover, 

we use non-parametric tests (mainly the Wilcoxon rank-sum test for equality of medians) for 

our decision data. 

The treatment JOINT differs from the other treatments in the aspect that two auditors 

jointly performed the audit. To facilitate the analysis, we consider in the treatment JOINT as 

auditors auditor pairs, consisting of a constant combination of two individual auditors.15 In the 

                                                 
15  Auditor pair 1 means that auditors 1 and 2 had been hired, auditor pair 2 indicates that auditors 1 and 3 jointly 

performed the audit, and auditor pair 3 means that auditors 2 and 3 jointly issued their report. 
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following, we use the term “auditor” both for an individual auditor in the treatments NOREST, 

ROTATION, and MATCHING, and for an auditor pair in the treatment JOINT.  

Auditor Independence (H1) 

According to H1, auditor independence should increase across our treatments NOREST, 

ROTATION, JOINT, and MATCHING. We test H1 by comparing across our treatments the 

number of ones the auditors corrected, in percent of the extent of the clients’ over-reports 

(measured as the difference between the number of ones CR  the client reported and the number 

T of ones contained in the matrix). Since clients received, during the experiment, information 

on this percentage for those auditors within the same matching group, clients were able to base 

their hiring decisions on this auditor characteristic. Figure 1 shows this percentage as an 

averages across all of the audits performed in the treatments. 

 

Figure 1: Bar charts for the mean numbers of ones auditors corrected (in percent of the extent of clients’ 
over-reports), by treatment.  

Note: This figure shows bar charts for the mean numbers of ones auditors corrected (in percent of the 
extent of clients’ over-reports, i.e., of the deviation of the clients’ reports RC from the number T of ones 
contained in their matrix), for all audits conducted in the treatments NOREST, ROTATION, JOINT, and 
MATCHING. The p-values are based on the two-sample Wilcoxon rank-sum test for equality of medians.  

In the treatment NOREST, auditors corrected, on average, 59.54% of the clients’ over-

reports. In contrast to H1, this percentage is even lower in the treatment ROTATION (48.46%), 

but the difference between the medians is not statistically significant. Surprisingly, the 
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percentage of ones the auditors corrected is highest in the treatment JOINT (98.15%), that is, 

even higher than in the treatment MATCHING (81.80%), although the difference in the 

medians is not significant. If an unregulated audit market is the benchmark, our findings are 

thus evidence for the assertion that joint audits improve auditor independence, but not for the 

argument of an improvement in auditor independence put forward of the proponents of the 

mandatory audit firm rotation. Our results for the effects of the external rotation are in line with 

the theoretical work of Summer (1998), but in contrast to that of Chi et al. (2004) and Church 

and Zhang (2006). 

Figure 2 graphs the number of ones that auditors corrected, as a percentage of the extent 

of clients’ over-reports, over the rounds of our experiment. In contrast to H1, we do not find 

significant differences between the treatments NOREST and ROTATION and between the 

treatments JOINT and MATCHING, respectively. However, with regard to auditor 

independence as measured by the percentage of ones that auditors corrected, the treatments 

JOINT and MATCHING outperform the treatments NOREST and ROTATION, respectively 

(all of the p-values: 0.0000). The high fluctuation in the treatment JOINT is also remarkable. 

In round 2 (5), auditors corrected the threefold (twofold) amount of the clients’ over-reports, 

whereas in round 9, auditors added the amount of the clients’ over-report to their own report. 

The other treatments do not show a similar volatility.  
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Figure 2: Mean numbers of ones auditors corrected (in percent of the extent of clients’ over-reports), over 
the rounds of the treatments. 

Note: This figure the mean numbers of ones auditors corrected (in percent of the extent of clients’ over-
reports, i.e., of the deviation of the clients’ reports RC from the number T of ones contained in their matrix), 
for all audits performed in a round of the treatments NOREST, ROTATION, JOINT, and MATCHING.  

As an additional measure for auditor independence, we compare the deviation of the 

auditors’ reports, AR , from their values counted, AC . Figure 3 depicts the mean difference 

between the auditors’ reports and the auditors’ counts of the number of ones contained in their 

clients’ matrices (averages across all of the audits performed in a treatment).  
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Figure 3: Bar charts for the mean differences between the auditors’ reports and the auditors’ counts, by 
treatment. 

Note: This figure shows bar charts for the mean differences between the auditors’ reports, RA, and the 
auditors’ counts, CA, across all of the audits performed in treatments NOREST, ROTATION, JOINT, and 
MATCHING. The p-values are based on the two-sample Wilcoxon rank-sum test for equality of medians.  

The ranking of the mean deviations between the values reported and the values counted 

that we observe for the treatments NOREST (mean: 8.16), JOINT (mean: 2.16), and 

MATCHING (mean: 0.62) is precisely as predicted by H1. The differences between NOREST 

and JOINT (p-value: 0.0002) and between NOREST and MATCHING (p-value: 0.0000) are 

statistically significant. Interestingly, we observe the strongest deviation between reported and 

counted numbers of ones for the auditors in the treatment ROTATION (mean: 13.59). The 

difference to the medians observed for the other treatments is significant (p-values < 0.0153). 

Figure 4 shows the mean deviation of the auditors’ reports from their counts, in percent 

of all audits performed in the rounds of the treatments. By round 4, the ranking of the treatments 

NOREST, JOINT, and MATCHING is as predicted by H1. Interestingly, in terms of auditor 

independence, joint audits seem to have the effects envisaged by the regulators. Again, we 

observe the strongest deviation of the auditors’ reports from their counted numbers of ones for 

the treatment ROTATION. The finding that auditor independence in the treatment ROTATION 

is even weaker than in the unregulated market of the treatment NOREST is clearly in contrast 
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to the aims of the proponents of the mandatory audit firm rotation. All of the treatment 

comparisons are statistically significant (p-values: 0.0000).  

 

Figure 4: Mean differences between the auditors’ reports and the auditors’ counts, over the rounds of the 
treatments. 

Note: This figure shows the mean differences between the auditors’ reports, RA, and the auditors’ counts, 
CA, across all of the audits performed in a round of the treatments NOREST, ROTATION, JOINT, and 
MATCHING. 

Figure 5 shows boxplots for the extent of collaborative over-reports (i.e., the numbers of 

ones clients in a matching group of a treatment, on average, added to the number of ones 

contained in their matrix and that auditors confirmed). Across the first 10 (all 15) rounds of the 

sessions, on average, auditors approved 19.6 (19.33) additional ones which had been added by 

their clients in the treatment NOREST. This number dropped to 13.31 (14.96) in the treatment 

ROTATION, to 5.83 in the treatment JOINT, and to 7.98 (5.88) in the treatment MATCHING. 

All of our treatment conditions substantially decrease the extent of collaborative over-reports 

compared to our baseline treatment (NOREST).16  

 

                                                 
16   Wilcoxon rank-sum tests indicate that the medians across 10 (15) rounds of 12 (11) for the treatment NOREST, 

of 6 (5.5) for the treatment ROTATION, of 2 for the treatment JOINT, and of 0 (0) for the treatment 
MATCHING are significantly different (p-values < 0.0001).  
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Figure 5: Boxplots for the extent of collaborative over-reports on the matching group level, by treatment. 

Note: This figure shows boxplots for the clients’ over-reports that auditors confirmed on the matching 
group level. In the upper part of the Figure, only data from the first 10 rounds of the treatments NOREST, 
ROTATION, JOINT, and MATCHING is used. In the lower part of the figure, data from all of the 15 rounds 
of the treatments NOREST, ROTATION, and MATCHING is used. 
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The interquartile ranges of the data from the treatments JOINT and MATCHING are 

considerably lower than those of the treatments NOREST and ROTATION. Whereas the low 

value of the interquartile range in the treatment MATCHING indicates that participants acted 

according to the incentives the matching mechanism provided, the low value for the treatment 

JOINT is less obvious. For the treatment JOINT, Table 3 reports the absolute and relative 

frequencies of the auditor reports issued by an auditor pair during the rounds of the negotiation 

stage. Auditors reached many of the agreements in the first negotiation round. Further analysis 

shows that in later rounds of the sessions, auditors tend to make agreements faster, especially 

if clients and auditor pairs interacted repeatedly. One possible explanation could be that clients’ 

over-reporting decreased over time (Figure 9 below), which facilitated auditors’ agreements. 

An additional reason might be that an increased number of jointly performed audits increased 

cooperation between auditors. Table 3 also shows that the percentage of correct auditor reports 

declines over the rounds of the negotiation. While 86.70% of the reports are correct in the first 

round, only 51.90% (25.00%) of the reports correctly state the value of T in the second (third) 

round.  

Table 3: Absolute and relative frequencies of joint audit reports on which the auditors agreed in the 
rounds of the negotiation stage of the treatment JOINT 

Round of the 
negotiation stage 
 

Frequency of 
joint audits 
in the round 
 

Percentage of 
joint audits 
in the round 
 

Frequency of 
correct auditor 
reports in the 
round 

Percentages of 
correct auditor 
reports in the 
round 

1 218 72.67% 189 86.70% 
2 52 17.33% 27 51.90% 
3 24 8.00% 6 25.00% 

Negotiation failed 6 2.00% 0 0.00% 

Total 300 100% 222 74% 

Note: This table documents the absolute and relative frequencies of the auditors’ jointly issued reports 
and the absolute and relative frequencies of correct auditor reports across the different rounds of the 
negotiation stage of the treatment JOINT.  

Audit Effort (H2) 

H2 predicts audit effort to increase across the treatments NOREST, ROTATION, JOINT, 

and MATCHING. In line with H2, auditors counter-checked (i.e., used the counter on the 

screen), on average, in 61.05% of the cases in which they had been hired in the treatment 

NOREST, in 72.92% in the treatment ROTATION, in 74.00% in the treatment JOINT, and in 

85.64% in the treatment MATCHING. Except for the treatments ROTATION vs. JOINT, all 
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of the medians are significantly different (p-values < 0.0002). However, not all of the attempts 

to verify the entries in the client’s matrix were equally productive. 

Figure 6 shows the auditors’ successful effort, measured as the mean numbers of correctly 

tested matrices (i.e., AC T= ), in percent of all of the matrices cross-checked in the treatment. 

As predicted by H2, audit effort was least successful in the treatment NOREST: The auditors 

correctly counted only 36.14% of all the matrices they counter-checked. In the treatment 

ROTATION, this percentage was higher (40.42%), but the median is not significantly different 

from that observed for the treatment NOREST. The percentages of correctly counted matrices 

were highest in the treatments JOINT (74.00%) and MATCHING (73.33%). The medians are 

not significantly different from each other, but (except for the comparison between JOINT and 

ROTATION) significantly higher than in the treatments NOREST and ROTATION (p-values 

≤ 0.0142). 

 

Figure 6: Bar charts for the mean percentages of correctly counted matrices, by treatment. 

Note: This figure shows bar charts for the mean numbers of correctly counted matrices (i.e., CA = T), in 
percent of all audits performed in the treatments NOREST, ROTATION, JOINT, and MATCHING. The p-
values are based on the two-sample Wilcoxon rank-sum test for equality of medians.  

Figure 7 shows the percentages of correctly counted matrices (in percent of the total 

number of matrices tested in the respective round) over all of the rounds of a treatment. In each 

round, the percentages are lower for the treatments NOREST and ROTATION than for the 
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treatments JOINT and MATCHING. The median percentages across the rounds of a treatment 

differ significantly between the treatments (p-values ≤ 0.0002). Since we do not observe the 

predicted ranking of the treatments NOREST vs. ROTATION and JOINT vs. MATCHING, 

we find only partial evidence for H2. Interestingly, we do not observe free riding in the case of 

joint audits, as opponents of this regulation argue (Deng et al., 2014). 

 

Figure 7: Mean percentages of correctly counted matrices over the rounds of the treatments. 

Note: This figure shows the mean numbers of correctly counted matrices (i.e., CA = T), in percent of all 
audits performed in a round of the treatments NOREST, ROTATION, JOINT, and MATCHING. 

Clients’ Over-Reporting (H3) 

In H3, we hypothesized that clients’ over-reporting decreases across the treatments 

NOREST, ROTATION, JOINT, and MATCHING. Figure 8 contains bar charts for the mean 

frequencies of clients’ over-reports of the number of ones actually contained in their matrix 

(i.e., CR T> ), in percent of all client reports made in the treatment. The mean percentage of 

overstated reports is 53.45% in the treatment NOREST, 42.27% in the treatment ROTATION, 

37.21% in the treatment JOINT, and 35.70% in the treatment MATCHING. Thus, the 

percentages of clients’ over-reports show the predicted pattern. However, only the medians 

observed for the treatments NOREST and JOINT (p-value: 0.0071) as well as for the treatments 

NOREST and MATCHING (p-value: 0.0041) are significantly different.  
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Figure 8: Bar charts for the mean percentages of client reports overstating the number of ones contained 
in their matrix, by treatment 

Note: This figure shows bar charts for the mean numbers of client reports overstating the number of ones 
actually contained in their matrix (i.e., RC > T), in percent of all client reports made in the treatments 
NOREST, ROTATION, JOINT, and MATCHING. The p-values are based on the two-sample Wilcoxon rank-
sum test for equality of medians.  

Figure 9 shows the mean percentages of overstated client reports over time. As predicted, 

clients most often over-reported in the treatment NOREST. In all of the rounds of the treatment 

ROTATION, the percentages of clients’ over-reports are significantly lower than in the 

treatment NOREST (p-value: 0.0000). After 3 rounds of learning, the percentages of overstated 

client reports are significantly lower in the treatment JOINT than in the treatments ROTATION 

(p-value: 0.0395) and NOREST (p-value: 0.0000), and lower in the treatment MATCHING 

than in the treatments ROTATION (p-value: 0.0015) and NOREST (p-value: 0.0000). The 

medians of the treatments JOINT and MATCHING are not significantly different, that is, joint 

audits seem to be equally efficient as a centralized matching mechanism in preventing clients’ 

over-reporting. Moreover, the percentages of overstated client reports show a considerable 

downward trend in both the treatments JOINT and MATCHING, probably because clients 

learned that auditors often cross-checked the numbers reported by their clients (see Figure 2) 

and deviated from their counts only on a limited scale (see Figure 4) in these treatments. 
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Figure 9: Mean percentages of client reports overstating the number of ones contained in their matrix over 
the rounds of the treatments. 

Note: This figure shows the mean numbers of clients reports overstating the number of ones actually 
contained in their matrix (i.e., RC > T), in percent of all client reports made in a round of the treatments 
NOREST, ROTATION, JOINT, and MATCHING. 

In addition to the frequency of overstated client reports, the extent of clients’ over-

reporting is also of interest. Figure 10 shows bar charts for the mean number of ones that clients 

added to the number of ones actually contained in their matrix. In the treatment NOREST, 

clients added, on average over all of the rounds of the treatment, 9.67 ones to their actual 

number. In the treatment ROTATION, the extent of over-reporting was (although not 

significantly) lower (mean: 7.48). However, in the treatments JOINT and MATCHING, clients 

added only 2.92 and 2.94 ones, respectively, to their actual value of ones. These values are 

significantly lower than those observed for the treatments NOREST and ROTATION (p-values 

< 0.0285). Thus, the ranking we observe is not completely in line with H3. 
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Figure 10: Bar charts for the mean extent of clients’ over-reports, by treatment. 

Note: This figure shows bar charts for the mean numbers of ones that clients added in their reports to the 
number of ones actually contained in their matrix (i.e., RC – T > 0), in the treatments NOREST, ROTATION, 
JOINT, and MATCHING. The p-values are based on the two-sample Wilcoxon rank-sum test for equality 
of medians.  

Figure 11 depicts the mean extent of clients’ overstatements across the rounds of the 

treatments. The extent of clients’ over-reporting follows a pattern similar to that of the 

percentage of overstated reports. Except for JOINT vs. MATCHING, all of the medians of the 

treatments are significantly different. An end-game effect is clearly visible in the treatment 

NOREST. Probably because clients anticipated that auditors would not agree to an over-report 

in the last round, they decreased their over-reporting from a mean of 11.21 ones in round 14 to 

a mean of 3.5 ones in round 15. 
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Figure 11: Mean extent of clients’ over-reports over the rounds of the treatments. 

Note: This figure shows the mean numbers of ones that clients added in their reports to the number of ones 
actually contained in their matrix (i.e., RC – T > 0), in a round of the treatments NOREST, ROTATION, 
JOINT, and MATCHING. 

However, we still find a considerable percentage of clients reporting honestly in all of the 

treatments.17 This finding of a certain percentage of honest participants can be explained with 

individual preferences for honesty (Dufwenberg and Gneezy, 2000; Sánchez-Pagés and 

Vorsatz, 2007; Vanberg, 2008; Kartik, 2009)), lying aversion (Dufwenberg and Gneezy, 2000; 

Charness and Dufwenberg, 2006; Vanberg, 2008), or inequity aversion (Fehr and Schmidt, 

1999; Bolton and Ockenfels, 2000).18 However, these preferences can hardly explain the 

treatment differences we observe, which are more likely the result of the clients’ strategic 

uncertainty and the direct monetary payoff consequences of misreporting. 

 

                                                 
17  Percentage of clients reporting honestly: NOREST: 46.55%; ROTATION: 57.23%; JOINT: 62.79%; 

MATCHING: 64.32%. 
18  Inequity aversion can play a role because clients reduced auditors’ payoffs if they misreported and auditors 

failed to correct the clients’ false reports. Inequity aversion might have been relevant also because clients 
earned, on average, more than auditors.  
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Overall Quality of Audited Client Reports (H4) 

H4 predicts an increase in the frequency of correct auditor reports across the treatments 

NOREST, ROTATION, JOINT, and MATCHING. Figure 12 displays the average numbers of 

auditor reports confirming the correct number of ones contained in the client’s matrix (as a 

percentage of all audits performed in the treatment). 

 

Figure 12: Bar charts for the mean percentages of correct auditor reports, by treatment. 

Note: This figure shows bar charts for the mean numbers of auditor reports RA confirming the number T of 
ones contained in the client’s matrix, in percent of all audits performed in the treatments NOREST, 
ROTATION, JOINT, and MATCHING. The p-values are based on the two-sample Wilcoxon rank-sum test 
for equality of medians. 

Auditors, on average, issued correct reports in only 54.6% of the audits they performed 

in the treatment NOREST, whereas in the treatment ROTATION, 63.1% of the auditor reports 

were correct. In the treatment JOINT, 74.0% of the reports state the number of ones actually 

contained in the client’s matrix, and the percentage of correct reports increases to even 93.1% 

in the treatment MATCHING. Unsurprisingly, a centralized matching mechanism thus 

outperforms all remaining institutional settings in terms of correct auditor reports. The ranking 

we observe is in line with H4. The differences in the median percentages of correct auditor 

reports between the treatment MATCHING and all of the remaining treatments are significant 

at the 1%-level (the other comparisons do not show significant differences).  
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Figure 13  shows the number of correct auditor reports (relative to the total number of all 

audits performed in a round of the treatments) over time. After a learning period during the 

early rounds of the sessions, by round 5, the graphs are in line with H4. In each round, the 

median percentage of correct auditor reports is significantly higher in the treatment 

MATCHING than in the remaining treatments (p-values: 0.0000). In rounds 6, 8, 12, and 15, 

even all of the auditor reports issued in the treatment MATCHING are correct. Right from the 

beginning of the sessions, the percentage of correct auditor reports is lower in the treatment 

JOINT than in the treatment MATCHING; starting with round 3, the median percentage is 

significantly higher in the treatment JOINT than in the treatments NOREST (p-value: 0.0000) 

and ROTATION (p-value: 0.0001). Our finding of a positive effect of joint audits on the quality 

of audited client reports is in line with Zerni et al. (2012) and Mohrmann et al. (2018), but in 

contrast to Lesage et al. (2012) and Velte and Azibi (2015). After round 4, the median 

percentage of correct auditor reports in the treatment ROTATION is higher than in the treatment 

NOREST (p-value: 0.0003). The finding that mandatory audit firm rotation increases the 

quality of audited client reports is in contrast to the results of Kwon et al. (2014), Cameran et 

al. (2015), and Mohrmann et al. (2018). As predicted, we observe that the percentage of correct 

auditor reports is lowest in the treatment NOREST. Thus, behavior is in line with H4. 
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Figure 13: Mean percentages of correct auditor reports over the rounds of the treatments. 

Note: This figure shows the mean numbers of auditor reports RA confirming the number T of ones contained 
in the client’s matrix, in percent of all audits performed in a round of the treatments NOREST, ROTATION, 
JOINT, and MATCHING. 

As can be seen from Figure 13, an end-game effect is clearly present in the treatments 

ROTATION (see (Cameran et al., 2016)) and NOREST: The overall quality of audited client 

reports increases during the last rounds of the sessions, which is in line with the argument that 

reputation building and reciprocity determine participants’ behavior. A similar end-game effect 

is not visible for the treatment JOINT.19  

The results of a generalized Structural Equation Model (gSEM) (see Gow et al., 2016 for 

an overview of structural approaches in accounting) summarize the previous findings on the 

auditors’ independence, on the audit effort, and on the clients’ over-report in a joint estimation 

model and allows to make inference of the effects of these variables on the overall quality. 

Figure 14 gives a graphical representation of the model. The standardized coefficients are 

shown next to the respective paths. The superscripts *, **, and *** indicate significance at the 

10%, 5%, and 1% levels respectively.  

                                                 
19  Possible explanations are that participants came to know only at the beginning of round 10 that the experiment 

ended after round 10, and that joint audits impede reputation building of individual auditors. 
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The results of the gSEM with the difference between the auditor’s report AR  and the 

number 𝐶𝐶𝐴𝐴 of ones the auditors counted in their matrix as the dependent variable (“auditors’ 

bias in report”; the treatment NOREST is the base category) are in line with the ranking 

proposed by H1. Compared to the baseline treatment (NOREST), the auditors deviate 

significantly less form the results of their count in the ROTATION treatment (on the 10-

significance level) and even less in the treatments JOINT and MATCHING (on the 1%-

significance level). As already shown in Figure 4, a significant end game effect in the 

willingness of the auditors to deviate in their report from their count can be found in the baseline 

treatment (NOREST) an under a rotation mechanism (ROTATION). This effect gets moderated 

for the treatments JOINT and MATCHING due to a steady and low level in this variable, 

visualized in Figure 3. While the change of a client in the NOREST treatment resulted in a 

significantly smaller deviation of the auditors’ report from their count, the ROTATION 

treatment led auditors to bias their report in favor of their client in the very first period of a new 

employment ship. This result is in line with the previous considerations of auditors trying to 

signal benevolent behavior to clients in order to increase the probability of getting rehired in 

future periods in the ROTATION treatment. Due to very few changes in the auditor client 

employment ship in the treatments JOINT and MATCHING no significant effects can be 

reported. The number of ones actually contained in a matrix significantly increases the number 

of ones auditors are willing to deviate form their own count in their report by 0.44 on average. 

Additionally to the considerations previously corroborated on hypothesis H1, we can find a 

significant, positive effect of the managers’ bias in their report on the bias in the auditors’ report. 

The results of the gSEM on the difference between the auditor’s report AR  and the 

number T of ones the auditors’ matrix actually contained as the dependent variable (“audit 

failure”, the treatment NOREST is the base category) are in line with the ranking proposed by 

H2. As already illustrated in Figure 6 and Figure 7 the baseline treatment (NOREST) and the 

ROTATION treatment do not significantly differ in terms of deviation in the auditors’ count 

from the actual number of ones contained in the matrix. Both, the JOINT and the MATCHING 

treatment, results in a significantly smaller deviation from the true count of the matrix, where 

the effect for the MATCHING treatment is larger than for the JOINT treatment, as proposed by 

hypothesis H2. Again, we can find a smaller deviation in the counting result from the true count 

of ones in the last period of the NOREST treatment. Likewise to the end game effects 

concerning H1, this effect is moderated for the treatments MATCHING and JOINT, since a 

very high level of correctly counted matrices, or more precise a very small deviation from the 
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true count of the matrices, is generally established in these two treatments. The number of ones 

actually contained in the matrix is significantly positively associated with the audit failure.  

According to H3 and the results presented in Figure 10 and Figure 11 the clients are 

expected to over-report significantly less in the treatments (ROTATION,) JOINT and 

MATCHING compared to the baseline treatment (NOREST). While the level of the clients’ 

over-reports is not statistically significantly different in the ROTATION treatment form the 

NOREST treatment, both remaining treatments (JOINT and MATCHING) lead to significantly 

smaller over-reports. While the clients were expected to anticipate the auditors’ behavior in the 

end of the experiments to over-report less, the results of the gSEM shows opposing results for 

the ROTATION treatment, while the results for the remaining treatments are as hypothesized. 

The uncertainty for the clients caused by the hiring of a new auditor resulted in smaller over-

reports in the NOREST treatment. The general small level of over-reports in the JOINT and 

MATCHING treatments, again, results in moderating effects, while under ROTATION the 

auditor change does not have an significant effect. This is probably due to the effect of the 

benevolence of auditors counter acting to the uncertainty of the client in in the first period of a 

new employment ship. Since we fostered reputation building in the market and all members in 

the market were able to send publicly visible signals about the intended behavior, the signaling 

of benevolent behavior of the auditors was opposing the uncertainty of the clients. These 

counter acting effects probably cause the insignificance of this term.  

Using a gSEM allows to model the specific dependencies and structure the actions and 

decisions taken by each individual in the overall process of issuing financial reports. I.e. the 

overall quality of a financial report crucially depends on the correctness of the clients’ reports. 

If the client decides to report truthfully, the final report will reflect the truth irrespective of the 

auditors’ independence or effort choice. If the client over-reports, the overall quality depends 

on (1) the effort/quality the auditor exerts and (2) the independence of the auditor. Thus, the 

gSEM culminates in the final model where the clients’ over-reports significantly positively 

influence the auditors’ over-reports and the overall bias in the reports. In turn, the auditors’ 

over-report significantly increases the overall bias in the report.20     

                                                 
20  We also observe a significant negative effect of the audit failure on the overall bias in the report. This is a 

methodological artefact of our model. Unfortunately, estimating this process as a structural model instead of 
individual, isolated regression models, does not allow for different data sets in the individual parts of the model. 
For this reason, our model is based on the whole data set, including data from auditors not counting at all in 
the auditing task. A specifically high level of true client reports in the treatments JOINT and MATCHING led 
to subjects blindly confirming the (true) client reports in the later periods of the sessions. In these cases the 
‘audit failure’, measured by the difference of the counter CA and the true number of ones T contained in the 
matrix, is large, even though the overall bias in the report is zero.   
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Market Concentration (H5) 

H5 predicts a deceasing order in the inequality in the distribution of market shares of the 

treatments NOREST, ROTATION, and JOINT. We use the Gini Coefficient MGG  as a measure 

of the relative concentration within a matching group (Karagiannis and Kovacevic, 2000): 

1 1

1 1

2
1 2

i N J i
i i

i j j
i j

MG i N i N

i i i
i i

W XW W X
G

W X W

= =

= =

= =

= =

 ⋅
⋅ ⋅ − 
 = − ⋅

⋅ ⋅

∑ ∑

∑ ∑
.21   (8) 

where iX  are the individual observations for the number of clients an auditor had acquired 

by the end of the session, sorted in ascending order, and iW  are the corresponding weights 

indicating the rank of the respective observation. N is the total number of auditors active in the 

sessions of the treatment. Since there were three auditors and two clients in each matching 

group, the Gini Coefficient MGG  can take on values between 0 (if all auditors have identical 

market shares) and 2 3  (if one auditor has both clients). We compute the Gini Coefficient G 

for each treatment as an average of the Gini Coefficients MGG  of the matching groups of the 

respective treatment. More precisely, we adopt the approach proposed by (Chotikapanich et al., 

1997) and take into account that the matching groups in this experiment are of identical size, 

the number of clients and auditors is constant across matching groups, and participants did not 

interact across the matching groups. Figure 15 reports the results as obtained by using the 

STATA-package ineqdeco (Jenkins, 2008). 

                                                 
21  To hold the expected payoffs constant across the treatments, the penalty factor in the treatment JOINT was half 

the penalty factor applicable in the remaining treatments.  
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Figure 15: Market share distribution by the end of round 10, by treatment. 

Note: This figure shows histograms and Kernel Densities for the number of clients that auditors had 
acquired by the end of round 10 for the treatments NOREST, ROTATION, and JOINT. The number of 
clients that auditors gained in the treatment JOINT is plotted for individual auditors (gray) and for auditor 
pairs (blue). Additionally, the figure displays the Gini Coefficients for the treatments.  

Because the treatment JOINT had only 10 rounds, we use data only from the first 10 

rounds also for the other treatments. The Gini Coefficients are 0.2368G =  for the treatment 

NOREST, 0.1238G =  for the treatment ROTATION, and 0.0778G =  (if the market shares of 

individual auditors are considered) and 0.1089G =  (if the market shares of auditor pairs are 

used as a basis) for the treatment JOINT. This ranking is as predicted by H5. The result that the 

implementation of joint audits decreases concentration is in line with the empirical findings of 

Ballas and Fafaliou (2008), Piot (2008), André et al. (2016), and Guo et al. (2017). 

The corresponding histograms and Kernel densities confirm the results from comparing 

the Gini Coefficients. In the treatment NOREST, some auditors were not able to acquire more 

than one client, whereas other auditors could even obtain 17 clients during the first 10 rounds 

of a session. In the treatment ROTATION, the distribution of clients is more centered on the 

theoretically expected number of clients (i.e., 6.67),22 and there are no outliers. In the treatment 

                                                 
22 The probability of each auditor to obtain a client was 2/3 in each round; the expected number of clients after 

10 rounds is thus 6.67. 
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JOINT, the number of clients that auditor pairs had acquired is also centered on 6.67, but – due 

to long-term relationships between auditor pairs and clients – there are a few outliers on the 

right side of the distribution. The graph for the individual auditors is similar to that for the 

auditor pairs (the correlation of the number of clients acquired is 0.9446ρ = ). Each individual 

auditor had acquired at least seven clients within 10 rounds; at the maximum, an auditor had 

obtained 17 clients. The theoretically expected number of clients ( )(2 2 10) / 3 13.33⋅ ⋅ =  is close 

to the maximum of the empirical distribution. Figure 16 shows Lorenz Curves for our 

treatments: 

 

Figure 16: Lorenz Curves for the total number of clients that auditors had acquired by the end of round 
10, by treatment. 

Note: This figure shows the Lorenz Curves for the number of clients that auditors had acquired by the 
end of round 10 for the treatments NOREST, ROTATION, and JOINT. In the treatment JOINT, auditor 
pairs are used to compute the Lorenz Curve. 

Following the approach of (Barrett et al., 2014), we find that the auditors’ market shares 

in the treatment NOREST are significantly Lorenz-dominated by the auditors’ market shares in 

the treatment ROTATION and in the treatment JOINT (i.e., concentration is higher in the 

treatment NOREST than in the treatments ROTATION and JOINT). We bootstrapped the 
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sample with 1.000 repetitions and find support for hypothesis H5 (p-values: 0.000 for NOREST 

vs. ROTATION and for NOREST vs. JOINT, respectively).23  

Closely related to the distribution of the mandates in our treatments is the tenure of the 

auditors. Until period 10 (15), clients on average employed an auditor for 2.23 (2.86) periods 

in the NOREST treatment, 1.56 (1.64) periods in the ROTATION treatment and 1.47 periods 

in the JOINT treatment. Again, we do not pose any hypothesis on the MATCHING treatment, 

since the established long term employment ships are due to the design. Indeed, by period 10 

the average tenure is 4.42 and 6.06 after period 15 in the MATCHING treatment. The number 

of the individual tenures is distributed broadly and inhibits large standard deviations 

(𝑆𝑆𝐷𝐷𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 1.78; 𝑆𝑆𝐷𝐷𝑁𝑁𝑁𝑁𝑁𝑁𝐴𝐴𝑁𝑁𝑅𝑅𝑁𝑁𝑁𝑁 = 0.54; 𝑆𝑆𝐷𝐷𝐽𝐽𝑁𝑁𝑅𝑅𝑁𝑁𝑁𝑁 = 0.57; 𝑆𝑆𝐷𝐷𝑀𝑀𝐴𝐴𝑁𝑁𝑀𝑀𝑀𝑀𝑅𝑅𝑁𝑁𝑀𝑀 = 2.78). For this 

reason the average tenure does not seem to be the most adequate measure to describe our 

findings. If we focus on the average longest tenure (of an individual auditor) in each treatment 

we will have a more precise picture of the inequality in the different treatments. The pattern is 

as expected and already undergird by the inspection of the distributions of the mandates on the 

markets. The longest average tenure after 10 periods can be found in the NOREST treatment 

(4.16), followed by the ROTATION treatment (2.72) and the JOINT treatment (2.67).  

VI. SUMMARY AND CONCLUSION 

As a result of the regulatory debate, audit firm rotation now is mandatory within the 

European Union since 2016. In contrast, the regulator in the United States decided against this 

requirement. Whereas the implementation of joint audits has been proposed by the 

(Commission of the European Communities, 2010), this requirement has finally not been 

implemented within the European Union. Since the empirical findings on the effects of 

mandatory audit firm rotation and joint audits on the quality of audited financial statements and 

on audit market concentration are mixed, we conducted a laboratory experiment to address these 

issues.  

In this paper, we report the results of a market experiment with four treatments: With the 

treatment NOREST, we implemented an unregulated market in the sense that participants did 

not have to take into account any restrictions on the contractual relationship between the auditor 

and the client. In the treatment ROTATION, there was a mandatory rotation of the auditor after 

                                                 
23 In the treatment JOINT, we used the auditor pairs instead of the individual auditors to determine the Lorenz 

Curve to enhance comparability. However, a comparison of the market shares of the individual auditors leads 
to qualitatively identical results. 
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four periods and a “cooling-off” of two periods. In the treatment JOINT, we implemented a 

setting with joint audits, that is, clients had to hire two auditors who shared the audit work and 

jointly issued a report. In the treatment MATCHING, the experimental software matched the 

best-performing auditors with the most dishonest clients. Using a between-subjects design, we 

collected data from 315 participants interacting in 63 audit markets. Since we collected data not 

only on the outcome variables (i.e., on the resulting quality of audited client reports and on 

market concentration), but also on the clients’ reporting decisions, the auditors’ effort choices, 

and the auditors’ reporting decisions, we can investigate the channels through which audit 

regulations work.  

Our results indicate that joint audits might be more beneficial than mandatory audit firm 

rotation. Joint audits lead to a level of auditor independence that is very similar to that observed 

with a centralized matching based on reputation. Rotation, in contrast, does not seem to improve 

auditor independence beyond the level observed in an unregulated market. Although there are 

no significant differences in the probability that an auditor will perform an audit between 

rotation and joint audits, audit effort is more often successful with joint audits. Moreover, the 

frequency and the extent of clients’ over-reports are comparatively low under joint audits, 

whereas the rotation leads to a much less pronounced decrease in clients’ over-reporting if an 

unregulated market is the benchmark. As a result, the percentage of correct auditor reports is 

lowest in an unregulated market, higher under rotation, even higher under joint audits, and 

highest with a computerized matching. In addition, we find that both joint audits and rotation 

result in a lower degree of market concentration than an unregulated market.  

However, our study has several limitations. First, our design does not include several 

parameters that might be relevant in the real world. For example, we did not include clients’ 

switching costs, auditors’ learning costs, or auditors’ coordination costs. However, these cost 

components are clearly relevant in the regulatory debate. We also did not include the “Big 

4/Non-Big 4 dichotomy”; therefore, we cannot analyze whether regulations differently affect 

auditors of different types. Second, we allowed communication only between the joint auditors 

during the negotiation stage. Allowing communication and negotiation between auditors and 

clients might lead to interesting results. Third, as we consider audit fees as given, we cannot 

analyze the regulations’ effects on audit fees. Again, the impact on audit fees is a criterion that 

is important to regulators. Forth, we assume that the number of auditors is constant across our 

sessions. Therefore, we cannot predict the regulations’ long-term effects on the number of 

suppliers active in the market. Forth, we analyze the effects of mandatory audit firm rotation 
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and joint audits, respectively, on the resulting quality of audited client reports and on market 

structure, but we cannot test for the link between market structure and audit quality. 
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The new Leases Standard, Information Processing, 

and Evaluation: Experimental Evidence from an 

Eye-Tracking Study 

I. INTRODUCTION 

The accounting treatment of lease contracts has long been the subject of heated debate 

among academics, practitioners, and standard-setters. Following the risk-and-rewards 

approach, the relevant standards according to International Financial Reporting Standards 

(IFRS) and United States Generally Accepted Accounting Principles (US-GAAP) have both 

traditionally distinguished between finance leases (referred to as “capital leases” in US-GAAP) 

and operating leases. For the lessee, finance leases were less appealing than operating leases 

(Abdel-Khalik, 1981; Gritta et al., 1994; Goodacre and Beattie, 1999; Goodacre, 2003a, 2003b), 

as both the leased asset and the corresponding liability had to be recognized in the balance sheet 

(IAS 17.20). For operating leases, by contrast, the lessee was only required to disclose the 

current and future payments in the notes (IAS 17.33) and report the rental expense (the so-

called “straight-line lease expense”) in the income statement. 

Because of the many concerns arising from this accounting treatment, especially with 

regard to the off-balance sheet nature of operating leases, the International Accounting 

Standards Board  (IASB, 2013) and the Financial Accounting Standards Board (FASB, 2012) 

decided to revise their respective standards in a joint project (Altamuro et al., 2014). An 

intensive debate on this topic culminated in the exposure draft ED/2013/6 (IASB, 2013), which 

applies a property rights theory perspective and requires all leases to be recognized in the 

lessee’s balance sheet (Beattie et al., 2006; Altamuro et al., 2014). In 2016, the IASB and FASB 

finally issued IFRS 16 (Leases) and ASU 2016-02 (Leases), effective for annual periods 

beginning on or after January 1 2019 (IFRS) or on or after December 15 2018, respectively. 

According to these new lease accounting standards, the lessee must “capitalize” all of its leases 

by recognizing the present value of unavoidable future lease payments and presenting them in 

the balance sheet as leased asset (right-of-use assets). If an entity has to make lease payments 

over time, it must also recognize the associated financial liability. As a consequence, the lessee 

must report both, depreciation and interest expenses, for all leases in the income statement. 

Regarding the presentation of leases in the income and cash flow statements, US-GAAP still 
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differentiates between operating and finance leases in that interest expenses and depreciation 

should be presented as separate line items (finance leases) or not (operating leases) in the 

income statement. 

The new lease accounting standards are expected to have a significant impact on 

companies with material off-balance sheet leases, e.g., in the industry sectors airlines, retailers, 

and travel and leisure (Imhoff Jr et al., 1991; Imhoff Jr et al., 1993; Gosman and Hanson, 2000; 

Grossman and Grossman, 2010; IASB, 2016). In particular, the new standards will affect certain 

debt covenants and the key financial metrics derived from the balance sheet such as the leverage 

ratio and current ratio (Imhoff Jr et al., 1991; Imhoff Jr et al., 1993; Beattie et al., 1998; Bennett 

and Bradbury, 2003; Hodge and Ahmed, 2003; Durocher, 2008; Fülbier et al., 2008; 

Kostolansky and Stanko, 2011; Sacarin, 2017). Given that listed companies using IFRS or US-

GAAP disclosed almost US$ 2.86 trillion in off-balance sheet lease commitments in their 2014 

annual reports (IASB, 2016, p. 14), the new lease standards will have substantial consequences 

on the balance sheets of many companies as well as affecting their expense profiles. Against 

this background, a thorough understanding of investors’ perceptions of the new lease 

accounting methods is crucial. To bridge this gap in the literature, our study investigates the 

differences in the perception of financial statements by knowledgeable financial statement users 

between the new and old lease accounting treatments. More precisely, we aim to show the direct 

effects on the acquisition, weighting, interpretation, and overall firm performance evaluation 

of financial statement users. 

We conduct an experiment to investigate whether and how the new lease accounting 

treatment affects the overall evaluation of the financial position on a lessee’s financial 

statement. This experiment manipulates the presentation format of an operating lease (leased 

asset/lease liability recognized in the balance sheet according to IFRS 16 and ASU 2016-02 vs. 

lease information only disclosed in the notes according to the previous accounting standards). 

Academics in the area of accounting, who serve to represent knowledgeable financial statement 

users in the experiment, answer different questions on the financial position of a fictitious 

company. In addition to these decision data, we collect eye-tracking data that enable us to gain 

comprehensive insights into the decision-making processes of individuals based on financial 

statement information. 

We predict and find that individuals are more likely to acquire information on the lease 

liabilities (leased asset) under the new accounting treatment. Specifically, the collected eye-

tracking data provide evidence that the respective information is acquired significantly faster 
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on average and is reacquired more often when users are asked to evaluate the financial position 

of the company. Presenting the same piece of information on the operating lease in the balance 

sheet and not in the notes also results in subjects weighting the information as more important. 

Analyses of the eye-tracking data also show subjects on average fixating the same piece of 

information in the balance sheet for significantly longer, which indicates that recognized 

information enters the evaluation process with a higher weight than disclosed information. 

These changes in the decision-making process culminate in the final evaluation of the 

company’s financial position. We show that the new accounting treatments for leases influence 

the assessment of the financial position of the company and lead to more subjects evaluating it 

as significantly worse when information on the lease liabilities and leased asset is recognized 

in the balance sheet rather than disclosed in the notes. 

Our study contributes to the ongoing debate on lease accounting reform by examining the 

impact of the corresponding changes on the acquisition, subjective weighting of information, 

interpretation, and overall firm performance evaluation. Using a novel technology and 

analyzing individuals’ eye movements, our study explains the effect of a new standard on the 

information processing of financial statements. Using eye-tracking technology in addition to 

decision data helps to further incorporate unintentional information acquisition next to 

deliberate information accumulation. In the psychological literature, it has frequently been 

shown that information acquisition follows intuitive patterns and that unintentional information 

acquisition takes place (see e.g. Velichkovsky et al., 1995). Hence, the usage of eye-tracking 

data in addition to decision data in our analysis sheds light on both deliberate information 

acquisition and evaluation as well as intuitive unintentional information acquisition and 

integration. In contrast to previous research in this area, we can thus reveal each individual part 

of the informational search process and address how the differences in the user’s decision-

making processes affect changes in lease accounting instead of solely relying on the outcome 

from the decision-making processes. We thus also extend prior research that applies the Maines 

and McDaniel (2000) framework based on decision data and challenge those findings by 

providing direct evidence from individuals’ eye movements. Comparing decision data with the 

eye movements of individuals adds important knowledge since the direct observation of 

individuals’ information processing allows us to analyze the relation between information 

processing and decision making based on financial statements. 

The remainder of this paper is organized as follows. The next section summarizes the 

literature on recent developments on lease accounting. Afterwards, the hypotheses are 

developed in the third section. In the fourth section, we describe our experimental design, and 
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we provide our results in the fifth section. In the final section, we summarize and conclude as 

well as discuss the limitations of our study. 

II. RELATED LITERATURE 

As IFRS 16 and ASU 2016-02 predominantly affect the location of information on 

liabilities resulting from operating leases, our research relates to the “recognition versus 

disclosure” discussion (Aboody, 1996; Davis-Friday et al., 1999; Davis‐Friday et al., 2004; 

Ahmed et al., 2006). This branch of literature provides evidence that recognized information is 

acquired and processed differently than disclosed information (Maines and McDaniel, 2000). 

Furthermore, recognizing information raises value relevance (Davis-Friday et al., 1999). 

The positioning of relevant information is crucial, especially in the context of financial 

statements, since the risk of cognitive and attentional overload can threaten the decision quality 

of financial statement users (Hirshleifer, 2001; Daniel et al., 2002; Hirshleifer and Teoh, 2003; 

Duke and Hsieh, 2006). If the information provided exceeds the information-processing 

capacity of a person, he/she often ignores information perceived as less important (Eppler and 

Mengis, 2004). More precisely, Schipper (2007) states that disclosed information tends to be 

underweighted or ignored by users facing informational overload, while Lim and Teoh (2010) 

show that salient information is often overweighed compared with less important information. 

Similarly, Files et al. (2009) find that more salient information disclosure leads to better 

information integration. All these findings emphasize the importance of the presentation format 

and positioning of information in the financial statement. 

Some studies have explicitly addressed the accounting treatments of leases, finding mixed 

results. The accounting treatment of leases seems to affect the decision making of investment 

managers (Munter and Radcliffe, 1983) and analysts (Wilkins and Zimmer, 1983; Breton and 

Taffler, 1995), whereas auditors seem to consider off-balance sheet liabilities when assessing 

client risk. In particular, off-balance sheet leases have a larger impact on audit fees than on-

balance sheet leases (Krishnan and Sengupta, 2011), suggesting that auditors are not misled by 

off-balance sheet information (Abdel-Khalik, 1981). However, the location of information also 

affects the auditing process. In an experiment with 33 partners from the Big 4 audit firms, Libby 

et al. (2006) find that auditors believe that their misstatement reduction responsibilities are 

lower for disclosed than for recognized amounts, probably because they regard misstatements 

in disclosed information to be less material. Norman et al. (2011) replicate this experiment with 

73 chief audit executives and find that disclosed misstatements are more likely to be waived 
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than recognized misstatements. Thus, the location of information appears to influence audit 

judgments. The experimental evidence also suggests that the presentation format affects 

knowledgeable nonprofessional investors’ information processing. Lachmann et al. (2015) 

experimentally investigate the effects of the changed presentation format of gains/losses 

resulting from credit risk changes due to IFRS 9 on the evaluation of the company’s financial 

statements. The authors find that the presentation format (income statement vs. other 

comprehensive income) affects the acquisition and weighting of credit risk information as well 

as the risk of misinterpreting a credit risk change. 

Some studies also investigate the effect of capitalizing operating leases through impact 

analyses. Kostolansky and Stanko (2011), based on their findings, argue in favor of the IASB 

initiative for the capitalization of operating leases. Similar to Bennett and Bradbury (2003), 

they find a significant impact on firm-specific (leverage) ratios. Singh (2012) reports similar 

results for restaurants and retail firms and additionally identifies the industry sector and firm 

size as important factors affecting the impact of the new lease standards. Fitó et al. (2013) assess 

the potential impact of IFRS 16 on 52 listed companies in Spain and also report significant 

effects on financial ratios, especially on leverage ratios, as well as on return on equity and return 

on assets. Similar results have been shown for different branches, markets, and companies from 

different countries (e.g. Tai, 2013; Bohušová, 2015; Skarphagen and Ericson, 2015; Wong and 

Joshi, 2015; Sari et al., 2016). By contrast, the overall evaluation process from a financial 

statement user’s perspective has not yet been examined. While the investigation of the potential 

impact on key financial ratios has been thorough, it remains an open question whether and how 

IFRS 16 and ASU 2016-02 affect the acquisition, interpretation, weighting, and evaluation of 

financial statement users. 

III. HYPOTHESIS DEVELOPMENT 

We formulate and test separate hypotheses for each information-processing phase in 

evaluating financial statements. Rather than solely testing the overall impact of IFRS 16 and 

ASU 2016-02 on the final evaluation of the company’s financial situation, we subdivide the 

evaluation process in its individual parts and test the resulting changes caused by the new 

accounting standards in every phase before analyzing the overall impact. We align our 

framework with the previous work of Maines and McDaniel (2000), who identify three stages 

in the overall assessment of the financial report. According to their framework, the effects of 

the presentation format on investors’ performance assessment is best described by an 
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acquisition phase, followed by an evaluation and a weighting phase. Since we use a different 

setup in our experiment and focus on the overall evaluation of a company’s financial position, 

we slightly modify their framework. We identify three stages, partially coinciding with the 

framework of Maines and McDaniel (2000), culminating in the overall evaluation. First, 

whether, how often, and how fast the areas of interest (AOIs) are acquired (and reacquired) are 

of major interest. The overall evaluation crucially depends on the acquisition of relevant 

information. If important information is not acquired, it cannot enter the subsequent 

information-processing phase and will not influence the overall assessment. Then, participants 

assign weights to the information acquired, which determines its influence on the ensuing phase 

and the final evaluation decision. Finally, participants need to interpret the acquired weighted 

information to finally evaluate the overall financial statement. While previous research has not 

distinguished between biases in the overall evaluation (or assessment), we differentiate between 

biases in the overall evaluation of a company’s financial position and the interpretation of the 

key financial metrics. 

We address (most of) our hypotheses in two ways. While we ask our subjects specific 

questions to determine whether they acquired the relevant information, indicating the weight 

they assign to the information, and how they interpret the numbers of interest, we additionally 

track their eye movement during all these phases of the decision-making process. As mentioned 

above, using both decision data and eye-tracking data to check and validate our hypotheses is 

a novel approach and helps us understand the effects of the new lease accounting standards on 

financial statement users’ information processing, thereby allowing us to distinguish between 

reflective and intuitive information accumulation. While previous research on the recognition 

versus disclosure discussion has only retrieved results from reflective/deliberate decisions, we 

add to this literature the results deduced from the intuitive/automatic behavior acquired from 

the eye-tracking technology. We argue that storing the information and recalling it requires 

deliberate cognitive capacity by individuals. The recorded eye-tracking data additionally 

contains intuitively acquired information. Of course, the eye-tracking data includes 

observations from the deliberate information search process, but additionally non-deliberate 

information acquisitions and integrations are recorded. To capture the entire information 

processing of individuals, it is thus important to investigate the intuitive information 

accumulation in addition to the storing and recalling of information when interrogating it. We 

therefore develop two hypotheses for the acquisition phase. Against the background of prior 

evidence (Hodge et al., 2004; Lachmann et al., 2015), we assume that the higher degree of 

prominence of recognized information in comparison to disclosed information leads to more 
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fixations on this information and therefore to a higher acquisition rate. We thus predict the 

following for the acquisition phase: 

H(A_ET): Individuals focus on information on the leased (right-of-use) asset 

and lease liability more often when the corresponding information 

is recognized rather than disclosed. 

H(A_D): Individuals are more likely to deliberately acquire information on 

the leased (right-of-use) asset and lease liability when the 

corresponding information is recognized rather than disclosed. 

As previously mentioned, information acquisition is measured using two approaches in 

our experiment. First, we asked our subjects whether the financial statements contained 

information about the lease liabilities (leased asset). Second, we recorded eye gaze data with 

eye-trackers, which allows us to measure additional undeliberate acquisition behavior. We 

expect the corresponding frequencies of affirmative answers to our questions in the 

questionnaire and the eye-tracking data. 

Investors weigh recognized figures higher than disclosed figures to determine firm value 

since these represent better predictors of firm performance (Gopalakrishnan and Parkash, 1996; 

Davis-Friday et al., 1999). In particular, proximity to important indicators such as net income 

increases the weight investors place on financial information (Maines and McDaniel, 2000). In 

this regard, Lachmann et al. (2015) show that knowledgeable nonprofessional investors weight 

information higher when it is presented in the income statement than when it is included in the 

other comprehensive income. Moreover, individuals have higher trust in recognized than 

disclosed figures (Ahmed et al., 2006) and therefore regard recognized information as more 

value relevant (Gopalakrishnan and Parkash, 1996). The more prominent position of the 

respective positions in the balance sheet compared with the notes explains the higher weights 

on these figures. Following the findings of Pomplun et al. (1996); Rayner (1998); Velichkovsky 

(1999); Velichkovsky et al. (2002) stating that the length of fixations is an indication of 

extensive cognitive processes, we assume that the length of fixation corresponds to the weight 

individuals place on a piece of information. However, the relation between the intensity of 

information observation and weight individuals deliberately assign to information for the 

company performance evaluation has not thus far been analyzed. Therefore, we predict the 

following hypotheses for the weighting phase: 
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H(W_ET): Individuals fixate on information on the leased (right-of-use) asset 

and leased liability longer when the corresponding information is 

recognized rather than disclosed. 

H(W_D): Recognizing information on the leased (right-of-use) asset and 

lease liability rather than disclosing it increases the weight 

individuals deliberately place on previously acquired lease 

information when evaluating the overall financial position of the 

company. 

One of the main objectives of the new lease standard was to improve the transparency of 

lease accounting (IFRS, 2013) to allow investors to consider all relevant information on 

company leases. In addition, the lease liability must be considered when determining the 

company’s leverage and total debt. The salience of information on the lease liability has 

therefore risen by recognizing it in the balance sheet instead of only disclosing it in the notes. 

As stated before, investors tend to place a higher weight on recognized than on disclosed 

information (Hodder et al., 2001; Ahmed et al., 2006). We therefore predict that to evaluate the 

total debt and leverage of the company, financial statement users are more likely to correctly 

consider the lease liability when it is recognized in the balance sheet as required by IFRS 16 

and ASU 2016-02. With respect to the interpretation phase, we thus state the following 

hypothesis: 

H(I): Owing to the increased saliency and higher subjective weighting of 

the lease liability under recognition than under disclosure, the 

interpretation of total debt and leverage is less biased when the 

lease liability is recognized. 

When recognizing the lease liability instead of only disclosing it in the notes, the leverage 

of the company presented in the balance sheet increases. Investors might therefore evaluate the 

overall financial position of the company as worse even though its economic situation remains 

unchanged. Regarding the evaluation of the overall financial position, we summarize our 

predictions for the preceding information-processing phase as follows: 

H(E): Individuals evaluate the financial position of the company as worse 

when information on the leased (right-of-use) asset and lease 

liability is recognized rather than disclosed. 
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Figure 20 in VIII. Appendix B: Tables and Figures provides an overview of our 

hypotheses and outlines the research instruments used to test the hypotheses corresponding to 

the parts of the evaluation process. 

IV. EXPERIMENTAL DESIGN 

We test our hypotheses in a simple between-subjects 1×2 experiment. For our subjects in 

the disclosed (DISC) treatment, we present information on the leased asset and corresponding 

liabilities in the notes. In our recognized (REC) treatment, the lease liability is recognized in 

the balance sheet. The leased asset is presented under “right-of-use assets” (i.e., separate from 

the other assets) in this treatment. To reduce subjectivity in determining the informational 

content and focus on the effects arising from the location, we hold the measurement of both the 

liability and the asset constant across our treatments. Except for the difference in the location 

of the lease liability in the financial statement (and the leased asset), all other items remain 

unchanged. 

To analyze the effects of the new lease accounting standards, we address the situation in 

which a company is in financial distress in the sense that its long-term liabilities including its 

liabilities resulting from lease arrangements exceed its equity, whereas its long-term liabilities 

excluding those arising from lease contracts would not suggest financial distress. Thus, the 

overall evaluation crucially depends on whether the addressee acquires information on the lease 

liabilities, interprets this information correctly, and assigns an appropriate weight to this 

information. Our design is in line with the empirical evidence indicating that lease accounting 

affects both investors’ risk assessments (Imhoff Jr et al., 1993; Ely, 1995; Beattie et al., 2000) 

(see Lipe (2001) for an overview) and the decisions of ratings agencies (Standard & Poor’s, 

2002; Moody’s, 2006; Sengupta and Wang, 2011) as well as that the accuracy of predictions of 

financial distress improves when off-balance lease arrangements are taken into account (see 

Lipe (2001) for an overview). 

In our experiment, we collected decision data through questions answered by participants 

as well as eye-tracking data. Our subjects were welcomed to the experiment, informed about 

their anonymity, and told that they were to be asked questions about the financial statements of 

a fictitious Company XY. We incentivized participation by raffling a €200 Amazon voucher in 

each session. The probability of winning the voucher increased with the number of correctly 
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answered questions.24 After the welcome screen, on-screen instructions informed participants 

about the information contained in the following financial statements and technical aspects of 

the eye-tracking procedure. After the eye-trackers were calibrated to the eyes of participants, 

the main part of the experiment started. Participants clicked through the financial statement of 

Company XY and were asked several questions on its overall financial position (overall 

performance evaluation, hypothesis H(E)) as well as which financial information they 

considered to which extent for this evaluation (weighting, hypotheses H(W_D)). We also asked 

subjects to calculate the values for long-term debt, equity, assets, total debt, leverage, and the 

debt ratio (interpretation, hypothesis H(I)). In addition, we analyzed whether participants move 

back from these questions to the financial statements and whether they jump to the notes or the 

balance sheet. Moreover, when answering the questions, we enabled directly assessing specific 

parts of the financial statement (i.e., income statement, balance sheet, cash flow statement, and 

notes) to track ex post which part of the financial statement was repeatedly accessed. Finally, 

participants had to answer whether information on the leased asset and lease liability were 

recognized in the balance sheet or disclosed in the notes only, without access to the financial 

statements (acquisition, hypothesis H(A_D)). We placed the questions on the acquisition phase 

after the other questions to avoid drawing participants’ attention to the leased asset and lease 

liabilities, which would otherwise have affected the evaluation and weighting of this 

information. We did not restrict the time subjects needed to answer all questions and assess the 

financial statement. Imposing time pressure on subjects could have caused distorted measures. 

After finishing the main part of the experiment, we added a lottery task to assess the risk 

preferences of participants and asked for demographic and professional details. 

To measure the precision of the individual eye-tracking data recorded, we used validation 

screens at the beginning of the experiment (directly after the calibration) and at the end of the 

experiment. In this way, we could assess each individual’s eye-tracking data quality as well as 

examine variations in quality during the experiment. 

Participants 

In total, 44 subjects (24 subjects in the DISC treatment and 20 in the REC treatment) 

participated in our experiment. The experiments were conducted at two academic conferences 

in Germany. Participants were on average 35 years old and 68.2% were male. On average, they 

held their current position for 4.9 years. We used academics in the field of accounting as 

                                                 
24  The screenshots in VII. Appendix A: Screenshots provide an overview of the stated questions and provided 

material. 
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subjects for our experiments to ensure a high level of professional knowledge of this topic and 

guarantee the ability of participants to understand the task properly. These participants (22 

doctoral students, three postdocs, seven assistant professors, and 12 professors) thus served as 

proxies for knowledgeable financial statement users. On average, participants earned €5.87 and 

6.4 lottery tickets. Among all the participants in one session, we raffled one Amazon voucher 

worth €200. 

Technical details of the analysis 

We used laptops with i5 processors, 8 GB RAM, and SSD storage to ensure sufficient 

computational power and speed for proceeding the eye-tracking data. The screen size of the 

laptops was 14 inches with a resolution of 1920×1080 pixels and the Tobii EyeX eye-trackers 

were attached to the laptops at the bottom of the screen. The eye-trackers recorded the gaze data 

at 60 Hertz. All further analysis relies on the raw data from the eye-tracker and was carried out 

by the authors.  

In the following analysis, a fixation is defined to be at least 117 ms long and is allowed 

to differ within a precision range of 40 pixels. Unfortunately, there is not yet an academic 

standard on the definition of the (minimum) length of a fixation or on the precision range. We 

defined the minimum time subjects spent on a region as the length of the fixation based on 

conducted pretests. About 117 ms seemed to be the most appropriate value for our setting.25 

We allowed for a precision tolerance range of 40 pixels, resulting in a margin of error of less 

than 0.6 degrees.26 Table 6 in Appendix B contains the mean precision errors of all participants. 

V.RESULTS 

Acquisition 

As previously stated, we expect financial statement users to be more likely to acquire 

recognized than disclosed information. We asked participants whether the financial statement 

contained any information on the lease liability and leased asset in both treatments. When the 

information was recognized, 95% of subjects stated that the financial statement contained 

information about the lease liability, while only 33.3% did so when the information was 

disclosed in the notes. Similarly, for the leased asset, 85% of participants in the REC treatment 

                                                 
25  As a robustness check, we reran our analysis with values higher and lower than 117 ms. There were no 

meaningful changes to our results. 
26  We set up our lab in a way that participants had a distance from the screen and eye-tracker of about 65 cm. 

Since the screens are 31×17.5 cm with a resolution of 1920×1080 pixels, a precision tolerance range of 40 
pixels results in less than 0.6 degrees of failure tolerance. 
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stated that the financial statement contained information about the leased asset compared with 

only 54.2% of those in the DISC treatment. These treatment differences are highly significant 

(please liabilities = 0.0000; pleased asset = 0.0289); [please liabilities = 0.0000; pleased asset = 0.0307].27 

Our design allows to compare the number of fixations on the respective information in 

the financial statements. As a result, we can identify participants unintentionally acquiring the 

respective information even though they stated that the financial statement does not contain 

these figures. Indeed, only about half of participants fixated at least once on the lease liability 

when it was disclosed in the notes, while all participants did so when it was recognized in the 

balance sheet. Furthermore, among participants fixating at least once on the lease liabilities, 

those in the REC treatment fixated the corresponding number significantly28 more often (155.2 

times on average) than participants in the DISC treatment (9.9 times on average). The relatively 

large AOI for the leased asset led to similar acquisition rates. All but two subjects fixated at 

least once on the corresponding AOI in each treatment. For the sake of external validity, the 

amount of information on the leased asset in the notes had to be larger than the corresponding 

position in the balance sheet in the REC treatment. Unfortunately, it was not possible to design 

the note on the leased asset in the DISC treatment to be the same physical size as the 

corresponding position in the REC treatment in the balance sheet without considerably 

deviating from the standard presentation format of the notes. Using the same size for the leased 

asset in both treatments would have caused misleading information or may have created 

experimenter demand effects. To compare the AOIs of the leased asset in both treatments, we 

thus had to scale the AOI on the leased asset in the DISC treatment to the size of the AOI in the 

REC treatment either by scaling the physical size on the screen (pixels) or by adjusting the 

number of characters the AOI contains. Since the AOIs for the lease liabilities (in both 

treatments) and leased asset in the REC treatment had the same physical size, we scaled the 

AOI on the leased asset in the DISC treatment to the size of the remaining AOIs. If we scale 

the size of the AOI by the number of pixels or the number of characters, we again observe 

comparably less fixations on information on the leased asset when disclosed in the notes. When 

information on the leased asset was disclosed in the notes, participants on average fixated 4.1 

                                                 
27  In the following, the p-values presented in “()” will represent results from standard t-tests. Owing to the 

decision data being non-normally distributed, nonparametric tests will be additionally presented in our analysis. 
P-values presented in “[]” are drawn from Wilcoxon rank sum tests (Wilcoxon et al., 1970) to compare the 
distribution between the subpopulations or the respective medians depending on the question of interest. 

28  t-test: p = 0.0000.Wilcoxon rank sum test for the equality of medians: p = 0.0000. 
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times29 on it, while they fixated on average 128.5 times on the figure presented in the balance 

sheet. The difference in means [medians] is statistically significant (p = 0.0000); [p = 0.0000]. 

When we asked participants to evaluate the financial situation of the company, all subjects 

returned to the balance sheet 51 times in total and 10% of the subjects returned to the notes four 

times when information about the lease liabilities was recognized. In turn, 90% of subjects did 

not reacquire the notes when asked to evaluate the financial situation of the company when 

information about the lease liabilities was presented in the balance sheet. Disclosing this 

information in the notes led to a similar picture. Similarly, 83.3% of subjects returned to the 

balance sheet 49 times in total and 25% returned to the notes eight times. This finding implies 

that participants – irrespective of the treatment condition – predominantly acquired information 

from the balance sheet more often than from the notes. 

Using the eye-tracking data to further investigate the acquisition of information in the 

evaluation process, we find more evidence for subjects primarily not reacquiring information 

on the lease liabilities when it is disclosed in the notes. In the REC treatment, 60% of the 

subjects fixated on average 21.6 times on the lease liabilities presented in the balance sheet, 

whereas only 4.2% fixated 13 times on them in the DISC treatment (presented in the notes). 

Similarly, the leased asset was reacquired by the minority of participants in the DISC treatment 

during the evaluation phase. Overall, the leased asset was fixated in the balance sheet 206 times 

by 70% of the subjects (treatment: REC), while only 16.7% in the DISC treatment reacquired 

the leased asset in the notes 178 times (treatment: DISC). Although we allowed all subjects in 

all treatments to repetitively look up all information when answering the questions, they often 

failed to acquire the important information on the lease liabilities and leased asset when it was 

disclosed in the notes. 

Clearly, the fixations are the most important determinant in the acquisition phase. Adding 

up to the considerations on acquisition behavior, the time to first fixation (TTFF) measure 

provides further insights. It has already been shown that the saliency of information is 

associated with access speed to a given stimulus (Wedel and Pieters, 2008). In our design, we 

placed the numbers on the lease liabilities in the same screen position in both treatments. 

Moreover, the size of the AOI was held constant. Comparing the TTFF for the lease liabilities 

provided a similar picture as the results for the fixations. When initially reading the balance 

sheet (notes), participants on average took 24.1 (52.8) seconds to fixate the information on the 

                                                 
29  As previously mentioned, we standardized this AOI according to the relative size in pixels. If we instead use 

the number of characters, this would result in an average number of fixations of 6.04. 
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lease liabilities for the first time (p = 0.0346); [p = 0.0300]. The respective comparison for the 

leased asset showed similar search behavior. When presented in the balance sheet, subjects on 

average took only 33.1 seconds to first fixate on the respective figure compared with 50.1 

seconds when the corresponding information was provided in the notes (p = 0.0888); [p = 

0.2332]. 

We therefore find evidence to support hypotheses H(A_D) and H (A_ET) in our data. 

The results of the decision data are confirmed by our eye-tracking data, showing that individuals 

are significantly more likely to acquire lease liability information when it is recognized in the 

balance sheet. Additionally, financial statement users acquire recognized information on lease 

liabilities and leased asset significantly faster during their decision-making process. 

Weighting 

Similarly to the previous analyses, we address the weighting process in two ways. While 

we used the average length of the fixations on the respective AOIs to test our eye-tracking 

hypothesis, we additionally asked subjects to state to what extent they considered specific 

figures in their evaluation of the company. Specifically, we asked them to weight these numbers 

by using a sliding scale ranging from “not at all important” to “extremely important.” The 

figures of interest evaluated by subjects were “Total cash flow and its components”, “Cash and 

cash equivalents”, “Return on equity”, “Net income”, “Total equity,”, “Lease liabilities”, 

“Leased assets”, “Total liabilities”, “Total assets”, and “Rating.” As hypothesized previously, 

we expect participants to place more weight on the lease liabilities and leased asset when they 

are presented in the balance sheet rather than in the notes. 
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Figure 17: Box-plots for participants’ answers to “To what extent did you consider the following 
information in your evaluation of the financial position of Company XY?” Subjects needed to adjust a 
sliding scale ranging from 0 (“not at all important”) to 1 (“extremely important”) on the following 
financial indicators: “Total cash flow and its components”, “Cash and cash equivalents”, “Return on 
equity”, “Net income”, “Total equity”, “Lease liabilities”, “Leased assets”, “Total liabilities”, “Total 
assets”, and “Rating.” 

Figure 17 presents the box-plots for the weights participants assigned to the relevant 

figures. While the weighting for most positions in the financial statement across the treatments 

looks similar, that on “Lease liabilities”, “Leased assets”, and “Rating” differ between the two 

treatments. Table 4 provides the values for the box-plots shown above. As expected, 

participants weight the lease liabilities and leased asset as more important when they are 

presented in the balance sheet rather than in the notes. We find a significant difference (p = 

0.0005); [p = 0.0096] in the weights for the lease liabilities and the weights of the leased asset 

(p = 0.0285); [p = 0.1451]. 
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Table 4: Means, medians, standard deviations, and t-tests [Wilcoxon rank sum tests for equal medians] 
for participants weighting on the positions: “Total cash flow and its components”, “Cash and cash 
equivalents”, “Return on equity”, “Net income”, “Total equity”, “Lease liabilities”, “Leased assets”, 
“Total liabilities”, “Total assets”, and “Rating.” 

 Total cash flow 
and its 
components 

Cash and cash 
equivalents 

Return on equity Net income Total equity 

 REC DISC REC DISC REC DISC REC DISC REC DISC 
MEAN 0.607 0.5729 0.404 0.4308 0.425 0.4038 0.4645 0.5454 0.585 0.4483 
MEDIAN 0.65 0.615 0.285 0.42 0.355 0.34 0.44 0.595 0.625 0. 44 
SD 0.2782 0.3261 0.3238 0.3210 0.3370 0.3632 0.2672 0.5839 .04041 0.3016 
 p = 0.7142 

[p = 0.7680] 
p = 0.7847 

[p = 0.9061] 
p = 0.8427 

[p = 0.7585] 
p = 0.3392 

[p = 0.2527] 
p = 0.1766 

[p = 0.2152] 
 
 Lease liabilities Leased assets Total liabilities Total assets Rating 
 REC DISC REC DISC REC DISC REC DISC REC DISC 
MEAN 0.5345 0.1717 0.352 0.1546 0.546 0.5471 0.3485 0.4125 0.1555 0.2679 
MEDIAN 0.675 0.115 0.255 0.08 0.6 0.645 0.32 0.41 0 0.245 
SD  0.4041 0.2281 0.3638 0.2040 0.3488 0.3213 0.3160 0.2995 0.3045 0.2810 
 p = 0.0005 

[p = 0.0096] 
p = 0.0285 

[p = 0.1451] 
p = 0.9915 

[p = 0.8968] 
p = 0.4950 

[p = 0.4563] 
p = 0.2103 

[p = 0.1235] 

As pointed out in the previous paragraphs, lease accounting information in the financial 

statements was accessed by users significantly more often when it was recognized in the balance 

sheet rather than disclosed in the notes. While this finding indicates the overall better 

acquisition rate of the relevant information in the recognized treatment, it is not necessarily a 

measure of the relative weight assigned by participants to the respective numbers. When we 

compare the mean net fixation time, our subjects spent on the lease liabilities in the respective 

treatments, we find no significant difference (p = 0.5396); [p = 0.098]. In the REC treatment, 

subjects spent on average 193.7 ms focusing on the lease liability compared with 181.6 ms on 

the respective AOI in the DISC treatment. Part of the low significance in this difference may 

be driven by the small number of observations/fixations in the DISC treatment. While 

participants’ fixation time on the leased asset was 199.8 ms on average when it was recognized 

(REC), the mean net fixation time under disclosure (DISC) was 174.6 ms (p = 0.0000) [p = 

0.001]. Overall, we find evidence in support of our hypothesis H(W) with regard to the 

presentation format of the leased asset. By contrast, we do not find significant differences in 

the weighting for the two presentation formats of the lease liability. 

Interpretation 

Because of the increased saliency, which results in higher acquisition (H(A)), and the 

increased subjective weighting (H(W)), we expect the interpretation of the key metrics to 

change because of the new presentation format. For total debt and long-term debt, “Lease 

liabilities” need to be taken into account separately when the respective number is disclosed in 

the notes, whereas they are already subsumed in “Total liabilities and equity” under recognition 
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according to IFRS 16/ASU 2016-02. If subjects fail to integrate both figures because of a lack 

of acquisition or their weighting behavior, the debt ratio is biased because of incorrectly 

assessing the liabilities too low (under DISC) if the numbers were only disclosed in the notes. 

 
Figure 18: Box-plots for participants’ choices for the questions: “Which value would you use in t = 1 for 
long-term debt”? (in thousands of EUR)”; “Which value would you use in t = 1 for equity?” (in thousands 
of EUR)”; “How would you – roughly – judge the leverage resulting in t = 1?” (sliding scale ranging from 
“leverage is extremely bad” to “leverage is extremely good”); “Which value would you use in t = 1 for 
assets?” (in thousands of EUR)”; “Which value would you use in t = 1 for total debt?” (in thousands of 
EUR)”; “How would you – roughly – judge the debt ratio resulting in t = 1?” (sliding scale ranging from 
“the debt ratio is extremely bad” to “the debt ratio is extremely good”). 
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Table 5: Means, medians, standard deviations, and t-tests [Wilcoxon rank sum tests for equal medians] 
for participants’ choices for the questions: “Which value would you use in t = 1 for long-term debt?” (in 
thousands of EUR)”; “Which value would you use in t = 1 for equity?” (in thousands of EUR)”; “How 
would you – roughly – judge the leverage resulting in t = 1?” (sliding scale ranging from “leverage is 
extremely bad” to “leverage is extremely good”); “Which value would you use in t = 1 for assets?” (in 
thousands of EUR)”; “Which value would you use in t = 1 for total debt?” (in thousands of EUR)”; “How 
would you – roughly – judge the debt ratio resulting in t = 1?” (sliding scale ranging from “the debt ratio 
is extremely bad” to “the debt ratio is extremely good”). 

 Value of long-term debt Value of equity Leverage 
REC DISC REC DISC REC DISC 

MEAN 59746.45 29158.71 48976.85 45438 0.111 0.2117 
MEDIAN 78781 24100 46304 46304 0.01 0.26 
SD 26860.65 15300.02 12241.13 2814.78 0.465 0.415 
 p = 0.000 

[p = 0.008] 
p = 0.176 

[p = 0.895] 
p = 0.429 

[p = 0.226] 
 
 Value of assets Value of total debt Debt ratio 

REC DISC REC DISC REC DISC 
MEAN 86943.45 62993 82816.85 37223.08 0.147 0.2225 
MEDIAN 86550 73021.5 86550 36700 0.08 0.32 
SD 39870.57 24442.14 39870.57 12355.57 0.468 0.457 
 p = 0.019 

[p = 0.378] 
p = 0.000 

[p = 0.000] 
p = 0.592 

[p = 0.226] 

Figure 18 and Table 5 present participants’ interpretation of the financial statements. We 

observe on average (statistically significant) larger values for long-term debt under recognition 

than under disclosure. Subjects on average more correctly estimated long-term debt when 

information on the lease liabilities was recognized in the balance sheet. Still, 35% failed to 

correctly integrate the lease liabilities into their interpretation of long-term debt in the REC 

treatment. Nevertheless, only 8.3% correctly added the lease liabilities to long-term debt when 

information on the lease liabilities was disclosed in the notes. By contrast, the estimation on 

equity does not differ between treatments and nearly all subjects correctly estimated this figure. 

Interestingly, the biased estimation of long-term debt does not affect the estimation of leverage 

as strong as expected. We do not find a statistically significant difference between the 

treatments for the interpretation of leverage. By contrast, the undervaluation of total debt in the 

DISC treatment compared with the REC treatment is highly significant (p = 0.000); [p = 0.000] 

and the corresponding estimations only inhibit small variance in both treatments. However, 

since the effect of IFRS 16/ASU 2016-02 results in a higher estimation of the value of assets 

and in a higher estimation of the value of total debt, the overall effect on the debt ratio is unclear. 

We do not observe statistically significant treatment effects for the debt ratio. 

We previously argued that the difference in interpretation is partially caused by the 

difference in acquisition and partially by the difference in the asserted weights. Indeed, if we 

repeat our treatment comparison only with subjects consciously acquiring the respective 
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information on lease liabilities and leased asset,30 we do not observe any statistically significant 

difference for long-term debt, which means the difference in this interpretation is mainly driven 

by the lack of the acquisition of information on the lease liabilities. Whereas we can assign the 

difference in the interpretation of long-term debt to the lack of acquisition of the lease liabilities 

in the notes, the difference in the interpretation of total debt is highly correlated (Pearson’s 

correlation coefficient: ρ = 0.3787, p = 0.0112) with the weighting of the importance of the 

lease liabilities. Here, subjects seem to consider information on the lease liabilities as less 

important when they are displayed in the notes than in the balance sheet. The difference in 

interpretation in our treatment on long-term debt is driven by the significantly lower acquisition 

rate of the lease liabilities and leased asset, while the difference in the interpretation of total 

debt relates to the lower asserted weights. The different weighting of the information presented 

in the balance sheet or the notes has also been shown by Sirois et al. (2018) in a different 

context. 

In addition to the decision data, we further corroborate our hypothesis by analyzing the 

search process and information acquisition. In the previous section, it was shown that the 

acquisition rates of the lease liabilities and leased asset are significantly lower if the information 

is presented in the notes rather than in the balance sheet. The considerably lower number of 

acquisitions of the lease liabilities in the notes compared with the balance sheet becomes even 

more explicit when we compare the reacquisitions when subjects were asked to interpret these 

key financial metrics. Again, participants were allowed to return to any part of the financial 

statement. Irrespective of the treatment condition, every participant returned to the balance 

sheet when asked the questions stated above. On average, the balance sheet was reacquired 7.9 

times in the REC treatment and 7.7 times in the DISC treatment. By contrast, the DISC 

treatment led to 41.7% of subjects (compared with 15% under REC) reacquiring the notes on 

average 1.6 times (compared with 1.3 times under REC). While these numbers appear to 

indicate that some participants correctly assessed the important numbers irrespective of the 

positioning in the financial statement, the eye movements provide different evidence: only 

12.5% of participants in the DISC treatment fixated on average 14.7 times on the lease 

liabilities, while 85% did so 141 times on average in the REC treatment. Similarly, the leased 

                                                 
30  Table 7 and Figure 21 in VIII. Appendix B: Tables and Figures present the corresponding box-plots and 

statistics. 
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asset was fixated in the balance sheet by 75% of participants 1290 times, while only one-third 

of subjects fixated the corresponding information in the notes 1030 times.31 

If participants returned to the balance sheet or notes, they acquired information on the 

lease liabilities faster (TTFF) when it was presented as part of the balance sheet (tbalance sheet = 

12.52 sec.; tnotes = 14.28 sec.; p = 0.7849; [p = .0282]), whereas information on the leased asset 

was acquired faster when depicted in the notes (tbalance sheet = 15.18 sec.; tnotes = 5.71 sec.; p = 

0.0199; [p = .040]). Since only a few subjects reacquired information on either the lease 

liabilities or the leased asset in the DISC treatment and the physical size of the leased asset was 

larger in the DISC treatment, the explanatory power of these results could be limited. There is 

no significant difference in the TTFF for information on the lease liabilities and the difference 

is not large. Interestingly, the few subjects reacquiring the notes, quickly – and significantly 

faster – fixate the information on the leased asset. 

These results support hypothesis H(I). The difference in acquisition and weight attribution 

caused by the different presentation formats due to IFRS 16/ASU 2016-02 result in a 

significantly different interpretation of long-term debt and total debt. Overall, the new lease 

accounting standards therefore lead to a more precise assessment of the firm’s financial 

obligations. 

Overall Evaluation 

Finally, it is important whether the two described presentation formats lead to different 

overall evaluation decisions even though the financial situation of the fictitious company 

remains unchanged. Thus, we asked subjects to evaluate the financial position of the company 

on a sliding scale ranging from “extremely bad” to “extremely good” (the scale ranged from -1 

to 1, but the values were not visible to participants). We test hypothesis H(E) by comparing the 

estimation of the overall financial position of the firm across our treatments. We find that 

recognizing the lease information leads to a worse evaluation of the financial position of the 

company by participants (mean = 0.036; SD = 0.51) compared with the overall evaluation when 

lease information is disclosed in the notes (mean = 0.2375; SD = 0.34). Although the financial 

position of the fictitious company was – by design – the same, participants evaluated its 

financial position significantly (p = 0.0637); [p = 0.4016] worse when lease information was 

recognized. Hence, the overall worse evaluation of the financial position of the company in the 

                                                 
31  These numbers are an absolute measure and are not scaled. Recall that the AOI of the leased asset in the DISC 

treatment exceeded the AOI in the REC treatment by 46 times in terms of pixels and by 31.3 times in terms of 
the number of characters. 
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REC treatment than the DISC treatment is due to the significantly higher acquisition rate of the 

lease liability information presented in the balance sheet, the significantly higher weighting of 

the importance of this information, and the more appropriate (i.e., worse) assessment of the 

company’s total debt caused by the two preceding factors. 

Causal model 

Figure 19 presents a causal model of our hypothesized relationships for the lease liability. 

We use a structural equation path analysis to estimate the hypothesized links between 

presentation format and participants’ evaluation of firm performance. The standardized path 

coefficients and the p-values depicted are calculated using a maximum likelihood estimation 

that simultaneously estimates all of the links. Our model shows that as predicted in H(A), the 

recognition of the lease liability has a significant positive effect on both the unintentional 

acquisition of the respective position with eye movements and deliberate acquisition and 

recapitulation. According to H(W), participants weight the information provided in the balance 

sheet higher than the same information disclosed in the notes. We find that the subjective 

weighting as well as the fixation length used as a proxy for cognitive processing are 

significantly positively influenced by the recognition format. The positive effect of recognition 

on acquisition and weighting also increases participants’ interpretation of leverage (lease 

liabilities). The estimation of leverage (on a scale from “extremely bad” to “extremely good”) 

is significantly influenced by the overall evaluation of the financial position of Company XY. 

In summary, our model supports our hypothesized relationships between the different phases 

and overall evaluation of the company’s financial position. 

We find that our eye-tracking data mostly confirm the respective decision data. The 

coefficients for the acquisition and weighting phases are both significant at the 1% level. For 

the acquisition phase, the new presentation format has a stronger impact on the deliberate 

storing and recalling of the information than on the intuitive eye gaze of individuals (path 

coefficients 0.62 vs. 0.42). For the weighting phase, recognizing the lease information strongly 

affects the fixation length (coefficient 0.99), whereas the coefficient for the deliberate weighting 

of the importance of this information is much lower (0.36). The estimation of the company’s 

leverage, by contrast, is more strongly influenced by the weight an individual deliberately 

assigns to information on the leased asset or lease liability. This finding indicates that a first 

analysis of financial statements and building judgments based on financial information are two 

processes that are differently affected by the presentation format of financial statements. 

Overall, our results provide conclusive evidence that the phase model of Maines and McDaniel 
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(2000) appropriately describes the information-processing and decision-making stages of 

financial statement users. The presentation format of financial statement information affects the 

intuitive eye gazes of information as well as deliberate mind processes of individuals, which 

are based on prior knowledge and expectations. 

 

Figure 19: Process analysis. 

Note: The model is based on the observations of lease liabilities. The binary treatment variable recognized 
is equal to 1 if information on the lease liabilities is recognized in the balance sheet and equal to 0 if the 
respective information is disclosed only in the notes. The binary variables acquisition and acquired take 
on the value 1 if the respective information is stated to be acquired (acquisition) or is acquired with the eye 
gaze (acquired) and 0 otherwise. The continuous independent variable fixation length represents the 
fixation duration on the lease liabilities in milliseconds. The continuous variable weighting represents the 
subjective weighting from -1 (not at all important) to 1 (extreme important) of the importance of the lease 
liabilities for the overall evaluation of the financial position of Company XY. The variable leverage 
represents participants’ estimations from -1 (extremely bad) to 1 (extremely good). The continuous 
dependent variable evaluation is participants’ estimate of the overall financial position of Company XY on 
a scale from -1 (extremely bad) to 1 (extremely good). The model is estimated based on 44 observations. 
The standardized coefficients are shown above the respective paths. The superscripts *, **, and *** 
indicate significance at the 10%, 5%, and 1% levels, respectively. 

VI. SUMMARY AND CONCLUSION 

The previous sections provided evidence that changes in the location of the lease 

liabilities (and the leased asset) in the financial statements of a company affect the acquisition 

of the corresponding information, shape the weight users allocate to it, and influence the 

interpretation of the key metrics depending on those figures. Consequently, IFRS 16 and ASU 

2016-02 affect the overall evaluation of a company’s financial position. 
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Owing to IFRS 16/ASU 2016-02, users are more likely to acquire information on the 

lease liabilities (the leased asset) when presented in the balance sheet rather than in the notes. 

Additionally, on average, the respective information is acquired significantly faster and is 

reacquired more often when users are asked to evaluate the financial position of the company 

in question. Although the information was prominently positioned in the notes (see VII. 

Appendix A: Screenshots), significantly fewer subjects acquired and reacquired the respective 

information on the lease liabilities and leased asset and those subjects (re)acquiring this 

information took significantly longer to do so. 

Presenting the same piece of information on the operating lease in the balance sheet 

resulted in subjects weighting the information as more important. Similar to Maines and 

McDaniel (2000) and Libby et al. (2006), we thus find that participants intentionally place more 

weight on the same information presented in the balance sheet compared with in the notes. 

Enriching this finding by investigating the eye-tracking data shows subjects fixating the same 

piece of information for significantly longer on average in the balance sheet, which is a proxy 

for cognitive processing (cf. Pomplun et al., 1996; Rayner, 1998; Velichkovsky, 1999; 

Velichkovsky et al., 2002) and an indication of recognized information entering the evaluation 

process with a higher weight than that of disclosed information. This finding specifically holds 

true for information on the lease liability, whereas we do not find comparable differences for 

the information on the leased (right-of-use) asset. 

Consequently, the interpretation of the key metrics is affected by differences in 

acquisition and weighting (which are in turn influenced by the presentation format). In 

particular, the higher number of acquisitions and larger weight on the lease liabilities result in 

comparably higher estimates for long-term debt and total debt and then a worse overall 

assessment of the company’s leverage. When information on the lease liabilities was contained 

in the notes only, participants stated significantly lower estimates for long-term debt and total 

debt. 

Doubtlessly, the overall evaluation is the most important factor of interest. The previously 

described determinants of the decision-making process culminate in the final evaluation of the 

company’s financial position. We show that the IFRS 16- and ASU 2016-02-induced changes 

on the determinants of the evaluation process influence the assessment of the financial position 

of the company and lead subjects to evaluating that financial position as significantly worse 

when information on the lease liabilities (leased asset) is recognized in the balance sheet rather 

than disclosed in the notes. 
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The aim of this study was not to judge whether the financial statement of a company is 

more decision useful under the new lease accounting standards, but rather to highlight the 

changes induced by the transition from the disclosure to the recognition of operating leases. We 

showed that the evaluation of a company strongly depends on the presentation format. It is thus 

crucial to highlight and make financial statement users aware of the changes in the presentation 

format to reduce biases in the evaluation process. Overall, our results provide evidence that the 

company’s obligations resulting from lease contracts are more completely acquired by financial 

statement users under the new accounting standards, which supports the intention of the 

standard setter to increase the transparency of lease accounting. However, the fact that 

individuals perceived the financial position of a company as significantly worse under the new 

lease accounting treatment should be considered by financial statement preparers and the 

company’s stakeholders, especially during the early years of the implementation of the new 

standards. 

Our study has some limitations. First, we faced the problem of a small data sample as it 

is difficult to gather data from participants with professional accounting knowledge. We 

conducted our experiment with highly educated subjects teaching and conducting research in 

this field, which ensured a sufficient level of professional knowledge on the topic of interest. 

Second, we used simplified financial statements for the purpose of feasibility to conduct the 

experiment. In particular, the financial statement needed to be shortened for technical and 

procedural reasons. Technically, a financial statement with larger Figures would have increased 

the noise in the eye-tracking data and reduced the precision of the results drawn on this kind of 

dataset. Despite these simplifications, we ensured a high level of external validity in our 

experiment. 

In summary, collecting eye-tracking data in addition to decision data represents a fruitful 

avenue for future research on accounting treatment changes. We find that data from eye 

movements mostly confirm the information-processing phases and resulting judgments on firm 

performance. However, some differences between the eye-tracking and decision data in 

information acquisition and weighting were also identified, which should be further examined 

in future studies to gain deeper insights into the relationship between intuitive and deliberate 

actions in individuals’ decision-making processes. 
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VII. APPENDIX A: SCREENSHOTS 

 

Welcome screen. 

 

General instructions 
and procedure of the 
experiment. Information 
about the payment and 
the incentive scheme is 
given. 

 

The procedure of the 
calibration and 
important rules 
concerning the eye-
tracking are explained. 
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Information about the 
re-calibration is given. 
The re-calibration was 
done to get more precise 
data from the eye-
trackers.  

 

Explanation for the 
quality validation 
screen. 

 

Quality validation 
screen. This screen was 
used to compute the 
average precision error 
for each individual 
subject in the beginning 
of the experiment.  
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General information 
about the financial 
statement and the 
accounting rules.  

 

General information 
about the financial 
statement. 

 

Income statement of 
Company XY. 
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Balance sheet of 
Company XY in the REC 
treatment. Lease 
liabilities and the right-
of-use asset are 
recognized in the 
balance sheet according 
to IFRS 16.  

 

Balance sheet of 
Company XY in the 
DISC treatment. Lease 
liabilities and the right-
of-use asset are not 
recognized in the 
balance sheet, but in the 
notes.  

 

Cash Flow Statement of 
Company XY.  
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Notes of Company XY in 
the REC treatment. 
Lease liabilities and the 
leased asset are 
recognized in the 
balance sheet. 

 

Notes of Company XY in 
the REC treatment. 
Lease liabilities and the 
leased asset are 
disclosed in the notes. 

 

Questions on the overall 
evaluation on the 
financial position of 
Company XY.  
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Questions on the 
weighting of different 
information contained 
in the financial 
statement of Company 
XY.  

 

Control questions.  

 

Questions on the 
interpretation of key 
metrics of Company XY.  
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Control questions. 

 

Explanation for the 
quality validation 
screen. 

 

Quality validation 
screen. This screen was 
used to compute the 
average precision error 
for each individual 
subject at the end of the 
experiment. 
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Lottery task for 
assessment of risk 
preferences.  

 

Questionnaire for 
demographic and 
professional data.  

 

Questionnaire for eye 
and visual aid specific 
issues. 
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Goodbye screen. 

 

End screen with 
information on the 
money earned from the 
lottery task and the 
number of lottery tickets 
received from correctly 
answered questions.  
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VIII. APPENDIX B: TABLES AND FIGURES 
Subject Mean precision error 

1 19.44 
2 70.00 
4 4.85 
5 48.87 
6 20.06 
7 92.01 
8 31.92 
9 25.02 

10 28.97 
11 81.39 
12 12.93 
13 11.22 
14 14.85 
15 7.91 
16 13.35 
17 8.48 
18 21.89 
19 8.77 
20 29.19 
21 71.58 
22 16.71 
23 22.42 
24 / 
25 18.88 
26 43.95 
27 38.41 
28 56.55 
29 28.77 
30 10.82 
31 45.03 
32 80.99 
33 17.08 
34 46.78 
35 8.00 
36 60.94 
37 23.16 
38 18.47 
39 23.05 
40 43.86 
41 36.46 
42 17.37 
43 19.84 
44 15.33 

  

Table 6: Mean precision errors of all 
participants. Subject 24 did not understand 
the task. Therefore, we were not able to 
calculate a measure for this specific 
subject.  
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Table 7: Means, medians, standard deviations, and t-tests [Wilcoxon rank sum tests for equal medians] 
for equal medians for participants choice for the questions: “Which value would you use in t = 1 for long 
term debt?” (in thousands of EUR)”; “Which value would you use in t = 1 for equity?” (in thousands of 
EUR)”; “How would you – roughly – judge the leverage resulting in t = 1?” (sliding scale ranging from 
“leverage is extremely bad” to “leverage is extremely good”); “Which value would you use in t = 1 for 
assets?” (in thousands of EUR)”; “Which value would you use in t = 1 for total debt?” (in thousands of 
EUR)”; “How would you – roughly – judge the debt ratio resulting in t = 1?” (sliding scale ranging from 
“debt ratio is extremely bad” to “debt ratio is extremely good”). Only data from participants acquiring 
the relevant information is used. 
 
 value for long term debt value for equity leverage 

REC DISC REC DISC REC DISC 
mean 61622.58 38611.25 49117.53 46265.5 0.128 0.2625 
median 78781 25859.5 46304 46304 0.02 0.28 
SD 26215.83 24776.85 12559.95 107.29 0.471 0.397 
 p = 0.0446 

[p = 0.118] 
p = 0.5312 
[p = 0.508] 

p = 0.4877 
[p = 0.333] 

 
 value for assets value for total debt debt ratio 

REC DISC REC DISC REC DISC 
mean 84739.47 54585.92 81499.82 37124.23 0.207 0.192 
median 83100 62443 91000 33739 0.1 0.28 
SD 4639203.35 279387.36 25633.52 16553.22 0.399 0.454 
 p = 0.0261 

[p = 0.713] 
p = 0.0000 
[p = 0.000] 

p = 0.9254 
[p = 0.713] 
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Figure 21: Box plots for participants’ choice for the questions: “Which value would you use in t=1 for long 
term debt?” (in thousands of EUR)”; “Which value would you use in t=1 for equity?” (in thousands of 
EUR)”; “How would you – roughly – judge the leverage resulting in t=1?” (sliding scale ranging from 
“leverage is extremely bad” to “leverage is extremely good”); “Which value would you use in t=1 for 
assets?” (in thousands of EUR)”; “Which value would you use in t=1 for total debt?” (in thousands of 
EUR)”; “How would you – roughly – judge the debt ratio resulting in t=1?” (sliding scale ranging from 
“debt ratio is extremely bad” to “debt ratio is extremely good”). Only data from participants acquiring 
the relevant information is used. 
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Data Collection During Information Search 

Processes 

I. INTRODUCTION 

The use of process data to investigate decision-making has become increasingly popular 

in psychology and economics.32 The methods used to collect process data range from thinking 

aloud protocols to functional magnetic resonance imaging (fMRI). In judgement and decision 

experiments, eye tracking and mouse tracing are most frequently used to collect data on an 

individual’s information search. These methods can collect more fine-grained data than verbal 

protocols but require much less technical knowledge and financial resources than clinical 

studies that use fMRI.  

However, there are also problems inherent to eye tracking: eye-tracking devices have 

become cheaper, but they are still expensive. The magnitude of data causes issues in the 

analysis. While the experimenter can control certain factors that affect the quality of data, some 

characteristics of the participants’ eyes are exogenous. Eye tracking requires attention regarding 

outside influences and is sensible to even small variations in the experimental setup (see 

Holmqvist et al., 2011). Chin rests can improve data quality but might have unintended 

behavioral consequences. Moreover, eye trackers are often integrated in stationary laboratories; 

this condition impedes the running of experiments with professionals.  

Alternative methods are Mouselab (Johnson et al., 1989), MouselabWeb (Willemsen and 

Johnson, 2014), and Flashlight (Schulte-Mecklenbeck et al., 2011). These methods occlude 

information but allow participants to unveil specific cues by placing the cursor on the respective 

area on the screen. Whereas Mouselab and MouselabWeb occlude the respective areas of 

interest with grey boxes, Flashlight blurs the screen so that only a small area around the cursor 

is visible. These methods are freely available and do not require additional hardware for the 

computer. Therefore, the installation of these programs in existing laboratories does not cause 

additional costs. MouselabWeb and Flashlight can be used in online experiments, which is an 

                                                 
32  Sickmann and Le (2016) summarize the results of 40 eye-tracking and mouse-tracing studies. More than 40 

percent of these studies were published in the two years preceding the publication of this paper, which indicates 
the substantial increase in the frequency of studies that collect process data. 
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advantage when approaching professionals. Further, participants with visual aids or a 

distinctive cornea do not impair the data. These advantages raise the question of why 

experimenters should use eye trackers.  

Our experiment has three conditions: Unobtrusive open eye tracking is a condition with 

freely visible information, mouse tracing is a condition with occluded information where 

participants need to put their cursor on the respective area to unveil the cue, and a hybrid 

condition has occluded information where participants can acquire information by viewing the 

respective area. By comparing the process data from these three methods, we analyze the effects 

of occlusion and the coordination of hand-eye movement. We find that the alternative methods 

do not affect participants’ final decisions but alter the search process. The reasoning is that the 

occlusion of information increases participants’ awareness in an information search, and the 

need for the cursor generates additional cognitive effort because participants need to coordinate 

the cursor with their view. This coordination promotes a more systematic information search. 

However, the methods involving occlusion or requiring hand-eye-coordination are not suitable 

for experiments on a search’s direction.  

II. LITERATURE 

For a choice between two gambles and an probabilistic inferential task, Lohse and 

Johnson (1996) show that with Mouselab, the “strategies tend to be more rigorous and 

systematic than those observed with eye-tracking”, but that participants less frequently make 

the optimal choice. They conclude that the increased effort needed to gather information with 

Mouselab changes the information search strategy. Glöckner and Betsch (2008b) argue that 

participants who face gambles use heuristics when eye trackers record their actions but apply a 

compensatory strategy (i.e., assign each attribute relative weights and compute an overall score 

for each option) in a Mouselab condition that induces a limitation in information search. 

However, except for a search direction index, Glöckner and Betsch (2008b) do not report 

process measures. Franco-Watkins and Johnson (2011a, 2011b) introduce the decision moving 

window paradigm that combines information occlusion with contingent information display by 

view. They find that both occlusion and the cost associated with using the cursor have separable 

effects on information acquisition. We use a hybrid method similar to that paradigm to 

disentangle the effects from occlusion and hand-eye coordination.   

The studies mentioned above mainly infer the decision strategy from its outcome or rely 

on basic eye-tracking measures. We contribute to the literature by additionally investigating the 
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relative importance of different pieces of information collected under open eye tracking, mouse 

tracing, and a condition similar to the decision moving window. In contrast to the preceding 

studies, we incentivize the decisions in our experiment to provide the most reliable data on the 

information search process in a probabilistic inference task.  

III. HYPOTHESES 

Mouselab differs from eye tracking in two main aspects: First, moving the cursor requires 

more physical effort to acquire information and leads to additional cognitive load because 

participants need to coordinate their hand-eye movement (Lohse and Johnson, 1996). This 

“procedure […] hampers the possibility to make quick comparisons between multiple pieces of 

information” (Glöckner and Betsch, 2008b, p. 4). Second, as occlusion hinders information 

aggregation via peripheral vision, participants uncover the available cells selectively and 

systematically. Thus, Glöckner and Betsch (2008b) argue that “Mouselab […] induces a 

deliberate rule-based integration of information”. Consequently, the methods might cause 

diverging search strategies.  

We designed our experiment to separate the effects of moving the cursor from those of 

information occlusion. We implemented three conditions with different methods used to trace 

participants’ information accumulation: eye tracking (ET), Mouselab (ML), and a hybrid 

method (H). In the ET condition, participants could easily acquire the information visible on 

the screen, whereas in the ML condition, they had to move the cursor to uncover occluded 

information cells. In the H condition, participants could open the occluded cells by viewing the 

respective position on the screen. 

Since occlusion induces a more goal-oriented information search, the systematicity of the 

traces of eye movements in space over time (the scan path) should be higher in the ML and H 

conditions than in the ET condition. As the mandatory cursor usage further increases the 

systematicity, we predict the scan path in the ML condition to be more structured than in the H 

condition.  

H1: The systematicity of the scan path is the highest in the ML condition, lower 

in the H condition, and the lowest in the ET condition. 

Participants search for cues more deliberately if occlusion hinders information 

accumulation via peripheral vision. Compared to an open information set where participants 

consciously and unconsciously gaze at pieces of information, occlusion should thus decrease 
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the total number of cells acquired. If participants additionally have to move the cursor to unveil 

occluded information, then the number of cell openings should be even lower than in a setting 

where the view is sufficient to collect information. 

H2: The total number of information cells viewed or opened is the lowest in 

the ML condition, higher in the H condition, and the highest in the ET 

condition. 

With an open information set, participants will view a larger number of cells, including 

relatively unimportant information. If the search strategy is more conscious under occlusion, 

then it should result in less frequently collected information that is less useful for a correct 

decision. The mandatory cursor usage should reinforce this effect.  

Our task allows correct and incorrect decisions. We incentivized our participants to reach 

decisions as correct as possible, holding incentives constant across our conditions. Since the 

cost of acquiring additional information was nonmonetary and negligible, compared to the 

payoff for giving the correct answer, we predict that participants will collect enough cues to 

make a meaningful decision.   

H3: The predictive power of the total number of information cells viewed or 

opened is identical across the ML, H, and ET conditions. 

We expect an analogous pattern for the percentage of different cells viewed or opened, 

relative to all cells available (the acquisition rates), and the predictive power of the percentages 

of information acquired.  

H4: The acquisition rate is the lowest in the ML condition, higher in the H 

condition, and the highest in the ET condition. 

H5: The predictive power of the percentage of acquired information is 

identical across the ML, H, and ET conditions. 

If the search strategy is more conscious under occlusion, then it should reduce the 

necessity of reacquiring information. Moreover, if participants need to reacquire information, 

the reacquired cell should be relatively more important in the ML and H conditions than in the 

ET condition, where participants intuitively integrate repeatedly more uninformative cells into 

their decisions. Because of the additional costs that result from moving the cursor, the 

reacquisition rate should be even lower in the ML condition than in the ET and H conditions. 

Moreover, the reacquired information should be relatively more important, since the gain of 

acquiring additional information needs to outweigh the corresponding costs.  
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H6: The reacquisition rate is the lowest in the ML condition, higher in the H 

condition, and the highest in the ET condition. 

H7: T The predictive power of the percentage of reacquired information is 

identical across the ML, H, and ET conditions. 

The participants who accumulate information in a more goal-oriented manner will 

stepwise examine and integrate additional information. Since integrating new information 

needs additional working memory capacity, the average length of assessing information will be 

higher for more conscious decisions (Pomplun et al., 1996; Rayner, 1998; Velichkovsky, 1999; 

Velichkovsky et al., 2002; Horstmann et al., 2009). In contrast, short fixations indicate an 

intuitive information search and “less controlled, fast information integration” (Horstmann et 

al., 2009, p. 5).  

H8: The average fixation duration is higher in the H condition than in the ET 

condition. 

Since we cannot separate the time spent using the cursor from the time spent acquiring 

information, we do not compare the fixation duration in the ML condition with those in the 

remaining conditions.  

In our task, the participants needed to compare two options across their attributes. The 

application of an option-wise search direction thus seems to be the natural behavior. We 

presented the options in columns and their attributes in rows. In our experiment, the distance to 

the next cell was smaller between the attributes of the same option than between the same 

attribute for different options. We thus predict that the cursor usage changes the option-wise 

into an attribute-wise search direction because participants minimize the cursor’s movement, 

whereas occlusion should not influence the search direction. 

H9: In the ET and H conditions, participants apply an option-wise search 

direction; whereas in the ML condition, they apply an attribute-wise 

search direction. 

Although we predict our methods to affect the information search process, we do not 

expect differences in the participants’ performance since we incentivized the decisions.  

H10: The participants’ performance in the task does not differ among the 

conditions ET, ML, and H. 
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IV. EXPERIMENTAL DESIGN 

We used the city size task (e.g., Gigerenzer and Goldstein, 1996) for our computerized 

experiment. Based on six attributes, participants had to decide via keyboard input whether “City 

Y” or “City M” had more inhabitants.33 The randomly determined order of the randomly built 

pairs of cities was constant across our conditions. We arranged information in a table: the 

column in the middle of the screen contained the attributes’ labels, and the left (right) column 

showed the attributes’ values for City Y (City M). We refrained from translating the values into 

“+” or “-” (Gigerenzer and Goldstein, 1996; Glöckner and Betsch, 2008a; Franco-Watkins and 

Johnson, 2011b; Glöckner and Betsch, 2012), since simplified cues could facilitate the 

information acquisition via peripheral vision.  

The cities’ attributes have different explanatory power for the number of inhabitants: the 

average age of inhabitants in years ( 0.212ρ = ), the number of public universities ( 0.602ρ = ), 

the number of letters on the license plate ( 0.452ρ = − ), the percentage of males in the 

population ( 0.031ρ = − ), the unemployment rate in percent ( 0.227ρ = ), and the size in square 

kilometers ( 0.737ρ = ). We did not explicitly inform participants about these correlations. The 

participants could infer the attributes’ predictive power from feedback on the correctness of 

their decisions that they received after each of the 20 practice rounds (which were not payoff-

relevant). After the practice rounds, 20 payoff-relevant rounds without any feedback started. 

Participants received 1 € per correct decision (1 € ~ 1.15 USD at the time of our experiment). 

After having completed a short questionnaire on basic demographic data, participants 

anonymously received their payments in cash. In addition to a show-up fee of 5 €, participants 

earned, on average, 15.01 €, 15.03 €, and 14.97 € in the ET, ML, and H conditions. 

During the 20 payoff-relevant rounds, the ET condition had an open information 

environment, whereas grey boxes occluded the informational cues in the ML and H conditions. 

Whenever participants in the ML condition placed their cursor on one of these boxes, the box 

disappeared; it reappeared when the cursor left the area of the box (see Figure 22 in the 

Appendix). The H condition was similar to the decision moving window concept (Franco-

Watkins and Johnson, 2011b, 2011a). Participants could use their eyes to uncover the hidden 

areas on the screen. For the ET and H conditions, we used tobii EyeX trackers (recording with 

60 Hertz) mounted to the screens and 5-point calibration screens.  

                                                 
33  We chose 79 big cities that actually exist in our country but did not reveal the names of these cities to prevent 

previous knowledge from biasing participants’ decision processes and choices. 



 V. Results 

 

116 
 

We conducted the experiment during July 2017 in the laboratory of our university. We 

recruited our participants via ORSEE (Greiner, 2015) and programmed the experiment by using 

ztree (Fischbacher, 2007). We randomly allocated the participants to one of the conditions ET, 

ML, or H. In total, 92 students participated in our experiment (30 in the ET, 33 in the ML, and 

29 in the H condition). On average, participants were 21.27 years old; 40.22% were male. 

V. RESULTS 

Table 8 summarizes the averages across the 20 payoff-relevant rounds of the metrics we 

used to test our hypotheses and indicates whether the differences between the conditions are 

significant.  

Table 8: Comparisons of process tracing methods.  

 ML H ET 

Entropy 7.014ab 

(0.62) 
7.068ac 

(1.08) 
7.076bc 

(0.68) 

Total acquisition  17.49b 

(11.20) 
19.72c 

(17.14) 
24.25bc 

(18.47) 
Total acquisition, weighted 
with predictive power 

8.33 
(6.81) 

8.89 
(7.32) 

9.39 
(8.76) 

Acquisition Rate 0.761a 

(0.25) 
0.696ac 

(0.23) 
0.779c 

(0.24) 
Acquisition rate, weighted with 
predictive power 

0.252 
(0.05) 

0.251 
(0.05) 

0.251 
(0.06) 

Reacquisition rate  0.372ab 

(0.24) 
0.452a 

(0.24) 
0.419b 

(0.20) 
Reacquisition rate, weighted 
with predictive power 

0.310 
(0.07) 

0.306 
(0.07) 

0.310 
(0.08) 

Duration of acquisition 0.924ab 

(0.89) 
0.635ac 

(0.50) 
0.461bc 

(0.48) 

Search direction index (SDI) - 0.099ab 

(0.38) 
0.01a 

(0.38) 
0.026b 

(0.27) 

Performance 15.03 
(1.45)  

14.97  
(1.18) 

15.01  
(1.63) 

Note: This table shows the averages of our process measures across all participants within a condition, 
per round, and with the standard deviations in parentheses. The indices a, b, and c indicate that the 
difference between the conditions ML and H, ML and ET, and H and ET, respectively, are significant at 
the 5% level when using the Wilcoxon rank-sum tests for the equality of medians (Wilcoxon et al., 1970). 
The Entropy measures the disorder in the scan paths. The total acquisition is the number of cues viewed 
or opened. The acquisition rate gives the proportion of cues viewed or opened. The reacquisition rate 
indicates the proportion of cues viewed or opened at least twice. The duration of acquisition measures 
the time in seconds a cue viewed or opened. The search direction index denotes whether information was 
predominantly searched attribute-wise (negative) or option-wise (positive). The performance gives the 
number of correct decisions. Whenever we weight a measure with the predictive power, we multiply the 
acquired cells with the correlation of the respective attribute with the city size. ML, H, and ET denote 
the treatment conditions. 
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Shic et al. (2008) were the first to apply the concept of entropy (Shannon, 1948), which 

allows the translation of “complex gaze trajectories into elementary statistics [and helps to 

decide] on the randomness or stereotypical nature of scanning patterns” in order to analyze eye-

tracking data. Similarly, Jordan and Slater (2009) used the concept of scan path entropy to 

analyze a virtual environment. If search processes result from deliberate behavior and 

participants integrate information systematically, the entropy in the scan path is smaller than 

for intuitive approaches that follow more “explorative” patterns. We compute entropy E of 

transition ratios as follows:  

2( ) ( ) log ( )
i

i i
r R

E R p r p r
∈

= −∑ ,  (9) 

where R is the set of transitions ir  between the cues, and ( )ip r  is the ratio (probability) 

of taking a specific transition ir . According to H1, E(R) should decrease from the ET to the H 

condition to the ML condition. The entropy values are ( ) 7.014MLE R = , ( ) 7.068HE R = , and 

( ) 7.076ETE R = ; all differences are significant. The findings that the occlusion of information 

leads to more systematicity in the information search and the necessity of using the cursor 

further increases the systematicity support H1. 

H2 predicts that the total number of information cells viewed or opened increases from 

the ML to the H to the ET condition. We observe significantly more total acquisitions of cells 

per round in the ET (mean: 24.25) than in the remaining conditions ( 0.000=cp  and 0.002=bp

). In line with H2, the H condition leads to more cell openings per round (mean: 19.72) than the 

ML condition (mean: 17.49), but the difference is not statistically significant ( 0.391=ap ). The 

finding that the average number of cell openings is significantly lower in both conditions with 

occluded information than in the ET condition partly supports H2. Our results for the hybrid 

condition are in contrast to those of Franco-Watkins and Johnson (2011a, 2011b). 

H3 states that the predictive power of the acquired information is identical across the 

conditions. Weighting the number of cells viewed or opened with their predictive power results 

in values of 8.33, 8.89, and 9.39 for the ML, H, and ET conditions respectively. The fact that 

the differences are not significant at the 5% level supports H3 ( 0.075=ap , 0.178=bp , 

0.762=cp ).  

The acquisition rate is the percentage of cells opened or viewed at least once. According 

to H4, occlusion and the usage of the cursor reduce the number of cues acquired. In line with 
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H4, we observe a significantly lower average acquisition rate for the H condition (mean: 0.696) 

than for the ET condition (mean: 0.779; 0.000=cp ), but also a significantly lower average 

acquisition rate for the H than for the ML condition (mean: 0.761; 0.000=ap ). In contrast to 

H4, the average acquisition rates do not differ significantly between the ET and ML conditions 

( 0.519=bp ).34 Franco-Watkins and Johnson (2011a, 2011b) and Lohse and Johnson (1996), 

in contrast, find a relatively higher acquisition rate for the conditions with occlusion. 

H5 states that the predictive power of the percentage of information acquired is identical 

across conditions. Weighting the acquired cells with their predictive power leads to values of 

0.252 (ML), 0.251 (H), and 0.251 (ET). In line with H5, these values are not significantly 

different at the 5% level ( 0.051ap = , 0.479bp = , 0.244cp = ).  

The reacquisition rate indicates the percentage of cells opened or viewed at least twice. 

H6 predicts that the reacquisition rate increases from the ML to the H to the ET condition. Our 

results indicate that both conditions that use the view lead to comparably high reacquisition 

rates (means: 0.452 (H) and 0.419 (ET); 0.125=cp ). In the ML condition, the reacquisition rate 

is significantly lower (mean: 0.372) than in the ET ( 0.024=bp ) and the H condition (

0.001=ap ). Our results, which are identical to those of Franco-Watkins and Johnson (2011a, 

2011b) and Lohse and Johnson (1996), partly confirm H6. 

Again, the differences in the medians of the reacquisition rates weighted with the 

predictive power of the cells opened or viewed are not significantly different ( 0.126ap = ,

0.821bp = , 0.124cp = ). This finding supports H7.  

Moving the cursor is more time consuming than viewing different areas on the screen. 

Thus, the average time needed to access a cell is significantly longer (average: 0.924 sec) in the 

ML than in the H (average: 0.635 sec) and ET (average: 0.461 sec) conditions. For technical 

reasons, H8 does not make a prediction for the ML condition. However, in line with H8, we 

observe significantly longer average fixation durations in the H than in the ET condition (

0.000=cp ). Our results are identical to those of Franco-Watkins and Johnson (2011a, 2011b).  

Following Payne (1976), we computed the search direction index:  

                                                 
34  The finding that the difference between the ET and the ML conditions is not significant could be explained 

with the argument that participants who acquired information attribute-wise and moved the cursor from one 
cue to the second-next cue within one option, uncovered the cues between those actually of interest. Thus, 
occlusion (the necessity of using the cursor) might have decreased (increased) the acquisition rate. 
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Inter IntraSDI
Inter Intra

−
=

+
,  (10) 

where Inter (Intra) is the number of transitions between (within) options. The SDI takes 

positive values if participants predominantly compare attributes between the options (Inter), 

and negative values if they predominantly scan the information within one option (Intra). In 

our experiment, scanning the information attribute-wise minimizes the total distance covered 

(i.e., the effort to move the cursor). In line with this argument, participants predominantly 

searched option-wise when information acquisition was done with the eye ( 0.026=ETSDI  and 

0.01=HSDI ; 0.702=cp ), while using the cursor leads to a significantly different direction for 

the information search ( 0.099= −MLSDI ; 0.001=bp ; 0.015=ap ). These results support H9. 

Franco-Watkins and Johnson (2011a), in contrast, find an attribute-wise strategy for all 

methods.  

In line with H10, the participants’ performance is identical for our methods. The mean 

number of correct decisions is 15.03, 14.97, and 15.01 for the ML, H, and ET conditions 

respectively ( 0.536ap = , 0.652bp = , 0.923cp = ). 

VI. CONCLUSION 

Our results indicate that the method used to obtain process data significantly influences 

the most commonly used process measures and changes the choice of information. If 

unobtrusive eye-tracking is regarded as the method that does not influence decision 

accumulation, the occlusion of information by implementing the decision moving window 

significantly increases the systematicity in the information search and decreases the total 

number of acquired cells, the acquisition rate, and the duration of acquisition. The mandatory 

cursor usage (Mouselab) adds physical effort to the information accumulation process and 

increases (cognitive) effort, which further increases the systematicity in the information search, 

additionally decreases the acquisition and reacquisition rates, and (also technically) increases 

the duration of the information search. Interestingly, participants shift from an option-wise to 

an attribute-wise search strategy. However, the methods used do not affect the participants’ 

performance in the decision task or the predictive power of the accumulated information. 

For the ML and ET conditions, our results coincide with the predictions by Lohse and 

Johnson (1996) and Glöckner and Betsch (2008b) for the acquisition and reacquisition rates, 

the duration of information acquisition, and the search direction index. Lohse and Johnson 
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(1996) find the same switch in the direction of the information search between the ML and ET 

condition, even though they used a matrix representation that was orthogonal to ours. This result 

means that the option-wise comparison in the ET condition and the attribute-wise comparison 

in the ML condition are not caused by the orientation of the attribute/option labels, but by the 

content of the information presented. In contrast, our results for the acquisition rate and the SDI 

differ from those by Franco-Watkins and Johnson (2011a). Franco-Watkins and Johnson 

(2011b) find evidence for the assertion that “information occlusion increases […] the tendency 

to examine all information at least once”, while we observe that occlusion causes a more 

deliberate choice of information (i.e., a lower acquisition rate). The fact that their study does 

not contain practice periods where participants could get familiar with the information 

presented could explain their findings. We additionally show that the methods we investigate 

do not influence the overall level of predictive power of the information accessed, which the 

participants seem to regard as sufficient for making a decision, but on the choice of information. 

This result indicates that the participants more efficiently accumulated and processed data when 

exposed to obtrusive tracing methods. Increased entropy measures support the increased 

systematicity in the information search.  

To sum up, Mouselab and the decision moving window paradigm seem to be useful tools 

to measure attentional search processes (Franco-Watkins and Johnson, 2011a, 2011b). These 

methods could probably be used in experimental designs that intentionally induce controlled 

processes. However, researchers have to be aware that Mouselab and the decision moving 

window paradigm seem not to be suited to trace spontaneous, uncontrolled processes; in these 

cases, the search process should be unobtrusively recorded with eye trackers. The alternatives 

to eye tracking also seem not to be useful if the search direction is (part of) the research question. 
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VII. APPENDIX 

 
 

 

Figure 22: This figure shows the screenshots of two exemplary trials. On the top, the information is not 
occluded (this setting was relevant for all practice periods of all three conditions and for the payoff-
relevant rounds of the eye-tracking condition). The bottom shows a screen for the payoff-relevant 
rounds of the hybrid and the mouse-tracing condition. In the mouse-tracing condition, the cursor was 
also visible. As an example, the eye gaze (hybrid condition) or the cursor (mouse-tracing condition) is 
positioned at the top right cue.   
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Abgrenzung 

Der erste Artikel „The Effects of Mandatory Audit Firm Rotation and Joint Audits on 

Audit Quality and Market Structure: Experimental Evidence” entstammt einer Zusammenarbeit 

mit Ulrike Stefani. Dabei wurde das experimentelle Design gemeinsam entworfen. Die 

Instruktionen wurden von mir geschrieben und das Experiment wurde von mir programmiert 

und durchgeführt; alles in enger Absprache mit Ulrike Stefani. Die Datenanalyse wurde von 

mir durchgeführt und regelmäßig mit Ulrike Stefani besprochen. Der Erstentwurf des Artikels 

wurde von mir geschrieben und alle weiteren Überarbeitungen wurden in Zusammenarbeit mit 

Ulrike Stefani vorgenommen.  

Für die folgenden Projekte der Dissertation wurden Eye-Tracker zur Durchführung 

verwendet. Im Rahmen meiner Promotion habe ich eine Sondervereinbarung mit der 

herstellenden Firma (tobii) in die Wege geleitet. Weiter habe ich die Eye-Tracker programmiert 

um die Nutzung in einem wissenschaftlichen Kontext zu ermöglichen. Neben der eigentlichen 

Programmierung habe ich auch Skripte entworfen, die die Datenauswertung der durch die Eye-

Tracker gewonnen Daten ermöglicht und automatisiert. Neben den zwei in meiner Dissertation 

enthaltenen Projekte, entstanden mit diesen Eye-Trackern weitere Kollaborationen mit anderen 

Wissenschaftlern, die nicht in meiner Dissertation enthalten sind. Im Rahmen der 

Lizenzvereinbarungen mit der herstellenden Firma habe ich es weiteren Wissenschaftlern 

ermöglicht die Eye-Tracking Technologie für Forschungsprojekte zu nutzen. 

Der zweite Artikel „The new Leases Standard, Information Processing, and Evaluation: 

Experimental Evidence from an Eye-Tracking Study“ ist in Kollaboration mit Ulrike Stefani 

und Maik Lachmann entstanden. Die ursprüngliche Idee des Forschungsprojekts stammt von 

Ulrike Stefani. Das grundlegende Design wurde gemeinsam von allen drei Autoren entwickelt. 

Die Programmierung des Experiments habe ich vorgenommen. Die Datenerhebung auf zwei 

akademischen Konferenzen wurde von Ulrike Stefani und mir durchgeführt. Die Auswertung 

der Daten, sowie das Verfassen des ersten Entwurfs des Artikels habe ich vorgenommen. Der 

überarbeitete Artikel in der hier abgedruckten Form wurde im gemeinsamen Austausch aller 

drei Autoren angefertigt.  

Der dritte Artikel „Data Collection in Information Search Processes“ entstand in 

Zusammenarbeit mit Ulrike Stefani. Das Experimentdesign wurde gemeinsam diskutiert und 

entworfen. Die Programmierung und  Durchführung wurde von mir geleistet. Auch habe ich 
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die Daten ausgewertet und einen Erstentwurf des Papiers verfasst. Der Artikel in der hier 

abgedruckten Variante wurde gemeinsam weiter überarbeitet.  
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