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ABSTRACT
Performance information is often presented in a ranked format. Rankings aggregate 
a multitude of performance dimensions into an overall score. Simultaneously, rankings 
may constrain cognitive processing of performance information because they distract 
users’ attention away from the information underlying the ranking calculation. We test 
this adverse effect using university performance rankings in an eye-tracking experi
ment based on 1,071 decisions from 153 student-participants. Results show that 
performance rankings reduce cognitive processing of the underlying performance 
information, demonstrating the existence of a substitution effect. This study contri
butes to theorizing about and testing the effectiveness of performance management 
practices in public management.
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Introduction

Rankings have become a very popular method of presenting performance information 
on public services for accountability purposes and for supporting decision-making 
(Fowles, George Frederickson, and Koppell 2016; Meijer 2007; Van de Walle and 
Roberts 2008; Van de Walle and van Delft 2015). Rankings ‘measure current or past 
performance of comparable service units against one another’ (Hood 2007, 95). They 
exist when there is a ‘large N’ of units doing similar things in a decentralized way. 
Examples include hospital rankings, league tables for universities, or school rankings 
(see e.g. Dill and Soo 2005; Horta 2009).

On the one hand, rankings benefit information users by aggregating a multitude 
of performance dimensions into an overall score and enabling benchmarking 
between relevant entities, with a view of improving public service performance 
(Gerrish 2016). By their very nature, rankings are composites, and thus reductionist 
(Bevan and Hood 2006). Accordingly, a one-dimensional summary measure (Pidd  
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2005, 483) reduces multiple performance dimensions into a single one, which aids 
the presentation and interpretation of performance information. Ranked perfor
mance information allows users to find order and maintain a sense of control in an 
environment characterized by an exponentially growing information supply (Bevan 
and Hood 2006; Van de Walle and Roberts 2008). Therefore, rankings offer 
a simplified depiction of reality which is particularly useful in terms of complex 
information and/or the high number of evaluated entities. Taken together, rankings 
provide information users with a simplified, general evaluation, which should make 
performance evaluations easier.

On the other hand, due to their aggregative nature, rankings may obscure the 
underlying performance information that constitute them. Users as a result may ignore 
this underlying performance information and focus solely on the overall relative 
position of public organizations on the ranking instead. As the public sector, in 
contrast to the private sector, lacks clear performance measures and is affected by 
goal ambiguity (Rainey 2009), a summary measure for performance contradicts the 
multidimensional nature of public service performance and the inherent pluralism of 
public values underlying what constitutes ‘good’ or ‘bad’ performance in the public 
sector (Fukumoto and Bozeman 2019). A summary measure may prevent information 
users from reflecting on the complex nature of public service performance, which 
further affects evaluation, learning, or public values assessment (see e.g. Huijbregts, 
George, and Bekkers 2022a). Accordingly, decision-making in the public sector is 
characterized by balancing different public values, which requires making these values 
explicit through measurement. Consequently, ranking public service performance 
might be problematic, and a strong focus on performance rankings might impact 
cognitive processing of information and subsequent decision-making.

Apart from being used by public managers and policymakers, rankings are designed 
to influence the choices users make between public services (Le Grand 2007; Tummers, 
Jilke, and Van de Walle 2014). Whereas policy studies have looked at the effect of 
rankings on users’ choices (Koning and van der Wiel 2013), we know very little about 
how users actually read and use rankings. A recurring question in scholarship on 
performance information use is ‘how [users of public services] make sense of all this 
data’ (Olsen 2017a, 562). In this study, we test whether performance rankings influence 
cognitive processing of the underlying performance information.

Accordingly, we adopted an eye-tracking laboratory experiment, in which we asked 
153 participants – in multiple evaluation decisions – to evaluate universities’ perfor
mance and make a preference decision based upon it. The experiment consisted of 
seven unrelated and randomized trials (n = 1,071 nested decisions). For each trial, we 
experimentally varied the presence of explicit ranking information on universities’ 
performance. Our main dependent variable is the total fixation duration on pieces of 
information, as a close proxy for cognitive processing of information (Bera, Soffer, and 
Parsons 2019; Just and Carpenter 1976). Such measure is highly relevant to answering 
our research question, given various theoretical and empirical insights on how varia
tions in visual attention to pieces of information clarify the extent to which these pieces 
of information are cognitively processed to actually make a decision (Walker et al.  
2020). In this study, we focus on the preference decision to assess public service 
performance. Concretely, we hypothesize and test whether providing (additional) 
ranking information has an impact on which pieces of information receive more or 
less attention in the overall evaluation of public service performance.
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By answering this question, we complement current public administration 
theory and research, especially the field of behavioural public administration 
that focuses on ‘the understanding of how performance information is used by 
citizens and public managers’ (James et al. 2020, 5). More specifically, first, this 
article contributes to the emerging literature studying presentational effects on 
performance information use (see e.g. Baekgaard and Serritzlew 2020; George 
et al. 2020; Jacobsen, Snyder, and Saultz 2014; James and Van Ryzin 2019; 
Piotrowski, Grimmelikhuijsen, and Deat 2019). This literature has largely drawn 
on cognitive bias and social norms as theoretical mechanisms explaining why 
and how users respond to performance information on public services. We 
contribute to this literature by introducing the substitution effect as 
a theoretical mechanism explaining the impact of how performance information 
is presented. An information substitution effect can be defined as the (relative) 
change in attention towards overall ranking information and away from more 
concrete information on which the ranking is based. Studying presentational 
effects such as the substitution effect is particularly relevant because public 
managers do not generally have the autonomy to manipulate concrete content 
of performance information, but can influence whether or not to report per
formance data and in which specific way (see e.g. Christensen and James 2022).

Second, we assume, in line with earlier work on performance information use, 
that different users ‘respond fundamentally differently to performance information’ 
(Baekgaard and Serritzlew 2020, 154). Earlier work has, for instance, shown that 
factors such as cognitive ability (Baekgaard and Serritzlew 2020), whether or not 
one is engaged or unengaged (Piotrowski, Grimmelikhuijsen, and Deat 2019), or 
levels of trust in government (James and Van Ryzin 2017) affect how people read 
and interpret performance information. Against this background, we add in our 
theoretical considerations and experimental design users’ preferred style of cogni
tive processing (Cools and Van den Broeck 2007). In line with earlier eye-tracking 
studies by Mawad et al. (2015) and Koć-Januchta et al. (2017), as well as assump
tions based on cognitive fit theory (Huang et al. 2006), we introduce cognitive 
styles as moderating variables to explain variation in the substitution effect of 
performance rankings between participants. In doing so, we can validate as well 
as elaborate the theoretical interpretation of how performance data is processed in 
relation to personal characteristics.

Third, extant experimental public administration research studying how service users 
or policymakers use performance information tends to use split ballot surveys and 
vignettes (e.g. James and Moseley 2014; Olsen 2017a). While these approaches allow 
for a greater number of subjects to be surveyed, they typically centre around measuring 
behavioural intentions as dependent variables as opposed to actual behaviour. Moreover, 
these approaches often employ fictional scenarios and/or fictional performance informa
tion on public services, resulting in criticism of the realistic nature of the experiment 
(Aguinis and Bradley 2014). Our eye-tracking experiment allows us to measure actual 
human behaviour, namely visual attention – closely related with cognitive processing 
(Bera, Soffer, and Parsons 2019; Just and Carpenter 1976) – of subjects based on eye 
movement and fixation, as opposed to measuring intentions based on replies to surveys. 
We also rely on real performance information on a topic relevant to our experiment 
subjects, i.e. students rate universities. In doing so, we validate and elaborate earlier 
findings with an alternative design, taking external validity into account.
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Theoretical background

Substitution effect of ranking information

Rankings as a one-dimensional summary measure (Pidd 2005) are a popular method 
to present public performance information (e.g. Dill and Soo 2005; Horta 2009). The 
information presentation helps users interpret complex performance information 
from a high number of evaluated entities. The other unities serve as reference points 
and assist service users when interpreting performance information (Olsen 2017a; 
Webeck and Nicholson-Crotty 2020). Consequently, rankings work as decision aids 
and support users in evaluating entities’ performance without studying more detailed 
performance information by themselves.

This, however, means that performance information users might focus on the 
summary measure only without having a detailed look into the performance dimen
sions that matter most to them. Although rankings help users evaluate performance, 
the performance reductionism could also have unintended consequences (Dixon et al.  
2013). Rankings may encourage ignoring the multi-dimensional nature of perfor
mance that is not offered in a ranked format. An extensive focus on rankings rather 
than underlying data may lead to a measure fixation (Smith 1995), whereby the 
ranking position becomes more important than the underlying constituent parts of it.

The (relative) change in attention towards overall ranking information and away 
from more concrete information on which the ranking is based is referred to as 
a substitution effect. Substitution effects have been observed in studies on performance 
information use. For instance, Olsen (2017b) questioned whether hard performance 
numbers could crowd out more episodic, narrative information about public service 
performance. In contrast, Willems, Waldner, and Ronquillo (2019) found that explicit 
information signals such as star ratings do not constitute substitute information but are 
merely consulted as complementary information. Hence, given the theoretical con
siderations and similar effects in other concrete settings, our main hypothesis is that the 
presence of ranking information substitutes for other performance information, and 
rankings thus reduce cognitive processing for that other available information.

Hypothesis 1: Performance rankings reduce cognitive processing of the underlying 
information on which the ranking is based.

In our empirical analysis, we test whether the availability of summarizing and addi
tional ranking information reduces the time participants spend consulting all available 
performance information. However, and starting from this overall hypothesis, we 
elaborate our argumentation by distinguishing between two concrete informational 
elements of performance ranking information: the number and the order element (see 
Figure 1).

First, there is the concrete summarizing information of ranking information, i.e. the 
ranking number. This means that the available information on a single organization or 
service is simultaneously grouped in a single metric and compared with the set of other 
relevant organizations/services. In other words, the concrete ranking number (e.g. ‘1st’ 
and ‘29th’, or ‘First’ and ‘Twenty-ninth’) aggregates the various performance dimen
sions into a single metric and compares them with the pooled performance of the other 
objects of comparison. This information can – according to the logic of our main 
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hypothesis – influence the cognitive processing of the underlying performance 
dimensions.

Second, and on top of the ranking number, ranking information often, but not 
necessarily, also contains an order element, i.e. the ranking order. This means that 
information is visually structured according to the summarizing ranking number. 
Concretely, this means that the best performing object is reported on top of the list, 
and the other objects are reported underneath, based on their ranking number in the 
set of compared objects.

This distinction between the number and order element of ranking information is 
particularly relevant when studying cognitive processing and visual attention. 
Consequently, we elaborate Hypothesis 1 by focusing on the number element 
(Hypothesis 1a) and the order element (Hypothesis 1b). It is important to emphasize 
the asymmetric dependence of Hypothesis 1b on Hypothesis 1a, as ordering objects 
based on ranking number also requires the ranking numbers to be reported.

Hypothesis 1a: The number element of performance rankings reduces cognitive 
processing of the underlying information on which the ranking is based.

Hypothesis 1b: The order element of performance rankings reduces cognitive pro
cessing of the underlying information on which the ranking is based (in addition to the 
number element effect).

Cognitive styles as moderator

Apart from testing the direct effect of performance rankings – both number and 
order – we also identify whether this effect becomes weaker or stronger among specific 
subjects based on their cognitive style. Information users differ in how they prefer to 
process information. Cognitive psychologists label these different preferred ways of 
processing information as one’s cognitive style (Armstrong, Cools, and Sadler-Smith  
2012). Cognitive styles have long been an area of investigation within business and 
management studies (see the review of Armstrong, Cools, and Sadler-Smith 2012), and 
have also been an inherent part of public management studies focused on the adoption 
and acceptance of performance and financial management practices (e.g. George et al.  
2018; Kroll 2014). We build on earlier work on the role of cognitive ability and 

Figure 1. Number and order element of ranking information.
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cognitive biases on the use of performance information (Baekgaard and Serritzlew  
2020), and assume that cognitive styles moderate the substitution effect of performance 
rankings.

Cognitive styles have mostly been used in the context of the adoption of specific 
technology or management tools (Armstrong, Cools, and Sadler-Smith 2012). 
Traditionally, cognitive styles have been operationalized as a unidimensional and 
bipolar construct (i.e. two opposites of the same scale) distinguishing between an 
analytical and an intuitive way of processing information (Hodgkinson and Sadler- 
Smith 2003). Studies then showed that people with a more intuitive way of processing 
information are more likely to adopt new technology or management tools than those 
with an analytical approach (Chakraborty, Jen-Hwa Hu, and Cui 2008; Kroll 2014; Lu, 
Yu, and Lu 2001). Sadler-Smith (2009) expanded this unidimensional and bipolar 
measurement and argued that multidimensional views are necessary to measure 
cognitive styles. The underlying argument is that a person’s cognitive style cannot 
just be measured using two opposites of the same scale, but rather should be con
sidered a multidimensional concept in which each style is measured using a set of 
items. Following these recommendations, we use the three-dimensional Cognitive 
Style Indicator (CoSI) model by Cools and Van den Broeck (2007), which has been 
validated in different contexts and different countries (e.g. Cools, Van den Broeck, and 
Bouckenooghe 2009; George et al. 2018; Knockaert et al. 2015), and distinguishes 
between a creating, knowing and planning cognitive style.

We build on this three-fold distinction to theorize how cognitive processing of 
performance rankings along with other available performance information 
(Hypothesis 1) is related to cognitive styles. Cognitive fit theory (Huang et al. 2006) 
suggests that the impact of data visualization tools – such as performance rankings – is 
contingent upon the extent to which the visualization fits the user’s cognitive style. 
Different cognitive styles result in different preferences regarding visualization and, 
subsequently, in different task performance (Engin and Vetschera 2017). People 
scoring high on the creating style tend to follow their intuition and gut-feeling when 
processing information (Cools and Van den Broeck 2007). In other words, they are 
comfortable when being faced with uncertainty and freedom and tend to favour 
innovation and creativity when making decisions. This also implies that they are less 
inclined to conduct thorough analyses and research before making specific decisions 
but, rather, make fast decisions based on their initial thoughts (Cools, Van den Broeck, 
and Bouckenooghe 2009; Cools, Van Den Broeck, and Evans 2008; George et al. 2018; 
Knockaert et al. 2015). We expect that people who score high on the creating cognitive 
style are more prone to using intuitive heuristics with the aim of making fast decisions, 
and performance rankings fit well with their preferences due to the relatively straight
forward interpretation and visualization of rankings (Engin and Vetschera 2017).

Hypothesis 2: The negative effect of performance rankings on cognitive processing 
of the underlying information is stronger when participants have a creating cognitive 
style.

People scoring high on the planning style tend to favour structure and organization 
(Cools and Van den Broeck 2007). Their approach to processing information relies on 
doing things systematically and as efficiently as possible. They are typically favourable 
towards strong time management and efficient decision-making and are prone to 
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following structure as opposed to content. This also implies that they are sensitive 
towards the way information is presented to them, searching for structure before 
making decisions (Cools, Van den Broeck, and Bouckenooghe 2009; Cools, Van Den 
Broeck, and Evans 2008; George et al. 2018; Knockaert et al. 2015). Because of their 
focus on structure, we expect that people who score high on the planning cognitive 
style are particularly prone to see performance rankings as a heuristic, a structural 
representation that allows them to make fast decisions. Indeed, the ordered and 
structured nature of such a ranking fits well with their own preferences concerning 
data visualization and interpretation (Engin and Vetschera 2017).

Hypothesis 3: The negative effect of performance rankings on cognitive processing 
of the underlying information is stronger when respondents have a planning cognitive 
style.

People scoring high on the knowing style tend to favour analysis and reasoning when 
processing information (Cools and Van den Broeck 2007). They seek to make 
informed decisions by conducting an extensive analysis of facts and figures as well as 
logical and rational arguments. This implies that information processing for people 
with a knowing style is in its very nature more reflective. They might take longer before 
coming to a decision because they favour analysis and reasoning based on data, as 
opposed to intuition or structure (Cools, Van den Broeck, and Bouckenooghe 2009; 
Cools, Van Den Broeck, and Evans 2008; George et al. 2018; Knockaert et al. 2015). We 
expect that people who score high on the knowing cognitive style are less triggered by 
heuristics and the need to make fast decisions due to their reflective and analytical 
nature. Indeed, the simplistic and aggregative nature of performance rankings does not 
fit well with their preference for in-depth analysis, data and understanding (Engin and 
Vetschera 2017).

Hypothesis 4: The negative effect of performance rankings on cognitive processing 
of the underlying information is weaker when respondents have a knowing cognitive 
style.

Methods

Experimental design

We use eye-tracking in a laboratory decision setting, which is a suitable method to 
study cognitive processing (Just and Carpenter 1976). We asked subjects to make 
performance evaluation decisions that are realistic and relevant for them. Eye-tracking 
has hitherto not been used very actively in organization research (Meißner and Oll  
2019) nor in public administration scholarship (for a recent example see Walker et al.  
2020). One notable exception in public administration is the work by Demaj (2017) 
and Demaj and Schedler (2014) on how performance information influences legisla
tors’ budgeting decisions.

The idea behind eye-tracking is that where people look at is what they are cogni
tively processing. When people consult information, their eye movement is rapidly 
changing between all the available information, altered with relatively longer fixations 
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on particular pieces of information (in terms of milliseconds) (Glaholt and Reingold  
2011; Rayner 1998). These fixations can be considered as a cognitive mechanism to 
process that particular information from all information available in the overall 
decision made (Glaholt and Reingold 2011). Quantifying visual fixation on pieces of 
information thus gives an insight in the extent that this information is considered in 
the overall decision of a participant. Hence, eye-tracking tools track the movement of 
subjects’ eyes, and their fixations, as proxy for cognitive processing by the participant 
(Just and Carpenter 1976). Consequently, this study does not investigate the actual 
decision made, but the information focused on to make a decision, which is reporting 
a personal preference. Eye-tracking enables us thus to clarify the underlying cognitive 
processes while a decision is made (Glaholt and Reingold 2011).

We applied a between-subjects design with repeated trials. This means that parti
cipants were given seven information sheets in random order and for each of these 
sheets they were asked to make a decision. For each trial (i.e. an information sheet 
including a decision to make) they were randomly assigned to one of three groups. The 
difference between these three groups relates to Hypotheses 1a and 1b. In Group A, 
information for four performance dimensions was given (columns) for five objects to 
compare (rows: Objects were alphabetically ordered). In Group B, the same informa
tion was given with an extra column that reported rank number of the objects 
(Hypothesis 1a: Ranking numbers explicitly mentioned, but objects still alphabetically 
ordered). In Group C, the same information as in Group B was given (a summarizing 
rank number and four performance dimension columns for five objects), but with the 
objects ordered according to rank (Hypothesis 1b: Ranking numbers explicitly men
tioned, and objects ordered according to this rank). Respondents were asked to choose 
each time their preferred object – with respect to best public service performance – 
based on all the available information. However, this actual decision outcome was not 
the main variable of interest, but the visual attention (fixation) to different pieces of 
information on the information sheets was. Moreover, we also make the critical (self-) 
reflection that our design has thus the concrete comparison of three situations where 
summarizing ranking information is (not) presented in addition to the underlying 
information on which the ranking information is based. Given our design, we do not 
test the additional difference of additional ranking information compared to any other 
additional related or unrelated information. We elaborate on this in our description of 
our complementary analyses. After the seven decisions, participants completed 
a questionnaire with items on cognitive styles and some demographics.

Participants

Students from the University of Hamburg were invited to participate in the laboratory 
experiment and were paid 10 euro for a 45-minute participation. In total, eight 
laboratory sessions were organized with a maximum of 30 participants per session. 
A standardized procedure was followed for each session. Students were informed 
before entering the laboratory that the experiment involved eye-tracking analysis, 
and once each student was assigned by chance to one of 30 experiment cabins, they 
were informed about the purpose of the experiment and the voluntary and anonymous 
nature of their participation. Additionally, all participants completed a consent form. 
Additional information on the sample can be found in the supplementary material.
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Subsequently, the eye-tracking recording (Tobii Pro X2–60 eyetracker; attached 
to a 24-inch computer screen) was calibrated per participant, mainly to improve 
recoding quality. This calibration consisted of an initial basic task where respon
dents were asked to focus on five dots that appear in sequence on different places 
on the screen. With this procedure, which is standard for eye-tracking experiments 
in the laboratory, it can be evaluated, before continuing the recording for the actual 
experiment, whether the eye-tracking is functioning properly. This calibration, 
along with the seven decision trials and the subsequent survey questions, was 
administered with Z-tree (Fischbacher 1999; Fischbacher, Bendrick, and Schmid  
2022).

In total, our analysis is based on 1,071 decisions of 153 participants. The average age 
was 26.17 (median: 25; min: 18; max: 46), and 57% were female. Moreover, 53% were 
bachelor students, 33% were master students, and 14% were enrolled in other pro
grams (certification programs, PhD, etc.). The non-mandatory and open question on 
their study specialization shows a broad variety of backgrounds, including manage
ment, economics, psychology, sociology, law, political science, education sciences, 
engineering and informatics, and cultural and language sciences.

Framing, information sheets, and decision

Given the fact that we relied on students as experiment participants, we applied 
a framing and decision that is relevant in a student context. In other words, we decided 
for a performance evaluation task that relates to a public service in which students are 
an important stakeholder group. As a result, for seven countries (i.e. the seven trials) 
we listed five universities in that country along with performance data on research, 
teaching, funding, and internationalization. We asked them to select the university that 
they would prefer most as a potential collaboration partner of the University of 
Hamburg for exchange programs. Such task is relevant and realistic for the targeted 
population of our experiment. Moreover, the information provided for each country 
and university was real-life performance information from the Shanghai University 
Ranking initiative (ShanghaiRanking Consultancy 2022), per country (i.e. per trial) all 
respondents in all three groups received the exact same performance information. The 
only variation between the groups was the reporting of additional summarizing 
information (ranking number) (Group B compared to Group A), and ordering the 
university according to ranking number, instead of alphabetically (Group C compared 
to Group B).

Two additional design features are important to discuss in relation to the reliability 
and internal validity of our experiment. First, as earlier research with students on how 
they use university performance information found a small bias for one’s own chosen 
university due to motivated reasoning (Christensen, 2018), we asked students from one 
university (University of Hamburg) to choose for seven other countries the university – 
out of a selection of five universities in that country – with which their own university 
should start collaborations for teaching and research. Second, people mainly use 
ranking information, report card metrics, or composite information when they do 
not already have access to or knowledge of other information regarding the topic 
(Kogan, Lavertu, and Peskowitz 2016; Lavertu 2016). Since we can assume that no 
matter what information is presented, our subjects would select Oxford or Cambridge 
in the UK, or Harvard and other Ivy League universities in the US, we have chosen 
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universities in lesser-known countries, precisely because in such a context performance 
information plays an important role: no prior information available, faced with 
a complex reality. For the same reason, in some of the countries in the experiment, 
we did not include some highly ranked universities located in well-known cities.

Variables

Dependent variable
To analyse cognitive processing of information, we used total fixation duration (TFD) 
to sets of areas of interest (AOIs) in the information sheets. A fixation is a narrowly 
focused visual attention on a specific piece of information for a certain amount of time. 
These visual fixations are argued to be closely related to micro-level cognitive proces
sing of that particular piece of information (Orquin and Mueller Loose 2013), and can 
be understood as a way in which people directly consult information while directly 
incorporating it in a broader evaluation of all available information to make a final 
decision. With respect to defining a fixation, we applied the Tobii Studio default 
settings: I-VT filter (velocity threshold of 30 degrees per second), merged adjacent 
fixations of a maximum time between fixations of 75 milliseconds, and maximum 
angle between fixations 0.5 degrees; average eye selection; and a minimum fixation 
duration of 60 milliseconds. Hence, we follow the suggestion of Orquin, Bagger, and 
Mueller Loose (2018) to apply a not too long of a minimum fixation duration to have 
sufficient data quality, which is also appropriate for our specific setting as the perfor
mance data we reported are two- or three-digit numbers, and not lengthy words or 
large numbers. Part A in Figure 2 gives a heat map reporting the accumulated total 
fixation duration for an information sheet for all participants (Example country 
China).

In the information sheets, we have marked areas of interest as depicted in Part B of 
Figure 2. Based on the recommendations of Orquin, Ashby, and Clarke (2016), the 
information sheets were designed to allow significant blank space between each piece 
of information to avoid overlap in fixation distribution and thus reduce the risk of false 
positive fixation registrations. As a result, for each of the AOIs, a total fixation duration 
(in seconds) is derived from the eye-tracking data. The sum of the total fixation 
durations on all AOIs without ranking related information is used as the total cognitive 
processing of underlying performance data. This overall sum included fixation on the 
concrete numbers for research, teaching, third-party funding, and internationalization. 
This sum is relevant for our main hypothesis testing, as we test whether the absence or 
presence of ranking information (number and order) influences cognitive processing 
on the underlying performance dimensions. This is measured in seconds that respon
dents have been focusing on pieces of information. As a result, our figures and tables 
provide values and estimates that report (differences in) cognitive processing time.

Independent variables
For each of the seven countries (trials in random order), respondents were randomly 
allocated to one of three groups. All three groups received the same basic performance 
information (in four columns) about five universities (rows). In Group A, the five 
universities were ordered alphabetically, and no ranking information was given. In 
Group B, the five universities were ordered alphabetically, and the ranking numbers 
were given in an additional column, left from the initial four columns with 
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performance data. In Group C, the ranking information was also given, but the 
universities were ordered consistently with the ranking numbers. In sum, our main 
independent variable is a categorical variable, with categories: ‘Group A: Alphabetic, 

a: Heatmap Information 

b: Areas of Interest 

Figure 2. One out of seven decision sheets presented to participants.
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no ranking information (reference category)’, ‘Group B: Alphabetic, with ranking 
information’, and ‘Group C: Ranked, based on and with ranking information’.

Moderator variables
We measured cognitive styles with the three-dimensional construct of Cools and Van 
den Broeck (2007), and per cognitive style we averaged item scores. Items were 
measured with a 7-point Likert scale with labels ‘strongly disagree’ to ‘strongly 
agree’, and numeric labels were added ranging from ‘−3’ to ‘+3’. Numeric labels 
centred on 0 are consistent with the assumption of a discrete scale variable, and it 
makes interpretation of our regression analyses more straightforward (see next sec
tion). Each dimension has convincing internal consistency: creating (7 items; 
Cronbach’s alpha = 0.81); planning (4 items; Cronbach’s alpha = 0.82); and knowing 
(7 items; Cronbach’s alpha = 0.88).

Results

Main hypotheses

Figure 3 reports, aggregated over all seven decision cases, the mean values and 95% 
confidence intervals of the total fixation duration (TFD) per treatment group. These 
aggregated results show that, from an overall perspective, underlying performance 
information receives significantly less attention when additional ranking information 
is provided.

Table 1 reports three multi-level regression models where total fixation duration 
(TFD) to non-ranking information is each time the dependent variable, and where the 
seven decisions are nested within respondents. Hence, these analyses consider and 
control for multiple decisions made by 153 participants. It also allows to assess the 
extent to which each participant’s cognitive processes are similar across the seven 
decisions made in this experiment. Across all three models, the intra-class correlations 
(ICC) are relatively high as they range between 0.55 and 0.58. This means that 
a substantial proportion of the observed cognitive processing is situated at the parti
cipant level.

In Model 1 only the treatment effects are reported, while in Model 2 the main effect 
between the three types of information sheets is tested, controlled for the data structure 
(random effects for nested data structure) and the seven different decisions (fixed 
effects for the order of the decision and for the country for which the decision was 
made). The intercept is 5.23 (p < 0.001), meaning that for a decision in the reference 
category, i.e. Group A (without ranking information), on average 5.23 seconds of total 
visual fixations occurred to any of the non-ranking information. It must be noted that 
this is the total fixation duration, which is the detailed and focused processing of 
specific performance numbers, and not the overall time a complete information sheet 
was consulted. For Groups B and C, where ranking information was added that 
summarizes the performance data, the fixation duration on the performance data 
was about 20% shorter (the coefficient for Group B = −1.12, p < 0.001; and the coeffi
cient for Group C = −0.98; p < 0.001). These are reductions in cognitive processing of 
the underlying performance information as a result of ranking information of respec
tively 21.41% (1.12/5.23) and 18.74% (0.98/5.23). Consequently, Hypothesis 1a is 
supported, meaning that the additional reporting of ranking number draws away 
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attention of the underlying information. There is no additional effect of structuring the 
information according to rank number. This means Hypothesis 1b is not supported. 
This can be derived from the confidence intervals in all four models and is depicted in 
Figure 3 (Kruskal–Wallis χ2 = 39.213, df = 2, p < 0.001). At this point, it has to be noted 
that complementary analyses, which are reported later in this article, have shown that 
respondents in all three settings spent similar amounts of time on all the information 
given to them, regardless of whether and how ranking information was given, but that 
the relative attention pattern to the different pieces of available information has 
changed.

Model 4 reports the same analysis but also includes the main effects of cognitive 
styles. As cognitive styles were rated on a scale from −3 to + 3, with 0 in the middle, the 
intercept of Model 3 reports the average time for a reference category decision (Group 
A: no ranking information), for a person that scores on the middle of all three cognitive 
style scales. However, no significant main effects exist, and the results of Model 3 are 
consistent with the results of Models 1 and 2.

Model 3 also includes the interaction effects of the decision treatment groups and 
the cognitive styles to test Hypotheses 2 to 4. Our results suggest that participants with 
a stronger creating cognitive style overall spend more processing time on non-ranking 

Figure 3. Group comparison for total fixation duration to all non-ranking information. Note: Group averages 
(total fixation duration in seconds) and confidence intervals based on 95% percentile-range are reported.
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information (B = 0.44; p = 0.010), but only in the Group C, i.e. where ranking numbers 
are given, and information is structured according to these ranking numbers. This 
means that people with a high score for the creating cognitive style paid relatively more 
attention to underlying performance information when universities were ordered 
according to ranking information. As a result, partially contrasting support is found 
for Hypothesis 2, and no support for Hypotheses 3 and 4 as the other interaction terms 
have no significant coefficients. This means that the hypotheses derived from cognitive 
fit theory are not supported by our experiment. Here, it is important to point out that 
cognitive styles are an individual level variable, and that our laboratory design has 153 
respondents at the individual level, with a relatively high ICC, meaning that individual 
factors rather than specific case or scenario factors determine variations. Hence, for 
these hypotheses our power is relatively low, at least compared to many other non- 
laboratory studies in the field of behavioural public administration. In contrast, as this 
is a laboratory study, we can for now conclude that such effects are either non-existing 
or not substantially large to be uncovered, even not in a controlled environment of 
a laboratory setting.

Finally, decision sequence, as a control variable, shows shorter fixation durations in 
later decisions (β = − 0.28; p < 0.001), which is in line with previous research on eye- 
tracking studies that show that a learning effect exists, and that people need less 
processing time for every additional trial (Bagger et al. 2013; Orquin, Bagger, and 
Mueller Loose 2013). Moreover, students paid overall less attention to the decision to 
take about Hong Kong Universities (β = − 0.57; p < 0.014).

Complementary analyses

To provide a sounder interpretation for the effects (not) confirmed, we perform a set of 
post-hoc complementary analyses that are reported in the Online Supplementary 
Materials. As these analyses are post hoc, caution is warranted about the interpretation 
of probability of effects. Nevertheless, results support exploration and postulation of 
new theoretical propositions. This is particularly valuable in the context of this study, 
given the new insights that eye-tracking data can give in performance evaluations and 
public administration research in general.

Complementary Analysis A analyzes the attention to all information – and not only 
the underlying ranking information – across all three scenarios. This shows that 
respondents attribute a more or less similar amount of information to any information 
sheet, regardless of whether and how ranking information is given. Hence, this 
complements our main findings, as the substitution effect is thus relative where 
a relatively stable amount of attention is redistributed over all available information. 
From this perspective, a critical note has to be made, and research needs to further 
validate to what extent this observed relative substitution is related to the specific 
ranking information, or the fact that additional information as such (and not necessa
rily ranking information) was given.

However, Complementary Analysis B decomposes the main findings by looking 
how relative attention for sub-parts of the information sheet changes as a result of the 
different scenarios. The overall substitution effect found from the main analysis is 
visible for the university performance dimensions (1) ‘research’, (2) ‘teaching’, and (3) 
‘funding’, but not ‘international’.
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Moreover, while hypothesis 1b was not supported, Complementary Analysis 
C provides interesting insights related to the underlying reasoning for that hypoth
esis. In the alphabetic scenario without ranking information, and in the scenario 
with the order element of ranking information, the top two rows of information are 
relatively consulted more in depth, compared to the scenario with ranking infor
mation but not ordered according to the ranking. Moreover, rows 3, 4 and 5 are 
consulted relatively less when any kind of ranking information is given. This 
suggests that without ranking information, top rows are consulted more, which is 
in line with several findings of other eye-tracking studies. However, when ranking 
numbers are given (but not ordered accordingly), top rows do not receive this 
standard higher attention. When ranking information consists of number as well as 
order, top rows (again) do receive most attention. Hence, while extra information 
(in general, and for ranking information in the case of this study) can elicit an 
overall, but relative substitution effect (i.e. the same amount of attention is allo
cated differently), the specific ranking information (number or order) does seem to 
elicit different attention patterns.

Discussion

Do performance rankings influence cognitive processing of the underlying perfor
mance information? This research question lies at the heart of our study and is 
embedded in three observations: (1) decades of public management reform aimed at 
measuring and comparing the performance of public organizations across the globe 
(e.g. Hood 2012), (2) critical reflections towards performance measurement based on 
the negative effects surrounding performance rankings in modern-day governance 
(e.g. Diefenbach 2009), and (3) potential cognitive biases underlying performance 
measurement in public administration (e.g. James et al. 2020). Whereas previous 
research has by large been observational (see overview of Gerrish 2016) or, when 
experimental, mostly used survey experiments to measure attitudes and perceptions 
(see overview of Battaglio et al. 2019), we conducted an eye-tracking experiment, 
a method which has been given only scarce attention in public administration scholar
ship. Our findings indicate that rankings do indeed affect cognitive processing among 
our participants.

Specifically, our analysis shows that adding ranking information moves attention 
away from other performance information indicating the existence of a substitution 
effect. This is a partial crowding-out – or substitution – effect, as the overall processing 
time of all available information did not change as a result of available ranking 
information. Moreover, ranking information reported and applied by ordering units 
according to this rank results in relatively more attention for the top ranked units.

Implications for theory

A growing body of literature in behavioural public administration has focused on 
explaining why and how users respond to performance information on public services. 
A part of this literature has identified or confirmed cognitive bias and social norms as 
theoretical mechanisms. In contrast, also ‘rational or smart heuristics’ might be at play, 
for example when the ranking data is a fair and good representation of underlying data 
on which the overall ranking is based. In such case, a substitution effect can be 
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considered as a rational time- and effort-saving cognitive mechanism to make sense of 
both underlying as well as summarizing ranking data. Hence, regardless of the theore
tical perspective taken on this, and regardless of a rational reference framework that 
might be relevant and against which potential biases are evaluated (Willems, 
Damgaard, and Van Dooren 2019), our results help better understanding what the 
cognitive process is at the origin of these decision heuristics.

First, our findings indicate that additional information is considered, but additional 
information did not lead to additional attention or cognitive processing. This finding 
contributes to previous research by introducing the substitution effect as a theoretical 
mechanism explaining the impact of how performance information is presented. On 
the one hand, if the summarized information is of high quality and well-constructed, it 
may be questioned whether additional information is indeed relevant for a ‘good’ 
decision. Additional information could make decision-makers feel overwhelmed and 
hinder the decision-making process, as detailed information has to be additionally 
processed. On the other hand, if the other information was crucial or the only relevant 
element for an optimal decision, lower levels of cognitive processing of that informa
tion might explain why some people are making less optimal decisions. However, like 
in many decisions made by service users, policymakers, and public servants, no 
optimal decision had to be made in our setting, but only a personal preference was 
probed for.

Nevertheless, this finding is particularly relevant in a public sector setting, because 
public organizations, in contrast to private organizations, have multiple objectives and 
lack distinct cross-organizational performance measures (Rainey 2009). As public 
service performance is thus multidimensional, a ranking of public services that is 
based on a one-dimensional summary measure hardly catches the nature of public 
services. If individuals do not cognitively process additional information such as 
various performance measures, the question arises whether rankings are useful for 
conveying the multidimensionality of public service performance. Our results thus add 
to the discussion of how additional and different types of information alter the 
cognitive processing pattern.

Second, our finding that top-ranked organizations receive relatively more attention 
when visually ordered according to this rank contributes to the literature on how 
decision aids work in public performance reporting (see e.g. Christensen and James  
2022). Concretely, our results show that rankings help put attention on best- 
performing units. If this is the purpose, then rankings can indeed be an effective way 
to report the main take-aways of a complex performance evaluation and comparison. 
Again, this finding has important implications for the public sector context. As public 
performance rankings are aggregations of multi-dimensional performance, this find
ing can result in levelling out – or even obscuring – performance dimensions that are, 
for example, only relevant for particular groups in society or in particular settings. 
Furthermore, an organization might perform well on one performance dimension and 
not so well on others (Holm 2018; Moynihan 2008). Aggregating the scores in a single 
composite ranking score ignores the goal multiplicity of public organizations, such as 
universities’ different functions (Williams and de Rassenfosse 2016). In addition, 
comparing public entities suffers from conceptual problems, meaning a common 
understanding of what it means for a public entity to perform well is needed (see e.g. 
Van de Walle 2008). Against this background, our results contribute to the usability of 
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rankings, depending on the purpose of the public performance reporting (Van de 
Walle and van Delft 2015).

Finally, our experiment fails to substantiate claims made by cognitive-fit theory 
about the role of cognitive styles in information processing. Although some evidence 
was uncovered about the role of a creating cognitive style, this evidence ran counter to 
our hypothesis. Consequently, our study does not demonstrate that certain cognitive 
styles are more susceptible to the substitution effect than others based on their 
preferred way of information processing. In contrast, previous – mostly observational – 
research has found that cognitive styles are associated with several performance 
management practices and performance information use (e.g. Kroll 2014). However, 
these studies typically identify direct associations between cognitive styles and perfor
mance management concepts based on survey responses from public managers. 
Anyway, the controlled context of our experiment could influence how cognitive styles 
materialize in behaviour, and students might differ from public managers in the 
manifestation of cognitive styles in behaviour. To broaden our understanding about 
the role of the research context, more theorizing in terms of the role cognitive styles 
play (or not) in how people respond to performance rankings is needed.

Implications for further research

We especially encourage future replications of our experiment aimed at empirical 
generalization and conceptual extension (Walker, James, and Brewer 2017). 
Replications ‘can help to establish the external validity of knowledge and thus the 
ability to generalize a study’s findings more broadly’ (Walker et al. 2019, 609), and can 
be particularly helpful in tackling some of the study’s limitations. While our findings 
clearly demonstrate the existence of a substitution effect, there are many design choices 
embedded in our experiment that future research could build on.

First, our sample consists of students from one university. Empirical generalization 
could take shape in two forms. Scholars could use a similar sample of students to 
replicate our experiment and identify whether our findings hold or focus on better 
representing the broader population or specific populations like service users, public 
managers, and policymakers. Either way, empirical generalization through a different 
sample using the same design can help assess the external validity of the existence of 
a substitution effect due to performance rankings.

Second, apart from exact replication using different samples, future research can 
implement several conceptual extensions. We highlight three important extensions: 
a different public service, a different ranking design, and a different set of moderators. 
While we focused on performance rankings in relation to universities, which are 
prevalent and receive loads of media attention, other public services are also often 
ranked, for example, ‘best places to live’ or ‘best hospitals’. Future research could 
identify whether the substitution effect is similarly prevalent across policy domains or 
whether between-domain differences pop up, for instance, based on the salience of the 
domain (e.g. Huijbregts, George, and Bekkers 2022b). In terms of ranking design, we 
used a very straightforward design through a table including performance information. 
A fruitful research avenue remains of whether other designs, for instance, using 
a certain amount of stars as an indicator of rank (e.g. Willems, Waldner, and 
Ronquillo 2019) have a similar substitution effect or this effect might be mitigated 
through specific designs. Moreover, for now we do find a substitution effect based on 
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the additional information provided, which was ranking information for the case of 
this study. Besides, our supplementary analyses suggest that additional ranking infor
mation (numbers versus order) also leads to other attention patterns, within the more- 
or-less stable amount of attention that respondents give to these information sheets. 
Further research is needed to also test and disentangle substitution effects in general, 
and specifically for ranking information. For example, which (ranking) information 
would potentially also reduce or increase overall information search patterns (and not 
only relative allocation of attention over all available information), and/or what other 
types of information would have similar or dissimilar effects.

Finally, we focused and theorized on cognitive styles as potential psychological 
characteristics of participants that could influence the substitution effect but did not 
uncover significant interactions. Further research could assess whether there might be 
additional moderators that could mitigate the substitution effect either at the indivi
dual level, e.g. other psychological characteristics such as the big five personality 
characteristics (Aarøe et al. 2021), or at the team/organizational level, e.g. procedural 
rationality of the decision-making process (George and Desmidt 2018).

Conclusion

Performance rankings remain extremely popular tools in public governance and 
management. Despite their popularity, however, these rankings are criticized for the 
often narrow, blinkered approach in which these are used and interpreted. We 
uncovered that rankings move attention away from other performance information, 
which seemingly supports much of this criticism and urges scholars and practitioners 
to reflect on whether, when and how performance rankings can be useful for learning 
and informed decision-making. We also hope to encourage research that uses experi
mental methods – such as eye-tracking – that go beyond measuring participants 
attitudes and perceptions towards actual behaviour, as these methods remain under
used in public administration scholarship. For now, we can conclude that among the 
already impressive list of potential perverse effects related to performance rankings, we 
can add the danger of a substitution effect.
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