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A B S T R A C T

We use eye tracking technology to provide a better understanding of cognitive processes behind biases in
subjective performance evaluation. In our experiment, subjective performance evaluation involves a supervisor
evaluating the office administration performance of a subordinate. Consistent with previous literature, we find
that the subjective evaluation of subordinate performance is influenced by performance on an unrelated ob-
jective measure used to evaluate the subordinate (spill-over). We predict and provide evidence that the super-
visor’s decision modes (intuition versus deliberation) interact with the level of performance on the objective
performance measure to determine the subjective performance evaluation and the magnitude of the spill-over.
Specifically, we find that individuals who use more effortful, deliberate decision modes show lower levels of
spill-over. As such, we contribute to the accounting literature by examining how biases in performance eva-
luation can be reduced and showing ways to capture cognitive processes accompanying those biases more
precisely.

1. Introduction

The use of subjectivity in performance evaluation is an important
part of performance measurement systems (Gibbs et al., 2004; Bol,
2011). Its importance is supported in the analytical and empirical lit-
erature as it allows performance evaluation to be supplemented with
non-contractible information which can benefit performance (Baker
et al., 1994; Baiman and Rajan, 1995; Van der Stede et al., 2006; Bol,
2008; Cheng and Coyte, 2014).1

Prior research, however, has documented a number of biases that
arise with the use of subjectivity in performance evaluation (Moers,
2005; Bol and Smith, 2011; Woods, 2012; Franco-Santos et al., 2012).
Studying these biases is important as they can reduce the benefits of
including subjectivity in performance evaluation. Our guiding question
is whether biases in subjective performance evaluation arising through
subjectivity can be reduced. It has been suggested that biases can be
mitigated if individuals exhibit more effortful cognitive processing
(Kennedy, 1993; Kahneman and Frederick 2002, 2005; Kahneman,
2011). However, it has also been noted that not all biases can be mi-
tigated by more effortful processing (Kennedy, 1993; Kahneman, 2011).

We study the spill-over bias which has been found in subjective
performance evaluation. Spill-over occurs when supervisors bias their
evaluation of a subjective measure consistent with the level of

performance of an unrelated objective measure. Spill-over has been
described to be associated with an ‘evaluative disposition’ formed by
supervisors who rate an objective measure (Bol and Smith, 2011). The
evaluative disposition is formed by information that is evaluated early
(i.e. the objective measure). It then influences the processing of sub-
sequent information (i.e. the subjective measure) in a coherent way
with the disposition (Bond et al., 2007). Whether the strength of the
disposition and hence the spill-over bias is also associated with the
cognitive effort exerted by the supervisor has not been the focus of prior
research. Thus, the literature lacks clarity as to whether this bias can be
mitigated by more effortful cognitive processing.

There is evidence in the accounting literature that accounting re-
lated decision-making is influenced by different decision modes (e.g.
Shields, 1980; Chenhall and Morris, 1991; Bailey et al., 2011). In ac-
counting, and in the wider literature, a variety of typologies have been
suggested to differentiate between multiple decision modes (Kahneman
and Frederick, 2002). We use a typology by Horstmann et al. (2009)
which distinguishes between two widely used decision modes: a rather
slow and effortful deliberate decision mode (deliberation) versus a ra-
ther fast and effortless intuitive decision mode (intuition) (see also
Kahneman and Frederick 2002; Evans, 2008). Horstmann et al. (2009)
showed that these two decision modes can be approximated by fixation
count, a measure obtained using eye tracking technology. A fixation
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occurs when the eyes stay focused on a single location longer than a
particular time threshold. The advantage of this measurement, as
compared to survey-based measurements, is that it can be captured
while individuals process the relevant information (Rotaru et al., 2018;
Birnberg and Ganguly, 2012).

We argue that the evaluative disposition leading to spill-over has a
stronger effect in an intuitive mode due to the fast and effortless cog-
nitive processing of that mode leading to a rapid contextualization re-
lying more on prior beliefs and knowledge (Evans, 2008). In contrast,
spill-over is reduced if an individual’s decision mode is more consistent
with a deliberate mode. In a deliberate mode, supervisors take the time
to consider what dimensions of subordinates’ jobs performance mea-
sures capture (i.e., supervisors increase cognitive effort), and recognize
that the measures capture distinct dimensions (i.e., the job dimensions
and thus their measures are not significantly associated). As such, the
evaluative disposition is mitigated. Consequently, we examine whether
and how objective performance on an unrelated task interacts with the
decision mode to influence the spill-over and thus the subjective per-
formance evaluation.

We examine this in an employment setting, in which a subordinate’s
performance is measured on two unrelated dimensions (tasks): perfor-
mance on one dimension is measured objectively, while the supervisor
evaluates performance on the other dimension subjectively. The ob-
jective information is available before the supervisor subjectively
evaluates performance of the subordinate on the other dimension. In
such a setting, Bol and Smith (2011) showed that the level of perfor-
mance on an objective measure can affect the subjective evaluation of
performance on an unrelated dimension. Specifically, when perfor-
mance on the objective measure is lower, supervisor’s evaluation of
information for the subjective measure is lower compared to the case
when performance on the objective measure is higher.

We use an experiment in which participants assumed the role of a
regional director with supervisory authority over district managers who
had both sales and office administration related duties. Objective sales
information in relation to the district manager’s sales performance was
given, after which participants were asked to evaluate the performance
of the district manager’s office administration duties. In half the cases
the subordinate performance was low as reported by the objective
measure; in the other half the subordinate performance was high. The
experiment is based on a 2× 1 between-subjects design.

Our study makes a number of contributions. First, prior accounting
research has shown that subjective performance evaluation can be af-
fected by cognitive biases (Bol and Smith, 2011; Woods, 2012; Ruggeri,
2012). We extend this line of research by reporting evidence that biases
which are primarily associated with evaluative pre-dispositions and not
effort, may still be mitigated by a decision mode that involves more
cognitive effort. We provide empirical support for this in association
with the spill-over bias. Hence, the spill-over bias may be stronger when
evaluators use more intuitive and less effortful decision modes, and the
size of the spill-over bias may not be universal across different decision
modes. The result of this study provides opportunities for mitigating
this and similar biases (e.g. memory bias, as discussed below) in sub-
jective performance evaluation.

Second, Bol and Smith (2011) report that they do not find evidence
that would suggest that the overall amount of time participants take to
complete the experiment, used as a proxy for effort, interacts with the
level of the objective performance measure. We argue that this is due to
the overall time measure being too noisy and not precise enough to
reflect the processing of the subjective information. The imprecision is
due to the time measure capturing both time spent attending the sub-
jective information as well as time spent attending information other
than the subjective information. We extend their research by comparing
our primary measure, fixation count, with the overall time measure and
additional measures (fixation duration and time spent until page submit
on the relevant screen). Consistent with Bol and Smith (2011) we find
that the overall time measure does not interact with the level of the

objective performance measure, however, we find that fixation dura-
tion and time spent on the screen that depicted the subjective in-
formation lead to similar results as fixation count. Thus, in our study
the less noisy measures including the eye tracking measures provide
additional insights. In accounting, the use of eye tracking devices is a
recent method innovation. Our results provide support that it has the
potential to further open the ‘black box’ and to get insights into cog-
nitive processing and its effects on observed behavior (Birnberg and
Ganguly, 2012).

In the next section, we present the background and hypothesis.
Subsequently, we describe the experimental method, present the re-
sults, discuss the findings and outline avenues for future research.

2. Background and hypothesis development

2.1. Subjectivity in performance evaluation and spill-over

Incorporating subjectivity into the performance measurement pro-
cess can help to overcome disadvantages of objective measures. While
there are conditions under which the sole reliance on a single objective
item of accounting information can be preferable (Luft et al., 2016),
several analytical and empirical studies indicate that subjectivity can
alleviate dysfunctional subordinate behavior resulting from incomplete
performance measures (Baker et al., 1994; Baiman and Rajan, 1995;
Cheng and Coyte, 2014).

Difficulties and biases, however, are also associated with sub-
jectivity (Ittner et al., 2003; Ittner and Larcker, 1998; Lipe and Salterio,
2000). Supervisors’ evaluations of current performance may be influ-
enced by past performance evaluation (i.e., a memory effect, Woods,
2012), may understate performance differences between employees
(i.e., a centrality effect, Moers, 2005; Golman and Bhatia, 2012), and
may be influenced by the level of objective performance measures (i.e.,
a spill-over effect, Bol and Smith, 2011). We investigate the latter factor
in this study.

Bol and Smith (2011) show that the level of performance on an
objective measure can affect the subjective evaluation of performance
on an unrelated measure. Literature on cognitive distortion explains
spill-over such that the information evaluated earlier leads to an eva-
luative disposition. This disposition influences the processing of sub-
sequent information (Bond et al., 2007). Specifically, when perfor-
mance on an objective measure is low, individuals’ subjective
evaluation of information of an unrelated subjective measure is lower
than when performance on an objective measure is high. Bol and Smith
(2011) further show that this influence depends on the objective mea-
sure’s controllability, i.e. the covariation of the measure with the sub-
ordinate’s action (Banker and Datar, 1989). If a subordinate’s con-
trollability is low, the level of the objective measure does not influence
the supervisor’s evaluation of the subjective measure as much than
when controllability is high. We extend this research by exploring
whether the spill-over bias also depends on supervisors’ decision
modes. The potential reduction of the spill-over bias based on the su-
pervisors’ decision mode provides important guidance to organizations
seeking to develop interventions to reduce this type of bias independent
from environmental factors such as controllability.

2.2. Two modes of cognitive information processing

There is a broad body of literature which proposes two modes of
cognitive information processing for decision-making (Kahneman and
Frederick, 2005; Evans, 2008; Evans et al., 2013). Despite inconsistent
conceptualization of dual process concepts, Kahneman and Frederick
(2002 p. 51) acknowledge their similarities: “dual-process models come
in many flavors, but all distinguish cognitive operations that are quick
and associative from others that are slow and rule-governed.”

The many flavors of different processing modes are also apparent in
accounting research in which two different processing modes are
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commonly distinguished (e.g. Shields, 1980: non-compensatory versus
compensatory; Chenhall and Morris, 1991: intuitive versus sensational;
Bailey et al., 2011: anchoring approach versus integrative approach;
Farrell et al., 2014: System 1 versus System 2). For instance, Shields
(1980) investigates the effect of information load on managers’ search
behavior in performance evaluation. He finds increased use of search
strategies consistent with non-compensatory decision models (e.g.
combination, lexicographic or elimination-by-aspect models) when in-
formation load, in terms of alternatives (number of managers eval-
uated), is high. This rise in non-compensatory decision strategies is not
observed when the number of attributes (number of performance
measures per manager) is increased.

We extend this stream of literature by introducing the typology of
intuition versus deliberation used by Horstmann et al. (2009). In this
typology, intuition refers to less effortful cognitive information pro-
cessing that an individual may use in judgment and decision-making
while deliberation refers to a decision mode that involves relatively
more effortful cognitive processing. As shown in Table 1, characteristics
of the intuitive versus deliberation mode include fast, effortless, high
capacity, unconscious and parallel for the former and slow, effortful,
limited capacity, accessible to conscious awareness and sequential for
the latter (Horstmann et al., 2009). An advantage of this typology is
that it is associated with a more granular analysis of cognitive proces-
sing proxied by the eye tracking measure of fixation count, a mea-
surement that can be captured while individuals process relevant in-
formation.

2.3. Spill-over effect and intuition versus deliberation

A more effortful decision mode, such as a deliberate decision mode,
can improve judgment (Kennedy, 1993; Kahneman and Frederick 2002,
2005; Kahneman, 2011). A rather effortless decision mode, such as an
intuitive decision mode, can be subject to bias. This is because by ap-
plying rules of thumb, heuristics and by accessing mental representa-
tions in fast ways, in the formation of judgments, some context-specific
information cues might not be taken into consideration or might be
influenced by the decision maker’s prior knowledge about the decision-
making context. The spill-over effect (Bol and Smith, 2011) can be seen
as a bias because there should not be an influence of the performance
level of an objective measure on a subjective measure when measures
are meant to be independent. This leads us to the question of whether
the spill-over bias can be mitigated by a more effortful, deliberate de-
cision mode.

Based on a cross-disciplinary literature review, Kahneman (2011)
suggests that not all biases can be reduced by cognitive processing

associated with more effort. In auditing, Kennedy (1993) suggests that
some judgment biases are more effort-related than others and that these
biases can be mitigated by more effortful decision modes. Spill-over has
not been associated with effort as a driving factor, but rather with an
evaluative disposition. This may be partly a result of prior research
using a noisy proxy for effort (e.g. total time, Bol and Smith, 2011). It
raises the question of whether the influence of effort on spill-over can
be shown using a more precise measure of effort.

Further, Evans (2008, p. 261) contends that faster and less effortful
processes “rapidly contextualize problems with prior knowledge and
belief”. Thus, cognitive processing characterized by a larger extent of
intuition (less effort) increases the likelihood that the evaluation of
subjective information is rapidly contextualized with prior knowledge
about the level of the objective measure. As such, the evaluative dis-
position resulting from the level of the objective measure is more likely
to have a stronger influence on judgment when cognitive processing
tends to be of a more intuitive decision mode than a deliberate decision
mode that includes slower and more effortful processing.

Taking the perspective of a supervisor, in a deliberate mode a su-
pervisor is more likely to spend the time to think about what dimen-
sions of a subordinate’s job are captured by the performance measures.
In such a mode, a supervisor is more likely to take the time to assess a
subordinate’s performance on a second job dimension independent
from a first job dimension thus using the second measure more in-
dependently. Hence, a supervisor is more likely to recognize that ob-
jective and subjective performance measures capture distinct job di-
mensions and thus their measures are less likely to be associated.
Therefore, a less distorted evaluation is made when more deliberate
rather than more intuitive processing is involved during the judgment
formation process.

In other words, our expectation is that the spill-over is larger when
information processing is more consistent with an intuitive decision
mode, whereas it is smaller when information processing is more con-
sistent with a deliberate decision mode. Thus, subjective performance
evaluation may be considered as an interactive function of performance
on an objective measure and the decision mode. Stated more formally:

Hypothesis 1. The difference in subjective performance evaluation
between high performance on an objective measure and low
performance on an objective measure is larger in an intuitive decision
mode than in a deliberate decision mode.

3. Method

Participants were asked to assume the role of a regional director and
complete a performance evaluation task for a hypothetical industrial
pipe and fitting company. The experimental task was adapted from Bol
and Smith (2011). We used students as proxies for managers in the
context of our decision-making task consistent with prior literature
(Ashton and Kramer, 1980; Guala, 2005; Arnold and Triki, 2018). One
hundred and twenty-three second year undergraduate students with
accounting majors took part in the study on a voluntary basis. Students
were recruited from a department research subject pool and received
two credit points for taking part in the study. For those students who
chose not to take part in the study, an alternative task was made
available for equivalent credit points. As we describe in our control
analysis, the relative differences in our results are consistent with the
results of Bol and Smith (2011) who use managers with an average of
13 years of supervisory experience. Our study received ethics clearance
from the ethics committee of the university where the study was con-
ducted.

3.1. Experimental design and eye tracking device

The analysis of the experiment is based on a between-subjects de-
sign involving two conditions, i.e., high and low performance on an

Table 1
Intuitive Decision Mode and Deliberate Decision Mode Comparison based on
Horstmann et al. (2009).

Intuitive Mode Deliberate Mode

Fast Slow
Effortless Effortful
High Capacity Limited Capacity
Unconscious Accessible to conscious awareness
Parallel Sequential
Lower Fixation Count Higher Fixation Count

Note: This table summarizes the qualifiers used by Horstmann et al. (2009) to
describe cognitive processing that adopts two underlying decision modes: in-
tuitive decision mode and deliberate decision mode. Horstmann et al. (2009)
show that these two modes can be associated with the eye tracking measure
fixation count. They evidence that a higher number of fixations indicate a higher
degree of deliberation, while a lower number of fixations indicate a lower de-
gree of deliberation. Thus, the extent of deliberation increases with a higher
number of fixations. Other dual process models used to describe cognitive
processing can be found in Evans (2006), Evans (2008), Kahneman (2011),
Stanovich and Toplak (2012), Evans and Stanovich (2013).
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objective measure. Participants were randomly assigned to one of the
two conditions. The extent of deliberation (intuition versus delibera-
tion) was measured using eye trackers. As explained later in more de-
tail, consistent with Horstmann et al. (2009), the eye tracking measure
fixation count was used to measure extent of deliberation.

Eye tracking is an established method in visual processing and
psychology research (Rayner, 1998), in website usability analysis
(Lorigo et al., 2008) and marketing (Wedel and Pieters, 2006). In ac-
counting, the use of eye tracking devices is a recent methodological
innovation (Rotaru et al., 2018). Thus, the literature suggests that
neurophysiological devices, including eye trackers, may allow us to
open the ‘black box’ and to get insights into cognitive processing and its
effects (Birnberg and Ganguly, 2012). There is emerging evidence of the
use of eye tracking technology in accounting (Grigg and Griffin, 2013;
Chen et al., 2016). In the following section and in Appendix A, we
provide information about the parameters used in our study in order to
allow comparability with other studies.

We used a Tobii T120 eye tracking system to record eye movements
while participants were processing the subjective information. The
Tobii T120 eye tracking system uses infrared corneal and pupil reflec-
tion to follow the eyes on screen (Tobii Technology AB, 2010). The
camera is built into the rim of a 17-in. TFT monitor in order not to
distract subjects. Recordings are taken with a frequency of 120 Hz. Chin
rests preventing participants head movements are not necessary with
this technology as slow head motions do not significantly affect the
quality of the measurements taken. Thus, the experimental set up re-
sembles a situation where the respondents use their own computer
without feeling constrained in their movements.

At the beginning of the experiment the eye tracker is calibrated
using a nine-point fixation technique in order to adjust for participants’
individual differences in seating position or their eye characteristics.
Thus, despite the non-intrusiveness of the technology, participants are
aware that their eyes are tracked.

3.2. Procedure

Participants completed the experiment in a behavioural laboratory
of a large university. They were seated individually in carrels in front of
monitors of eye tracking devices. After the calibration of the eye tracker
the case was presented.

In the case, each participant was asked to assume a hypothetical
situation in which she worked as a regional director in an industrial
pipe and fitting company. The regional director had supervisory au-
thority over sales managers. The sales managers in turn supervised a
number of sales associates and office staff. An organizational chart
depicted the organizational hierarchy and sales managers’ work re-
sponsibilities were described.

Subsequently, the instructions noted that one of the duties of the
regional director was to perform semi-annual performance evaluations
for each supervised sales manager. The performance evaluation con-
tained two measures: an objective measure of individual sales and a
subjective measure of the sales manager’s office administration per-
formance. Both measures were scored on a 0–10 scale and the average
yielded the overall performance score. Participants were told that the
two measures were independent because they captured different job
requirements. Participants were asked to conduct the performance
evaluation of the office administration of one of the sales managers.
Information on the objective measure was provided based on dollar
sales figures associated with the sales score (0–10). Sales of the sales
manager to be evaluated were manipulated to be either 2 (low) or 9
(high).

Regarding the information on the subjective measure, participants
were given statements by the sales manager’s staff. The statements were
about the sales manager’s office performance (in the results referred to
as ‘subjective information’ or ‘interviews’). The interviews were de-
signed to depict an average level of office administration performance

and were the same as in Bol and Smith (2011).2

After having read the case information, participants were prompted
to evaluate the office administration performance on a scale from 0
to10.

3.3. Independent variables

3.3.1. Level of objective measure
The first independent variable is the level of the objective measure.

The objective measure is the subordinate’s individual sales for the most
recent six months. The score relates to a 0–10 scale with each score
linked to a particular range of sales. The level of the subordinate’s
objective measure is manipulated on this scale by either being low (2
out of 10) or high (9 out of 10).

3.3.2. Intuitive and deliberate decision mode and eye tracking measures
The second independent variable is the participant’s extent of de-

liberation (intuitive versus deliberate processing mode) as a measured
independent variable proxied by fixation count (obtained using an eye
tracker device). Literature supports that people differ in the extent to
which they process information and to which they are inclined to
analytically reflect on a task (Frederick, 2005; Evans, 2006). As noted
above, Horstmann et al. (2009) describe cognitive processing using two
underlying decision modes: intuition versus deliberation. They empiri-
cally validate fixation count as a measure of processing mode with
higher number of fixations indicating a higher degree of deliberation
and a lower number of fixations indicating a lower degree of delib-
eration in individuals’ cognitive processing.

Consistent with prior research, Horstmann et al. (2009) expect that
gaze data, being the product of neurophysiological activity of the brain
and dynamic eye-brain communication, can be used as a proxy for
people’s effort and information processing (Kahneman 1974, 2011; Van
Gompel et al., 2007). Thereby, Horstmann et al. (2009) found evidence
that cognitive processing is rather consistent with integrated models
(Kahneman and Frederick, 2002; Evans, 2006) as opposed to distinct-
process models (Sloman, 1996). This implies that the decision modes
can be proxied using continuous measures. As shown in Table 1,
Horstmann et al. (2009) describe the intuitive decision and the delib-
erate decision mode using a variety of qualifiers. At the measurement
level, a higher number of fixations indicates a rather deliberate decision
mode and a lower number of fixations a rather intuitive decision mode.

A fixation occurs when the eyes stay focused on a single location
longer than a particular time threshold. We use Tobii Studio 3.2.1
software to analyze the eye tracking data. The IV-T fixation filter is
adopted as part of Tobii Studio’s global settings. We set key parameters
of the IV-T Tobii filter to ‘define fixations’. In our experiment, a fixation
is recorded when participants fixate at least 60ms on a particular spot
on the screen. We set this threshold relatively low as short fixations are
commonly present during reading and our key area of interest contains

2 Before presenting the statements of the interviews, participants were asked whether
they wanted to conduct interviews and receive the information in form of the statements.
Participants could choose whether to conduct interviews or not. We included this choice
as a potential measured independent variable for our study. After this, participants were
told that their preference had been understood, but due to a newly introduced policy, the
supervisor was still required to conduct interviews. We chose not to include this variable
as only seven participants out of 123 chose not to conduct interviews. Including or ex-
cluding them did not statistically impact on our analysis. Along with the question whether
or not to conduct interviews, participants were presented with personal notes about the
sales manager they had taken during the last six months. In the personal notes another
manipulation was performed by giving participants information on whether the sales
manager agreed or disagreed with the supervisor’s budgeting approach. This manipula-
tion turned out to be too weak and only 73 out of 123 participants passed the manip-
ulation check at the end of the instrument. As the manipulation was randomized, we
dropped the analysis of this manipulation and analyzed the data only with respect to the
manipulation of the objective measure. Including this manipulation as an independent
variable did not change the significance levels of the existing factors in the model of
Table 3 and was insignificant by itself (p= .694).
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textual information (Rayner, 1998; Radach et al., 2008; Holmqvist
et al., 2011). Sixty milliseconds is often set as a minimum threshold for
classifying a single fixation (see technical appendix in Appendix A).3

Our fixation count measure is the sum of all fixations recorded while
participants process the subjective information. It is used as a measure
for extent of deliberation that is hypothesized to influence spill-over. We
use the interview statements by staff members of the sales manager as a
vehicle to display the information relating to the subjective measure.
The statements are displayed on one screen within the case material.
Participants could review this screen only once, but for as long as they
wanted to. After clicking on the ‘continue' button they could not go
back to the statements. We define our area of interest as a rectangle
covering the statements' text plus side/bottom/top margins of 30–70
pixels from the text. The side margins vary as the text is aligned left and
the lines are not equally long. The size of the area of interest is
783×725 pixel.

Single fixations vary in length (Velichkovsky, 1999). Thus, another
commonly used eye tracking measure is the sum of the length of all
single fixations in an area of interest, commonly referred to as (total)
fixation duration (in sec). In additional analysis we also use this mea-
sure. Further, since both fixation count and total fixation duration are
related to the time individuals spend processing the area of interest, we
may readily see an association with the overall time individuals spent
on the screen containing the area of interest. This simple time measure
has the appeal of being readily available from the computerized survey
tool we use. Thus, in supplementary analysis we also use time spent until
page submit as an additional measure.

3.4. Dependent variable

Sales managers’ office administration performance (subjective
measure) is our primary dependent variable. Participants were asked to
evaluate the office administration performance on a scale from 0 to 10.
The dependent variable is called Subjective Performance Evaluation.

4. Results

4.1. Manipulation checks and control analysis

The total number of participants in our experiment was 123. One
participant had to be eliminated as we did not receive eye tracking data
for this participant. This resulted in 122 usable responses. Thirteen
subjects of the 122 participants failed the manipulation check. We
conducted our analysis both including and excluding subjects who
failed the manipulation check and our results did not change. We thus
report all subsequent analysis based on the full sample.

The mean subjective performance evaluation is 4.85 for the low
objective measure condition, whereas it is 6.32 for the high objective
measure condition (refer to Table 2). This difference is significant
(df= 120, t= 4.45, p < .01). This difference is consistent with the
spill-over effect reported by Bol and Smith (2011). Bol and Smith
(2011) reported subjective performance levels of 5.42 for the low ob-
jective measure condition and 6.90 for the high objective measure
condition.

Further, we test whether the manipulated independent variable
(level of objective measure) is associated with our observed in-
dependent variable (extent of deliberation). As shown in Table 2, the
means reflecting extent of deliberation (fixation count) for the high
(low) objective performance measure condition are 270.47 (246.89).
The means are not statistically different (df= 120, t= 0.947,
p > .34). Levene’s test does not indicate differences in variances

between the groups (df1=1, df2=120, F=0.894, p > .34). Thus,
the objective measure is not associated with information processing
modes and can be used to examine the moderating effect of decision
modes (intuitive vs. deliberate).

4.2. Hypothesis testing

To test our hypothesis, we perform a linear regression analysis using
subjective performance evaluation as the dependent variable and the
level of the objective measure, degree of deliberation and their product
term as independent variables. The product term is used to test the
significance of the interaction. Significance relating to our hypothesis is
evaluated one-tailed due to the directional nature of our prediction in
our hypothesis indicating convergence and not divergence (see e.g.
Darlington and Hayes, 2017; Elliott et al., 2015, 2017). We find evi-
dence of a significant interaction as proposed in our hypothesis
(Table 3, t=−1.671, p < .05). As such, the level of the objective
measure and the extent of deliberation interactively influence sub-
jective performance evaluation. The more cognitive processes are de-
liberate, the more the subjective performance evaluation between the
treatment conditions converge, i.e. the smaller the spill-over effect gets.

Thus, consistent with our prediction, in a rather intuitive decision
mode the subjective evaluation is more influenced by prior knowledge
about the level of performance of the objective measure. As such, in the
evaluation process the subjective information is more rapidly con-
textualized with the level of the objective measure and thus more dis-
torted in a rather intuitive decision mode compared to a decision mode
with a higher degree of deliberation, supporting our hypothesis.

We conduct further analysis to explore the nature of the interaction.
Fig. 1 graphically depicts regression lines per level of the objective
measure condition. The graph shows subjective performance evaluation
as a function of extent of deliberation per treatment condition. To chart

Table 2
Descriptive Statistics.

Objective Performance
Measure

Subjective
Performance
Evaluation

Extent of Deliberation
(Fixation Count)

Low Mean 4.85 246.89
N 62 62
Std. Dev. 1.86 144.48

High Mean 6.32 270.47
N 60 60
Std. Dev. 1.76 129.97

Total Mean 5.57 258.48
N 122 122
Std. Dev. 1.95 137.48

Note: The objective performance measure is the manipulated variable with two
conditions: low and high. The subjective performance evaluation is based on
participants’ evaluations on a scale from 0 to 10. Extent of deliberation is
measured by the total fixation count observed on the area of interest.

Table 3
Summary Linear Regression on Subjective Performance Evaluation.

B t Sig.

(Constant) 4.752 10.447 0.000
O – Objective performance measure 2.539 3.598 0.000
D – Extent of Deliberation (Fixation Count) 0.000 0.261 0.794
Interaction O x D −0.004 −1.671 0.049

Note: Dependent Variable: Subjective performance evaluation; Independent
Variables: Objective performance measure (0= Low, 1=High), extent of de-
liberation (measured by the total number of fixations on the subjective in-
formation), Interaction O x D; R square=0.170; Significance relating to our
hypothesis is evaluated one-tailed because of the directed prediction in our
hypothesis indicating convergence and not divergence.

3 In the analysis of the data, we had to make several choices associated with the op-
timal use of the eye tracking technology in the context of the given research design. Please
refer to the technical appendix in Appendix A for a more in-depth discussion regarding
the fixation filter used.
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the graph, two separate regression models were analyzed using sub-
jective performance evaluation as the dependent variable and extent of
deliberation as the independent variable. The first regression model (1)
was run with the sample in the objective measure treatment ‘high’. The
second regression model (2) was run with the sample in the objective
measure treatment ‘low’.

The resulting regression terms are:

S1= 7.29+(−.004) * D1 (1)

S2= 4.75+ (.000) * D2 (2)

where S=Subjective performance evaluation; D=Extent of
Deliberation proxied by fixation count.

S as a function of D for both samples (high and low) are illustrated
in Fig. 1. Only for the treatment involving ‘high’ level of objective
measure, the B coefficient (−0.004) is significant (t=−2.101,
p= .04), while it is not significant for the treatment involving ‘low’
level of objective measure (B= 0.000, t= 025, p= .80).4 This in-
dicates that the interaction is driven by participants in the ‘high’ con-
dition, such that information processing consistent with a deliberate
decision mode reduces participants’ subjective performance evaluation.
Our hypothesis predicts a convergence. This convergence is observable
in Fig. 1. Yet, our theory does not lead us to predict that this con-
vergence is asymmetric. In subsequent analysis, we explore this inter-
action further using our additional measures.

4.3. Supplementary analysis

As described above, Horstmann et al. (2009) show a link between
the number of fixations (fixation count) and extent of deliberation. For
this reason we adopted fixation count as our primary measure.
Horstmann et al. (2009) do not report analysis regarding a link between
(total) fixation duration and extent of deliberation.5 Yet, total fixation
duration is another widely used eye tracking measure. It is derived by

summing up the duration of all individual fixations. Durations of fixa-
tions can vary, with short fixations typically classified<150ms,
medium fixations≥ 150ms and<500ms, and long fixations ≥500ms
(Velichkovsky, 1999).

Since the total fixation duration measure contains the number of
fixations, these two measures are significantly correlated (r= 0.956,
p < .01) as shown in the correlation matrix in Table 4. Further, as both
measures, total fixation count and total fixation duration, are associated
with time, the time individuals spend on the page containing the area of
interest should be associated with the two measures. We captured the
time participants spent on the page that contained the interview
statements using the survey tool. As shown in Table 4, the measure
‘time until page submit’ is also significantly correlated with total fixa-
tion count (r= 0.253, p < .01) and total fixation duration (r= 0.199,
p < .05).

Consequently, we test whether these additional two measures (total
fixation duration and time until page submit), used as proxies for the
extent of deliberation, provide similar results for our hypothesis. Linear
regression analysis using the same model as in Table 3 shows a sig-
nificant interaction between the objective measure and total fixation
duration (t=−1.798, p < .038, one-tailed) as well as between the
objective measure and time until page submit (t=−2.043, p < .023,
one-tailed). Thus, all three measures – fixation count, total fixation
duration, and time spent until page submit – support our moderation
hypothesis.

In order to analyze the nature of the interaction, we again ran two
regression models per measure. Regression models (3) and (5) were
calculated using the sample in the objective measure treatment ‘high’.
Regression models (4) and (6) were calculated using the sample in the
objective measure treatment ‘low’.

S3= 7.33+ (−.021) * FD1 (3)

S4= 4.91+ (−.001) * FD2 (4)

where S=Subjective performance evaluation; FD=Total Fixation
Duration.

S5= 7.03 + (−.014) * TP1 (5)

S6= 3.88+ (.018) * TP2 (6)

where S=Subjective performance evaluation; TP=Time until page
submit.

Models (3) and (4) using fixation duration are similar to models (1)
and (2) using fixation count. As in model (1), in model (3) using the

Fig. 1. Influence of Extent of Deliberation
(Fixation Count) on Subjective Performance
Evaluation.
Note: Dependent variable (y-axis): Subjective
Performance Evaluation (based on participants’
evaluations on a scale from 0 to 10).
Independent variable (x-axis): Extent of delib-
eration measured by number of fixations on the
subjective information. For (S1) the sample in
the objective measure treatment ‘high’ is used
to estimate a linear regression function. For
(S2) the sample in the objective measure treat-
ment ‘low’ is used to estimate a linear regres-
sion function.

4 Note, we report B coefficients and not Betas because we use the B coefficients for
visualization purposes in Figs. 1 and 2.

5 While Horstmann et al. (2009) do not report the analysis of total fixation duration,
they report the analysis of mean fixation duration that relates to the average duration of
single fixations. They do not find an association between the instruction to adopt a
particular decision mode and the average duration of single fixations. Since they find a
difference in the number of fixations and no difference in average duration of single
fixations, the total fixation duration (which is measured as the product of the number of
fixations and the average duration of single fixations) should logically be similar to the
results based on the number of fixations in their study (as it is for our study).
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‘high’ treatment sample, the B coefficient (−0.021) is significant
(t=−2.724, p= .008). As in model (2), in model (4) using the ‘low’
treatment sample, the B coefficient (−0.001) is not significant
(B=−0.001, t=−0.165, p= .87). This is consistent with the results
using fixation count in that the interaction is driven by participants in
the ‘high’ condition and that information processing consistent with a
deliberate decision mode reduces participants’ subjective performance
evaluation in the ‘high’ condition.

This notion is not supported by the time until page submit measure,
in that the B coefficients for both model (5) (B=−0.014, t=−1.255,
p= .22) and model (6) (B= 0.018, t= 1.670, p= .10) are not sig-
nificant. Table 5 summarizes the regression models and t-tests using the
different measures.

Fig. 2 depicts all six (1–6) regression lines. Generally, all regression
lines support our prediction because they are generally converging with
higher values of the independent measures reflecting extent of delib-
eration. Interestingly, the only regression line with an upward trend in
the ‘low’ treatment (despite not being significant) was derived using the
time measure. Since our theory did not lead us to predict an asymmetric
interaction, we may conclude that all three measures provide support
for our interaction. On the other hand, we may also argue that the
simple time measure may be less sensitive when detecting a particular
nature of interaction because of the non-significance of the regression
coefficients per treatment condition. Yet, the latter interpretation is
very tentative and further research is necessary.

Bol and Smith (2011) also capture a time measure in their study
based on the overall time participants took to complete the experiment.
This time measure is different to the one above as it reflects the time
taken to complete the entire task and not, as in our study, the time
participants spent on the subjective information. In non-tabulated
control analysis, Bol and Smith (2011) report that they do not find
evidence that would suggest that the amount of time participants take

to complete the experiment interacts with the level of the objective
performance measure. We argue that this is likely due to the overall
time measure being too noisy and not reflecting precisely enough the
processing of the subjective information. Running the model in Table 3
using a time measure that captures the time participants took to com-
plete our experiment (similar to Bol and Smith, 2011) does not result in
a significant interaction term in our study either (t= 1.441, p= .152).

5. Discussion

Our study contributes to prior literature in subjective performance
evaluation by investigating the influence of decision modes in sub-
jective performance evaluation using the spill-over effect as a setting
(Bol and Smith, 2011; Ruggeri, 2012). There are many settings in which
supervisors have discretion to apply subjective judgment when evalu-
ating performance that is difficult to be captured with objective mea-
sures. However, if supervisors are influenced by cognitive biases such as
spill-over, their subjective evaluation is likely to be distorted. This can
have important negative consequences for employee motivation, com-
pensation or promotion (Bol, 2008; Bol and Smith, 2011). Thus, it is
important to examine factors that mitigate such biases.

Our results confirm the presence of the spill-over effect in subjective
performance evaluation, such that supervisors’ subjective performance
evaluation is influenced in the direction of their subordinates’ objective
performance levels. More importantly, we find that the spill-over bias is
reduced when individuals process subjective information using a more
deliberate decision mode as compared to a more intuitive decision
mode. Thus, the size of the spill-over bias may not be universal across
different decision modes. We further provide evidence as to which
measures have the potential to capture cognitive processes adequately
to show the theorized moderation.

In prior literature the spill-over bias has been attributed to an

Table 5
Summary of Results (Regression Models, Measures and T-Tests).

Main Effect Regression Models Subsample (High or Low
Objective Measure
Treatment)

Proxy T-tests of B Coefficients T-tests of Interaction Terms of Regression
Models (Full Sample that includes both
Treatments)

(1) S1= 7.29+ (−0.004) x D1 High Fixation count t=−2.101, p= .04* t=−1.671, 0.049*
(2) S2= 4.75+ (.000) x D2 Low Fixation count t= 0.25, p= .80
(3) S3= 7.33+ (−0.021) x FD1 High Total Fixation Duration t=−2.724, p= .008** t=−1.798, p < 0.038*
(4) S4= 4.91+ (−0.001) x FD2 Low Total Fixation Duration t=−0.165, p= .87
(5) S5= 7.03+ (−0.014) x TP1 High Time until page submit t=−1.255, p= .22 t=−2.043, p < 0.023*
(6) S6= 3.88+ (0.018) x TP2 Low Time until page submit t= 1.670, p= .10

where S=Subjective performance evaluation; D=Extent of Deliberation proxied by fixation count; FD=Total Fixation Duration; TP=Time until page submit; The
t-tests of the interaction terms of the regression models follow the model as shown in Table 3; Note, we report B coefficients and not Betas because we use the B
coefficients for visualization purposes in Fig. 1 and Fig. 2. * p < 0.05, ** p < .01.

Table 4
Correlation Matrix (Pearson).

Subjective Performance
Evaluation

Extent of Deliberation (Fixation
Count)

Fixation Duration Time until Page Submit

Subjective Performance Evaluation R 1
Sig.

Extent of Deliberation (Fixation Count) R −0.062 1
Sig. 0.498

Extent of Deliberation (Fixation Duration) R −0.128 0.956** 1
Sig. 0.162 0.000

Extent of Deliberation (Time until page submit) R −0.004 0.253** 0.199* 1
Sig 0.965 0.005 0.028

Note: N= 122 **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). The subjective performance evaluation
is based on participants’ evaluations on a score from 0 to 10. Extent of deliberation (fixation count) is measured by the total fixation count observed on the area of
interest. Fixation duration is the sum of all fixations observed on the area of interest. Time until page submit is the time participants spend on the page that contained
the area of interest.
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evaluative disposition formed by managers when receiving information
about a subordinate’s performance on an objective measure early in an
evaluation. Thus, knowledge available to an individual prior to at-
tending to relevant information seems to drive this effect. In a more
deliberate decision mode, prior knowledge is more effectively updated.
Thus, this finding may also generalize to other biases such as the
memory bias (Woods, 2012) or the ‘halo effect’ (O’Donnell and Schultz,
2005).

As described in Woods (2012), it has been repeatedly found that
past performance evaluation often influences current performance
evaluation; however, it is often unclear as to why. Woods argues that
this effect is triggered by supervisors correcting measure deficiencies
and making current performance evaluation consistent with prior per-
formance, which signals that the current measure is less deficient and
more certain. Our findings may also provide a potential way of reducing
this bias. In a memory bias, prior performance of a subordinate may
also form an evaluative disposition because it pertains to past signals.
Thus, in a rather deliberate decision mode such an evaluative disposi-
tion stemming from signals in memory may be more effectively updated
than in a rather intuitive decision mode. This could be an avenue for
future research.

Further, the nature of the spill-over bias discussed and empirically
demonstrated in this study shares certain properties with the halo effect
reported in the accounting literature (e.g. O’Donnell and Schultz,
2005). The halo effect predicts a spill-over of the overall impression
about a company or person on specific attributes of the company or
person under investigation. The nature of the spill-over in our study is
between two attributes associated with individual performance: sub-
jective and objective performance measures. As such, our results may
also generalize to the halo effect. This needs to be examined more
closely in future research.

The comparison of fixation count with our additional measures of
fixation duration and time participants spent on the relevant page leads
us to conclude: first, that fixation count and fixation duration lead to
very similar results, and second, that the time measure also shows si-
milar results. In addition, the measure of time participants spent on the
overall experiment (as used in Bol and Smith, 2011) appears to be too
noisy to confirm results. Generally, this supports the notion that more
precise measures including eye tracking measures can yield additional
insights into the questions relevant to accounting research and practice,
such as subjective performance evaluation.

Considering evidence on constructs that determine judgment per-
formance in the accounting settings (e.g. Libby and Luft, 1993), the
notion of decision mode is associated with cognitive effort. The latter,
according to Libby and Luft, reflects the degree to which people engage
their knowledge and abilities to achieve a certain level of judgment
performance. Another determinant suggested by Libby and Luft is the
environment. Future research may explore the characteristics of the
environment that can be purposefully designed to reduce managers’
propensity to cognitive biases when they conduct performance eva-
luation.

Another potential avenue for future research into subjective per-
formance evaluation would be to investigate the enabling factors which
allow an individual to channel or change decision modes and processes.
As reported above, our results show that fixation count is independent
from the level of the objective measure. Yet this may provide initial
insights into how underlying cognitive processes associated with eva-
luative dispositions may work or may not work. High or low levels in
quantified objective performance measures do not seem to trigger dif-
ferent cognitive processing modes. If it is possible for performance
evaluation systems to influence supervisors’ cognitive processing
modes, then evaluations across supervisors could be made more con-
sistent as biases are reduced or eliminated altogether. In order to im-
prove decision-making, policy instructions may not only tell managers
what information to consider, but also how information should be
considered. Biases in subjective performance evaluation may be re-
duced by such instructions. However, the question remains whether
accounting systems should advise managers on the decision processes
to be used and whether such advice would be effective. While it may be
argued that for certain types of decisions, including performance eva-
luation, made by a limited number of people in an organization a
consistent approach across decision makers is preferable, additional
policy instructions could constrain the flexibility of supervisors.

Our analysis is limited to the extent that our research instrument
does not allow for a finer textual analysis disentangling different in-
formation cues of the subjective information. Analysis of the informa-
tion cues of different valence presented to supervisors in the context of
subjective performance evaluation could be another avenue for future
research. Further, while we provide evidence that our student subjects
behave in a similar way to experienced managers, it is clear that our
subjects possess far less knowledge, experience, and expertise in per-
formance evaluation. At the same time this may indicate that in real life

Fig. 2. Influence of Extent of Deliberation on
Subjective Performance Evaluation
(Comparison with Additional Measures).
Note: Dependent variable (y-axis): Subjective
Performance Evaluation (based on participants’
evaluations on a scale from 0 to 10).
Independent variable (x-axis): Extent of delib-
eration measured by the number of fixations on
the subjective information for (S1) and (S2),
total fixation duration for (S3) and (S4) and
time until page submit for (S5) and (S6). For
(S1), (S3) and (S5) the sample in the objective
measure treatment ‘high’ is used to estimate
linear regression functions. For (S2), (S4) and
(S6) the sample in the objective measure treat-
ment ‘low’ is used to estimate linear regression
functions.
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situations biases are even more likely because managers come with
more prior knowledge to evaluating measures that can influence eva-
luations in unwanted ways. Thus, in real life settings, issues around the
distortion of subjective performance evaluation are likely to be further
exacerbated through factors like incentives, personal relationships or
other confrontations.
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Appendix A

Technical Appendix
Neuro-technology, such as eye tracking, allows us to open the ‘black

box’ of human cognition and to get additional insights into how the
information used as an input into decision-making is being processed
and what its effects are on decision-making outcomes (Dickhaut et al.,
2010; Birnberg and Ganguly, 2012; Farrell et al., 2014). By proxying
cognitive processing through eye tracking measures, we extend the use
of eye tracking as a new method in accounting research (Rotaru et al.,
2018) and supplement behavioural survey data with eye tracking data.
The use of eye tracking allows us to investigate processing of subjective
information in a relatively directed and precise manner. In the fol-
lowing section we describe details of the eye tracking device and
parameters used in the study.

To analyze the eye tracking data, we use the Tobii Studio 3.2.1
software package, developed by the producers of Tobii T120 eye
tracking devices (Tobii Technology AB, Sweden). The process of fixa-
tion identification is supported by mathematical algorithms and sta-
tistical analysis approaches available in Tobii Studio 3.2.1 by the means
of selecting one of the inbuilt fixation filters. The filters determine how
the raw data reflecting eye fixations (e.g. fixation count, duration or
location) is going to be analyzed by the software. Therefore, this choice
is critical for appropriately capturing the eye movements (Tobii
Technology AB, 2012). The filters define the start and the end points of
the eye fixations and saccades. We use the IV-T fixation filter
(Komogortsev et al., 2010; Tobii Technology AB, 2012), which is one of
the most commonly used filters reported in the recent eye tracking
literature that uses Tobii technology (e.g. Lappi et al., 2013). The I-VT
Filter is based on the eyes’ angular velocity and operates on eye
movement data. As a result, the data is independent of screen size,
screen resolution and the distance between the stimulus and eyes (Tobii
Technology AB, 2015).

We set key parameters of the IV-T Tobii filter to define fixations. In
our case, a fixation is recorded when participants spend at least 60ms
fixating their eye gaze on a particular spot. In line with Rayner (1998),
Radach et al. (2008), Holmqvist et al. (2011), we set this threshold
relatively low as short fixations are commonly present during reading,
and our key area of interest contains textual information. The average
length of a single fixation in our relevant area of interest is 184ms
across all participants. The velocity threshold is set at 30 visual degrees

per second. As the eye is never completely still and experiences micro-
saccades or tremors (Rayner, 1998, Holmqvist et al., 2011) and en-
vironmental noise may occur in addition, the threshold is set at a level
that is not expected to interfere with the classification of eye fixations
and is appropriate given the varying levels of noise (Olsen, 2012; Olsen
and Matos, 2012). Above the velocity threshold, an eye movement is
classified as a saccade, which indicates the end of a fixation (Salvucci
and Goldberg, 2000).

Appendix B. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.mar.2018.03.001.
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