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1 Introduction 

While a user’s mental workload can be evaluated by pupillary-based eye-tracking [1-

8], environmental (e.g. luminescence [9]) and factors other than workload related 

mental processes (e.g. emotional arousal [10]) also influence a user’s pupil size. 

In order to detect luminescence changes, which were reflected in sustainable shifts 

of the user’s pupil size, we apply the concept of stationarity analysis. A stationary 

process is a stochastic process Xt whose probability distribution does not change 

when shifted in time t: E(Xt) = E(Xt-1) = ; Var(Xt) = γ0 < ∞, Cov(Xt, Xt-1) = γk. While 

a stationary pupil size signal has been discussed as a precondition for assessing men-

tal workload [11, 12], no pupillary signal related guideline exists. 

2 Methodology 

2.1 Applying the NeuroIS guidelines 

In order to clearly contribute to NeuroIS research and show strong methodological 

rigor, we followed the NeuroIS guidelines established by vom Brocke et al. [13]. In 

particular, to assess prior research in the field of measuring mental workload as an 

important IS concept, a comprehensive literature review was conducted (cf. [14]). To 

base the experimental design adequately on solid research in related fields of neuro-

science [15] we reviewed the fundamental anatomic mechanism of the pupillary dila-

tion controlled by the vegetative nervous system and the key role of the Edinger-
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Westphal nucleus that is inhibited by mental workload and directly leads to a pupil-

lary dilation. The methodology uses eye-tracking-based pupillometry as a well-

established approach in physiology and psychology for “widening the 'window' of 

data collection" [15, p. 93]. With this method, bio-data (i.e. pupil diameter) can be 

used to better understand mental workload as an IS construct (cf. guideline 4 of [14]). 

In comparison to other neuroscience tools, eye-tracking-based pupillometry is the 

contact-free and efficient method of choice [16]. I applied the guidelines and stand-

ards from Duchowski [17] and the Eyegaze Edge
TM

 manual. 

2.2 Measurements 

To capture the pupillary diameter, eye-tracking was performed using the binocular 

double Eyegaze Edge
TM

 System eye-tracker paired with a 19" LCD monitor (86 dpi) 

set at a resolution of 1280x1024, whereby the eye-tracker samples the pupillary diam-

eter at a rate of 60 Hz for each eye separately. 

2.3 Stimuli and test procedure 

Following Beatty [18] and Hess & Polt [19] we manipulated mental workload using 

two well-documented experimental settings in psychology. In the first stage our par-

ticipants had to memorize and reproduce numbers consisting of three to nine digits 

[18]. In this stage the luminescence changes on the computer screen were small, with 

only numbers on a bright background presented, which were interrupted by bright and 

light green break slides. In the second stage, we showed a fixed order of dark and 

bright screens [black (5s)  white (5s)  black (5s)  white (2s)] without any men-

tal task. In the third stage the participants had to solve four arithmetic multiplication 

problems representing a high cognitive demand level as documented [19]. 

5 8 6

...

...

...

...

...

0 4 3 2 9 7 9 0 2

Memorizing task Luminescence change

black screen (5s)

white screen (5s)

Arithmetic task

black screen (5s)

white screen (2s)

7 x 8

8 x 13

13 x 14

16 x 23

 
Fig. 1. Test procedure 

Prior to all data collection, each test participant was welcomed by the experimenter 

(supervisor of the experiment). After that the participant was asked to fill out a con-

sent form and also a questionnaire with demographics. After that, we took the neces-

sary precautions for the experiment, in which we make use of the eye-tracking sys-

tem. Hence, the eye-tracker was calibrated. In the next stage, the experiment began 

with the memorizing task, followed by the luminescence change stage without mental 
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workload before the participants were invited to solve the last mental workload task 

(arithmetic) (Fig. 1). 

 

2.4 Augmented Dicker-Fuller test 

The Augmented Dickey-Fuller (ADF) test evaluates if a time series variable follows a 

unit-root process. The null hypothesis is that the variable contains a unit root, and the 

alternative is that the variable is generated by a stationary process. 

To calculate the ADF statistics we used the tseries package within the R x64 3.3.3 

environment [20]. 

3 Results 

3.1 Sample characteristics 

Twelve volunteers (six females) aged from 21 to 38 (M=26.2, SD=4.1) participated. 

3.2 Stationarity test results 

Table 1 shows the Augmented Dickey-Fuller t-statistic test results while small p-

values suggest that the pupillary size time series is stationary. Vice versa, large p-

values indicate non-stationarity. 

Table 1: Stationarity test results 

Parti-

cipant 

Mental workload 

task (memorizing) 

Luminescence change 

(no mental workload)  

Mental workload task 

(arithmetic) 

left eye right eye left eye right eye left eye right eye 

1 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.48) 

Non-stationary 

(p = 0.52) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

2 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

NA (to less  

data points) 

NA (to less 

data points) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

3 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.59) 

Non-stationary 

(p = 0.33) 

Stationary  

(p < 0.05) 

Stationary  

(p < 0.1) 

4 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.50) 

Non-stationary 

(p = 0.69) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.05) 

5 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.62) 

Non-stationary 

(p = 0.47) 

Stationary  

(p < 0.05) 

Stationary  

(p < 0.1) 

6 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.39) 

Non-stationary 

(p = 0.73) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

7 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.54) 

Non-stationary 

(p = 0.66) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

8 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.50) 

Non-stationary 

(p = 0.74) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.05) 

9 Stationary  Stationary  Non-stationary Non-stationary Stationary  Stationary  
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(p < 0.01) (p < 0.01) (p = 0.28) (p = 0.43) (p < 0.01) (p < 0.01) 

10 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.37) 

Non-stationary 

(p = 0.31) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

11 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.44) 

Non-stationary 

(p = 0.42) 

Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

12 
Stationary  

(p < 0.01) 

Stationary  

(p < 0.01) 

Non-stationary 

(p = 0.69) 

Non-stationary 

(p = 0.80) 

Stationary  

(p < 0.05) 

Stationary  

(p < 0.1) 

4 Discussion, limitations and future research 

As shown in Table 1, the ADF test identified with 100 percent accuracy whether the 

related pupillary size time series is stationary or not. 

The results can be used in NeuroIS research evaluating the stationarity of pupillary 

signals to exclude unidirectional luminescence changes, typically caused by sunrise, 

sunset or monitor brightness changes – which regularly occurred in non-laboratory 

environments [1, 21]. The method could be applied as a precondition of mental work-

load assessment excluding some biases in pupil size. However, it should be men-

tioned that short-time balanced pupil changes, for instance caused by a user’s emo-

tions [10] or the pupils’ light reflexes [22] cannot be detected using this method. 

Spectral analysis based procedures such as the calculated Index of Cognitive Activity 

[22-24] could subsequently be applied to exclude the effect of pupils’ light reflexes. 

Since we only compared two extreme scenarios (either a mental workload task 

without a substantial luminescence change or a substantial luminescence change 

without a mental workload task) future work should verify the ADF results through a 

two times two factor design (mental workload task yes/no times substantial lumines-

cence change yes/no). 
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