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Abstract  

While eye tracking is gaining popularity in IS research, pupillometry is relatively less explored in IS eye 
tracking studies. Research however suggests that pupillometry may serve as an excellent unobtrusive 
measure to study user information processing behavior. The Adaptive decision making theory asserts that 
task demand affects information processing behavior. Grounded in this theory, we argue that users’ 
pupillary responses will be different under different task conditions (task demand). We tested our 
assertion via an eye tracking laboratory experiment. Our results show that pupillary responses were 
significantly different under different task conditions.  
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Introduction 

Human eyes have a great deal of communicative power and as such examining eye movement data is 
gaining popularity in IS research (Djamasbi 2014). Pupillometry, however, is less explored in IS eye 
tracking studies.  Research suggests pupillometry may serve as an excellent unobtrusive measure to study 
user information processing behavior. For example, studies show pupil dilation has a direct relation to 
mental activities (Bailey and Iqbal 2008, Hess and Polt 1964). Pupil dilation can be measured 
continuously during processing of a task. This would enable pupillary data to be a potentially robust 
measure of cognitive load (Beatty 1982, Iqbal et al. 2004). In addition to the pupil dilation, there is 
indication that variability in pupil dilation may also reveal users' cognitive load (Fehrenbacher and 
Djamasbi 2017). The relationship between cognitive load and pupil dilation variation (PDV) also has been 
supported by an IS study that shows a positive relationship between PDV and task difficulty (Chen S. et al 
2011).  

Grounded in the theory of adaptive decision making (Payne et al. 1993), which asserts that people choose 
an information processing behavior based on the demand placed on their cognitive resources, we argue 
that pupillary responses are likely to carry information about task condition and characteristics. We test 
this assertion via an eye tracking laboratory experiment.  

Theoretical Background 

Research shows pupillary data can serve as a reliable measure of cognitive effort. For example, Beatty and 
Kahneman (1966) observed an increase in pupil size as people completed harder tasks. Similarly, Chen et 
al. (2011) observed a positive relationship between pupil size and task difficulty (i.e., recalling the number 
of player positions in a basketball game).  Klingner et al.  (2011) measured pupil dilation during a mental 
multiplication; and found that easy-multiplication problems triggered the smallest pupil dilations and 
hard problems the largest. More recent IS scholars also suggest that pupil dilation is a reliable proxy of 
cognitive load (Klinger et al. 2008, King 2009, Piquado et al. 2010, Zhan et al. 2016).   
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Some recent IS studies have examined the relationship between cognitive load and pupil dilation variation 
(PDV). PD is defined as the size of pupil diameter (Kahneman and Beatty 1996) and PDV is defined as rate 
of change in pupil dilation measured as standard deviation of pupil dilation (Shojaeizadeh et al. 2015, 
Buettner et al. (2015)). For example, Buettner et al. (2015) showed that PDV has a positive relationship 
with performance, and argued that PDV is an appropriate measure of cognitive demand in IS research. 
Shojaeizadeh et al. (2015) measured average PD and PDV during a complex problem solving task, and 
suggested PDV may be a more sensitive measure of cognitive load, as compared to PD for complex 
problem solving tasks. They found a significant correlation between PDV and cognitive load, whereas they 
did not find a strong correlation between PD and cognitive load.  

A recent study provided evidence that task condition has an impact on pupillary response, and suggested 
the adaptive decision making theory may serve as a suitable theoretical framework for IS decision making 
eye tracking studies (Fehrenbacher and Djamasbi 2017). According to adaptive decision making theory 
(Payne et al. 1993), people choose an information processing behavior based on the demand placed on 
their cognitive resources. Grounded in this theory, we argue different task demands impact cognitive 
resources in different ways. This, in turn, is likely to impact how people manage their cognitive loads and 
thus is likely to impact their pupillary responses.  Therefore, we hypothesize:  

H1) Pupil dilation (PD) will be different in different task conditions. 

H2) Pupil dilation variation (PDV) will be different in different task conditions. 

Methodology 

We recruited 54 volunteers to participate in our eye-tracking study. Participants were randomly selected 
among college students (between the age of 18 and 24) in a northeastern university with technical 
disciplines. Before starting the task, each participants went through a short calibration process. The task 
required participants to read a text passage and answer two questions about the passage they just read. 
The text passage and the questions were displayed on the same screen. Participants were randomly 
assigned to one of the two text conditions (original or simplified). The passages used in this study were 
adopted from a previous study (Djamasbi et al. 2016-b), where the authors indicated that participants 
who read the simplified version of the passage experienced less cognitive load and performed significantly 
better in reading  comprehension. The original passage in Djamasbi et al. (2016-b) study was simplified 
using plain language standards from their previous study (Djamasbi et al. 2016-a). One of the questions 
about the passage was literal and the other was inferential. To avoid order effect, the order in which the 
questions were displayed on the screen was randomized. Cognitive load was manipulated as task demand 
or task condition in two ways: 1) reading an original passage, 2) answering to inferential question. 

To capture eye-movements we used Tobii x300 and Tobii studio 3.2.3. For each participants, two video 
segments were created: one capturing user eye movement activity when completing the inferential 
question and one when completing the literal question.   

Data Analysis 

Because the task was not timed task duration was different among participants, which resulted in 
different PD and PDV data points for each participant. To standardize the number of PD and PDV values 
we used a cubic spline interpolation (McKinley and Levine 1998). We then computed the average PD 
time-series of 26 subjects who were given the original version of the passage, and then 28 subjects who 
performed the task on a simplified version. The same procedure was also applied to PDV data. This 
process allowed us to obtain a similar length of data for every participant who completed the task in the 
original or simplified text conditions. 

Results 

Hypotheses testing 

To test our hypotheses, we investigated pupillary responses to 1) text type (original/simplified), and 2) to 
question type (inferential/literal). We performed two mixed model ANOVAs, one for PD and one for PDV.  
The results (Table 1 and Table 2) indicate that PD values for people in the simplified text condition were 
significantly different from the PD values for people in the original text condition (F(1,477)=16.92 and p-
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value=0.00). Additionally, the results show that when answering a literal question compared to when 
answering an inferential question, PD values were significantly different (F(1,477)=65.71, p-value=0.00). 
Further, the results show that PD values were impacted significantly by the interaction between the type 
of text (simplified vs. original) and the type of question (inferential vs. literal) (F(1,477)=22.29, p-
value=0.00). The pairwise comparisons show that in the simplified text condition PD during responding 
to an inferential question was significantly different from PD during answering a literal question (PD-
inferential=2.992±.003 vs. PD-literal=3.007±.004, F(1,477)=47.72, p-value=0.00).  However, we did not 
observe the same in the original text condition (PD-inferential=2.994±.004 vs. PD-literal=2.998±.004, 
F(1,477)=1.18, p-value=0.28) (Table 2). 

PDV values for people in the simplified text condition were also significantly different from the PDV 
values for people in the original text condition (F(1,524)=85.17, p-value=0.00). Similarly, PDV values 
were also significantly different between literal and inferential questions (F(1,524)=11.12, p-value=0.00). 
The results, however, did not show a significant interaction effect (F(1,524)=0.43, p-value=0. 52). In other 
words, regardless of the type of passage the participants read (original or simplified) their PDV was 
significantly affected by the type of questions they answered (Table 3). The results of pairwise 
comparisons in Table 4 show that PDV in the original text condition was significantly different between 
inferential and literal questions (PDV-inferential=0.0060±0.0002 vs. PDV-literal=0.0066±0.0002, 
F(1,524)=58.80, p-value=0.00). PDV in the simplified text conditions was also significantly different 
between inferential and literal questions (PD-inferential=0.0041 ± 0.0001 vs. PD-literal=0.0049 ± 
0.0002, F(1,524)=31.97, p-value=0.00). 

 

 F(1,477) p-value 

Original_Simplified 16.92 0.00 

Inferential_Literal 65.71 0.00 

Interaction  22.29 0.00 

Table 1. Results of mixed model ANOVA 
comparing the means of PD among 

literal and inferential questions 

 

 

 

 

 

 

 

 

 

 

These results together support our hypothesis that different task demands significantly affect PD and 
PDV. The results also support the assertion that question type also affects PD and PDV values.  The results 
show an interaction effect between text type and question type on PDV, but not on PD. 

 

 

 

Task Condition Question type Mean ± SD F(1,477) p-value 

 

Original Text 

Inferential 2.994 ±.004  

1.18 

 

0.28 Literal 2.998 ±.004 

 

Simplified Text 

Inferential 2.992 ±.003  

47.72 

 

0.00 Literal 3.007 ±.004 

Table 2. Descriptive statistics and pairwise comparison 
between means of PD in different task conditions 
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 F (1,524) p-value 

Original_Simplified 85.17 0.00 

Inferential_Literal 11.12 0.00 

Interaction  0.43 0.52 

Table 3. Results of mixed model ANOVA comparing 
the means of PDV among literal and inferential 

questions 

 

 

 

Exploratory Analysis 

A recent study shows that examining pupil data in various time intervals is useful (Fehrenbacher and 
Djamasbi 2017). The purpose of this exploratory study is to understand how users experience cognitive 
load during different periods of making decision. This is because Fehrenbacher and Djamasbi (2017) 
showed that the way people distribute their effort over the decision time in order to complete a cognitive 
task varies within different time intervals. Here the objective was to see whether we can see the same user 
behavior pattern when it comes to making decisions in answering questions about an original passage and 
its simplified version. Therefore, we divided the interpolated time into three equal size portions as it was 
suggested by Fehrenbacher and Djamasbi (2017): beginning, middle and end, and investigated the 
differences in the means of PD and PDV during these time intervals. As mentioned earlier, because the 
task was not timed task duration was different among the participants, which resulted in different PD and 
PDV data points for each participant.  To standardize the number of PD and PDV values we used a cubic 
spline interpolation (McKinley and Levine 1998). Therefore, the number of data points in each time 
interval is equivalent in the both task conditions (literal vs. inferential questions). Next, we performed two 
separate two-way ANOVAs. The first ANOVA tested whether PD during answering the inferential 
question (PD-inferential) was significantly different between different text conditions during different 
time intervals (PD-inferential); and the second ANOVA tested the same effects on PD but this time during 
answering the literal questions (PD-literal).  

The results displayed in Table 5 show that, when answering inferential and literal questions, PD values for 
participants in the simplified text condition was not significantly different from PD values for participants 
in the original text condition during both inferential and literal questions. In other words, the results do 
not show a main effect for text type on PD-inferential (F(1,950)=0.13, p-value=0.72) as well as on PD-
literal (F(1,1042)=3.42, p-value=0.07). The results however show that PD values were significantly 
different during the three time intervals (F (2,950) = 23.14, p-value=0.00). Furthermore, the results show 
that PD values were significantly affected by the interaction between the text type condition and time 
interval divisions (F(2,950)=7.59, p-value=0.00) during the inferential question. Results also show that 
PD values were not significantly affected by the interaction between the text type condition and time 
interval divisions during the literal question (F(2,1042)=0.58, p-value=0.56). Figure 3a shows the 
pairwise comparison between PD of the original text condition and PD of the simplified text condition 
during the three different time intervals and during inferential question. Results show that PD value 
during the simplified text condition is significantly different from PD value during the original text 

Task Condition Question type Mean ± SD F(1,524) p-value 

 

Original Text 

Inferential .0060± .0002  

58.80 

 

0.00 Literal .0066 ± .0002 

 

Simplified Text 

Inferential .0041 ± .0001  

31.97 

 

0.00 Literal .0049 ± .0002 

Table 4. Descriptive statistics and pairwise comparison 
between means of PDV of different task conditions 
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condition during the beginning and middle time intervals but not during the end time interval. An upward 
trend for PD values can be observed in both text conditions suggesting more intense cognitive activity at 
the end, when users were making decisions (selecting answers for an inferential question). This figure also 
shows opposite trends, in different text conditions, in the beginning and the middle time intervals.  

 

 Inferential Literal 

 F p-value F p-value 

Original_Simplified 0.13 0.72 3.42 0.07 

Intervals 23.14 0.00 28.30 0.00 

Interaction  7.59 0.00 0.58 0.56 

Table 5. Results of ANOVA for PD within different time 
intervals during inferential and literal questions 

 

(a) Inferential Question 

 

(b) Literal Question 

 

Figure 3. Average values of PD during three different time intervals 
(beginning, middle, and end) and two text conditions (original vs. 
simplified), and two different questions (inferential vs. literal) 

 

Figure 3b shows the pairwise comparisons between PD-literal values in the original text condition, and 
PD-literal values in the simplified text condition during different time intervals. Results show that PD was 
not significantly different during any of the three intervals between the simplified and the original text 
conditions (PBeginning, PMiddle, PEnd > 0.05).  

Next, we investigated the differences in the means of PDV during the three time intervals: beginning, 
middle, and end.  As before, we conducted two separate two-way ANOVAs, one for PDV values captured 
during answering an inferential question (PD-inferential), and one for those collected during answering a 
literal questions (PD-literal).  

The results of ANOVA and pairwise comparisons are indicated in Tables 6 and Figure 4 for PDV during 
inferential and literal questions. As shown by the results, PDV is significantly different between simplified 
and original text conditions. PDV values are also significanlty different during different time intervals 
when answering an inferential question. There is also a significant interaction effect between text type and 
time intervals during inferential questions.   

The results of ANOVA for literal questions were different from those obtained for the inferential questions. 
The results in Table 6 show that PDV values were significantly different between two text conditions, but 
they were not significantly different during the three time intervals. There was also no significant 
interaction effect (F(2,1044)=1.20, p-value=0.30) between text condition and time intervals. This suggests 
the significant effect of text condition on PDV did not depend on the time interval when answering literal 
questions. Results of the pairwise comparison in Figure 4a indicate that, only during the last time interval.  
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 Inferential Literal 

F p-value F p-value 

Original Simplified 59.03 0.00 32.91 0.00 

Intervals 26.25 0.00 0.83 0.44 

Interaction  8.89 0.00 1.20 0.30 

Table 6. Results of ANOVA for PDV within different time 
intervals during inferential and literal questions 

 

PDV is not significantly different between original and simplified text conditions; and that PDV is 
significantly different during the first and second time intervals for the beginning interval and for the 
middle interval. A downward trend for PDV can be observed in both text conditions during answering 
inferential questions. The downward trend is more pronounced in the original text condition. At the end, 
when participants were making decisions, PDV values were quite similar. A downward trend for PDV can 
be observed in both text conditions during answering literal questions (Figure 4b). There was a slight 
increase in PDV values in the middle of the original text condition and a slight decrease in PDV in the 
middle of the simplified text condition. 

 

(a) Inferential Question 

 

(b) Literal Question 

 

Figure 4. Average values of PDV during three time intervals (beginning, 
middle and end), two different text conditions (original vs. simplified), and 

two different questions (inferential vs. literal) 

 

Discussion and Conclusion 

The main objective of this paper was to test whether differences in task demand could be detected via 
pupil data.  Because pupil dilation and variation have been associated with cognitive activity, we 
hypothesized that pupillary responses were likely to reflect task demand in our study (simplified vs. 
original text conditions; and answering inferential vs. literal questions).  The results of ANOVA tests 
showed there was an overall significant difference in PD and PDV between the two text conditions and the 
two types of questions.  While the results showed an interaction effect between text conditions and 
question type for PD, no interaction effect was observed for PDV.  These results support our hypotheses. 
We also conducted exploratory ANOVA tests to refine our understanding of the results.  We divided the 
task time into three intervals, and investigated PD and PDV values in each interval. Prior research 
indicate that studying PD and PDV during different time intervals could provide interesting insights for 
future pupillometry studies (Fehrenbacher et al., 2017). Supporting the results of previous research, our 
data showed larger pupil dilation at end of decision period. Our results also supported the finding of this 
prior research, which showed higher PD values were associated with lower PDV values.   
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Our results have important implications. First, supporting the results of a recent exploratory study 
examining the impact of four different task demand on pupillary responses (D. Fehrenbacher et al., 2017), 
our results show that PD and PDV can carry information about task condition. It is important to note that 
both the task and task conditions in the previous study were different from the task and task conditions in 
our study. Hence, our results provide evidence for the robustness of pupillometry in IS research.   

The results also show that examining pupil data in various time intervals can provide valuable insight. For 
example, our results showed an upward trend for PD values during the decision time. This trend is 
consistent with prior research (Fehrenbacher et al., 2017). The upward trend of pupil dilation during the 
last parts of decision period is consistent with observations of pupil dilation trends in the study by 
Einhauser et al. (2010). The upward trend in pupil dilation for both inferential and literal questions at the 
beginning of decision periods suggests that participants were experiencing increased cognitive load at the 
beginning of the decision task (especially in the original text condition). The results also showed that 
during inferential question the difference in PDV values between text condition depended on the time 
interval of the decision task, they were signficatly different at the beginning and in the middle of the task 
but not signficantly different at the end.  This suggests that people in the two different text conditions may 
have used different information processing strategies at the begining and in the middle of the task but 
used the same strategy at the end. Our results suggest that PD and PDV can provide continuous 
measurement of cognitive load in a decision task. Future research is needed to examine these possibilities. 
Future studies can benefit from our findings which suggest calculating PDV as well as PD within different 
time intervals is likely to provide a more comprehensive understanding of cognitve load in cognitive tasks. 
In this study we looked at three different time intervals, however, future studies can explore whether 
breaking the total time into smaller intervals (more time intervals) can improve understanding of user 
cognitve load.  

As in any laboratory experiment, the results of our study are limited to the setting and the task used. We 
used a single text passage. More text passages with varying level of complexity are needed to replicate our 
results.  The participants in our study were college students. Different participant groups can help to test 
whether the results extend to other populations.  

Contribution  

Grounded in the adaptive decision making theory and the results of a previous exploratory research we 
hypothesized that pupillary responses carry information about task conditions. The results of our study, 
which support our assertion, suggests that pupillometry may serve as an unobtrusive method to detect a 
user experience of task conditions. Our study provides a framework for examining information processing 
behavior continuously via eye tracking. Future studies can benefit from the results of this research, which 
suggest that in addition to PD, PDV can provide valuable insight from user’s cognitive load in a cognitive 
task.  
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