














































































































































































































































































































CHAPTER 5. VALIDATION

For each of the metrics from the proposed approach the Spearman’s correlation co-

efficient was calculated in relation to time. For each subtask of the usability study, the

metrics and time were normalised before the Spearman’s correlation coefficient was cal-

culated. Figure 5.8(a) and 5.8(b) show the normalised FDI and SLItotal metrics against

the normalised time, for each subtask and each participant. Table 5.7 shows Spearman’s

correlation for each of the indices from the proposed approach.

(a) FDI/time correlation (b) SLItotal/time correlation

Figure 5.8: The correlation between normalised FDI and SLItotal metrics and time normalised

for every task and every participant.

Index FDI SDI−1
eliminated SDIremainder SLItotal SLIaverage

Spearman’s correlation 0.75 0.21 0.77 0.63 0.02

Table 5.7: The Spearman’s correlation coefficient of each index from the proposed method in

relation with time.

The first performance measure is the FDI, which showed a strong correlation of 0.75

with relation to time. The strong correlation indicated that the FDI, just as time, was

an indication of the performance of the participant. Considering Figure 5.8(a), the FDI

value was not directly proportional to the time, there was some variation. The FDI

value provided additional information on the behaviour of the users. Participants could

have a high FDI value, but completed the task in a relatively short time, showing that

the users were effective in completing the task, even though they deviated from the

benchmark user. This could highlight more than one efficient way in which the task

could be completed, depending on the user group.
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CHAPTER 5. VALIDATION

There is a very weak correlation between the inverted SDI−1
eliminated and time, of only

0.21. The SDIeliminated value depicted the percentage of paths that the participant fol-

lowed, which were similar to that of the benchmark user. Unlike the FDI, the SDIeliminated

is not a measure of how much the participant deviated, but it is a measure of similarity.

The SDIremainder depicted how much the scan paths of the participant differed from the

benchmark user. This measure also has a strong correlation of 0.77 against time, which

can also be used as a performance measure.

The last set of metrics is the saccade length. The SLItotal is the sum of the length

of all the remaining saccades. This is another indication of how much the participants

deviated in terms of distance, another performance measure as indicated by the strong

correlation of 0.63 relative to time. The correlation is slightly lower than the FDI and

SDIremainder, because of the values being more disperse, see Figure 5.8(b). The SLIaverage

has a very weak correlation, of 0.02, in relation to time, indicating that the SLIaverage

is not a measure of performance. The SLIaverage is used to determine the type of eye

movements that occurred, not how much the participant deviated.

In eye tracking usability studies, both the fixations and saccades are used as per-

formance metrics. Even though they are both performance metrics, like time, different

information can be extracted from these metrics. The correlations between some of the

indices produced by the proposed method shows that they can be used as performance

metrics, but they provide additional information concerning the amount of deviation.

Despite the fact that the SDI−1
eliminated and SLIaverage does not have a strong correlation

with time, these metrics provide valuable insight into the type of eye movement and the

similarity of the scan path followed with relation to the benchmark user.

5.8 Expert analysis comparison

This section compares the findings from the proposed approach and that of an expert

analyst. As discussed in Section 3.6.5, an expert analyst investigated the usability of

the BiYP application, by watching replays of the eye tracking data captured during the

usability study. The major usability issues identified by the expert are compared to the

usability issues identified in the proposed approach when it was applied to the Validation
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CHAPTER 5. VALIDATION

study.

The expert manually investigated the time it took to complete the tasks and identified

Task 3 as a task that could be completed relatively quickly, but most participants took

excessively long to complete the task. The same observation was made for the subtasks

of Task 3 in the initial inspection of the proposed approach metrics, see Section 5.4.

The expert also identified three main usability issues while analysing the recorded

eye tracking data. The one issue occurred because the usability test was not performed

on a touch screen, as the system was designed to be used. This issue will not be taken

into consideration. The remaining two usability issues relate to Task 3 and are compared

to the BDA and BDV findings of the proposed approach as can be seen in Table 5.8.

Similar observations can be made from the proposed approach in the investigated

tasks as from the expert review. The proposed approach also provides detail into the

type of eye movement, such as searching, scanning and reading. It takes a fraction of

the time to investigate a single image, produced by the proposed approach, compared to

watching a replay of the eye tracking data several times. The metrics provided by the

proposed approach also supply the necessary data to select participants to investigate

further, compared to the participants who were selected randomly by the expert analyst

to investigate. This supports the automated proposed approach as a feasible method for

analysts to utilise and investigate eye tracking data.
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CHAPTER 5. VALIDATION

UI Expert Findings Proposed Approach Findings

Main

Menu

In order to view previous orders,

the users were expected to se-

lect the ‘Shop’ item, which was

counter–intuitive. The descrip-

tion of the menu item did not pro-

vide the necessary information to

the users that the orders could

be viewed by navigating to the

‘Shop’ service. The participants

scanned up and down the main

menu to find the correct item.

One of the participants selected a

help icon from the bottom menu,

other participants just looked at

the menu for assistance.

This usability issue relates directly to sub-

task Main T3, the subtask with the second

highest deviation. Some participants repet-

itively scanned the headings of the menu

items looking for the item to select, as the

‘shop’ description was not sufficient. Even

though participants 1008, 1012 and 1030

read the menu items as can be seen by the

BDVs, the high deviation indicated that the

descriptions were not sufficient to complete

the task efficiently. The bottom menu was

considered by the participants to provide

help after the titles and descriptions of the

menu items were not sufficient. Different

scan patterns could be seen between users

who read the descriptions and those who

just scanned the headings.

Orders

Header

The participants had to navigate

to the page by selecting ‘orders’ at

the top, right of the screen. All of

the participants eventually navi-

gated to this page either on pur-

pose or by accident. The ‘order’

title was very light and the word

was cut–off. This made it very

difficult for the participants to de-

termine how they should navigate

to the order history.

Subtask Category T3, the subtask with the

highest deviation also reflected this usabil-

ity issue. The participants deviated to the

wholesaler name repetitively and considered

the categories a few times, but most of their

attention was on the top and bottom of the

interface. Very little attention was paid to

the ‘order’ title, thus the heading did not

draw the attention of the users. There was

excessive searching in the header of the in-

terface, shown by the number BDVs that

each highlight a repetitive path followed.

Table 5.8: Comparison of findings of the proposed automated method and the expert findings

on the Validation study.
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CHAPTER 5. VALIDATION

5.9 Conclusion

This chapter showed how the proposed approach can be applied, especially to larger

datasets. By applying this method to the large dataset, usability issues could be identi-

fied from the eye tracking data, by automatically generating metrics and visualisations.

The data comparison is numeric, which removes biased analysis, allowing analysts to

identify tasks or subtasks where the participants show high deviation. The metrics also

provide insight into the type of eye movement while completing a task, automatically pro-

viding rich numeric data for the analyst. This chapter highlighted the power of filtering

through the data and focusing on problematic tasks, in order to save time in the analysis

process. The visualisations provide user interface related information by visualising the

fixation and scan path data of the selected tasks onto the relevant interface.

The correlation between time and the FDI, SDIremainder and the SLItotal, emphasises

the use of the metrics produced by the proposed approach to be used not only to anal-

yse the performance while completing a task, but also provides additional comparative

information. The comparison of the main identified usability issues of the expert analyst

investigation correspond to the findings produced by applying the proposed approach,

which took a fraction of the time.
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Chapter 6

Conclusion

The problem addressed by this study is the tremendous amount of time an expert needs to

spend analysing eye tracking data and the amount of knowledge needed to identify usabil-

ity issues. This chapter contains a summary of the main results as well as suggestions

for some future direction regarding the current research.

6.1 Summary of findings

This research study was conducted with the aim to minimise the time spent and system

knowledge required by an expert analyst to analyse eye tracking usability data – but

still gain insight into the usability of the applications.

Knowledge was gained in the field of eye tracking and usability testing to form a good

foundation and understanding of these two fields and how they can be used together to

provide insight into usability testing. The research investigation then became more

focused on the automation of eye tracking data analysis, to understand what has been

done and to build on the work of other researchers. Various ways to visualise eye tracking

data and visualisation design aspects were investigated to apply the knowledge acquired

in this study.

Two usability studies were conducted in a lab–based environment capturing eye

tracking data and an expert analysed the data. This was resource intensive and time–

consuming work, but a number of usability issues were identified. During the devel-
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opment of the proposed automated method, the expert findings served as a basis with

which to compare the results of the Pilot study. This was done to ensure that the met-

rics and visualisations provided similar information. For the Validation study, the expert

findings were used to investigate the results of the proposed automated methods when

applied to a larger dataset.

The first objective was to develop a method to derive comparative metrics from

eye tracking data. To achieve this, benchmark user eye tracking data was used as a

baseline against which the eye tracking data of the other participants were compared.

Resulting quantitative, comparative metrics indicated to what extent the participants’

eye movement differed from the visual strategy of the benchmark user. These average

metrics were used to filter through the eye tracking data to identify tasks where a lot

of deviation occurred. Further investigation into the metrics provided information in

the deviation and eye movements of specific users for a task. The same Pilot study task

with usability issues, as identified by the expert analyst, was highlighted by the proposed

automated method.

Selecting a benchmark user was the second objective. The benchmark user could

either be a user proficient in the application at hand or one of the participants who

showed the best performance throughout the usability study. The criteria according

to which the benchmark user is selected should be predefined and is dependent on the

software being tested. Multiple benchmark users can be used; one for each task or even

a benchmark to represent each user group. For the two usability studies applied in this

study, a benchmark user was selected per task and subtask, based on eye tracking and

usability performance metrics.

The third objective was to visualise where on the user interface usability issues oc-

curred. The fixation metric provided insight into the areas on the user interface where the

deviation occurred and the saccade metrics indicated repetitive deviation paths followed

between components. The visualisations were generated for tasks with high deviation

indices. Only the fixation and saccade data where high deviation occurred was superim-

posed back onto the original user interface. Using these visualisations, similar usability

issues were recognised as were identified by the expert analyst.

The last objective was to apply the proposed approach to a larger validation usability
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study and investigate the feasibility. The results from an independent expert–based study

was compared to the results from the Validation study. Similar tasks with usability issues

were identified by the proposed method and the expert analyst. Furthermore, similar

usability issues were deduced from the visualisations produced by the proposed method,

as was identified by the expert analyst.

6.2 Conclusions

The following conclusions can be deduced from the findings:

• The eye tracking data of a benchmark user can be used as a baseline against which

to compare eye tracking data of other users.

• In usability testing, a benchmark user who completed a task effectively and effi-

ciently, can be utilised to automate the process of analysing eye tracking data.

• Deviation indices produced by the proposed approach highlight tasks with usability

issues. It can be used by an expert to filter through large datasets and identify

specific tasks as well as users that require further investigations, reducing the time

that is required for an analyst to go through the entire eye tracking dataset.

• The resulting benchmark deviation indices and visualisations provide analysts with

information that can be used to identify usability issues of an application in a

reduced time frame.

• It is assumed that the benchmark user focuses on all the necessary components

on the user interface to complete the task. This makes the proposed method user

interface independent, minimising the knowledge the expert analyst needs with

regard to the tested application.

6.3 Future work

The following section discusses a number of ways to extend the current work, as well as

some opportunities to apply the work in other scenarios were identified.
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6.3.1 Alternative benchmark users

The participant selected as the benchmark user, for comparison, has a direct effect on

the results. Research has shown the difference between visual strategies of men and

women [189]. Therefore, selecting an appropriate benchmark user (according to gender,

age, or other demographic information) is crucial. An interesting study would be to note

the effect of selecting a benchmark user for every demographic group in the study.

Studies have made use of benchmarks mapped out by expert analysts [98, 115, 178].

By adopting this strategy, it is possible to investigate the effect on the deviation indices,

if an application expert manually maps out the expected visual strategy, which is then

used as the benchmark user data.

In this study, most of the participants followed a different path from that of the

benchmark user while completing subtask 9. For future work a feed backward system

can be considered, similar to the strategy used by the WebRemUSINE tool [151]. A

participant can be added as a benchmark user, who had similar visual strategies than

the majority of other users and completed the task effectively and efficiently. For such

a system multiple benchmark users can be considered based on the visual strategies

followed by the users.

6.3.2 Extensions to mobile and dynamic user interface

The current method is designed for static screens as the eye movements are relative

to the components on the user interface. Future work could investigate how to use a

benchmark user to produce deviation indices on a dynamic user interface. One of the

options is to create a database of fixations, the components focused on, and the time the

fixation occurred, as was done with the WebEyeMapper tool [170]. The database will

allow comparison of eye movement deviation relative to the components on the screen,

overcoming the dynamic movements of the user interface.

The main reason why the mobile applications utilised in this study were evaluated

through the use of an emulator, was because of the limitation of the available eye tracking

devices for mobile phones. Screen capture of the mobile user interface was not available

and would have been recorded by means of a video camera. The mobile device had to
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be set up in a stationary position relative to the eye tracker, which did not allow for

natural mobile usage. With the latest technology [60], this can be overcome by small

infra–red eye trackers that can be attached to mobile devices. Another solution is to

record the eye tracking data relative to the user interface components as was done with

the WebEyeMapper tool.

6.3.3 Investigating the effect of parameters

The proposed method requires two threshold values for the SDI process and two addi-

tional values for the BDA and BDV visualisations. The first threshold is the saccade

elimination threshold (te). If the start– and endpoint of a participant saccade is within

the threshold of the benchmark saccade, it is assumed that the saccade moves between

similar components and the participant saccade is eliminated. The effect of different

te values are illustrated in Figure 4.11. The second threshold is the saccade clustering

threshold (tg). If the start– and endpoint of the saccades are within the threshold of

each other, then the saccades are grouped together. This is to highlight repetitive paths

that occur between components. These thresholds should be relative to the average

component size on the user interface to ensure that the saccadic movements between

components are captured and represented. Investigations into different te thresholds

should be considered for each benchmark saccade, depending on size of the components

at the endpoints of the saccade. Sadasivan et al. [181] visualised general paths followed

between fixation clusters – a similar method can be considered for this clustering method,

avoiding the use of the tg threshold.

The last two parameters are related to the visualisations. The benchmark deviation

areas utilise a weight (ω) that is multiplied with the average task FDI value. Conse-

quently, a BDV cluster will be drawn if the average cluster FDI is above ωFDI. The

weight affects the number of BDVs that will be drawn on the user interface. If the ω is

too small, then too many clusters will be drawn and the areas with excessively high de-

viation will not be highlighted. The cmin is the last parameter, specifying the minimum

number of saccades that should be in a cluster before a benchmark deviation vector is

drawn for that cluster. The BDVs should represent repetitive paths followed between

the components on the user interface. Fewer BDVs will be drawn if the cmin parameter
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is very high. An appropriate size is dependent on the requirements of the study.

New or existing clustering and parameter optimisation algorithms could be considered

to automatically determine the optimal thresholds, as input for the proposed approach.

6.3.4 Limitations

Some limitations have been identified during the development of the proposed method,

like evaluating dynamic screens and the possibility that the benchmark user eye tracking

data does not represent the majority of the visual strategies. Currently, the application

generates clusters for all the benchmark fixations, before calculating the FDI values,

even if more than one fixation is on a component. To overcome this, the fixations

of the benchmark user can be clustered and the centroids of clusters can be used as

the benchmark user fixations for the remainder of the FDI process (see Algorithm 2).

Adjusting the clustering method of Santella and DeCarlo [187], to keep only the centroids

of the cluster instead of resulting in clusters of fixations could be an appropriate clustering

method.

There can also be some improvement on the visualisations produced by the proposed

approach. The visualisations distinctly show the areas with high deviation and repetitive

paths followed between components. In the Validation study the two visualisations were

considered together during the analysis, but on individual representations. Combining

the BDA and BDV visualisations into one design with an appropriate visualisation could

be considered.

Another task that requires some additional work from the analyst, is to divide the

data into segments that are specific to a user interface screen. This allows eye tracking

comparison relative to users focussing on the same visual stimuli. The segmentation can

be done by automatically or manually logging when navigation to different screens occur.

The prototyping tool developed for this study can import these log files. To overcome

the need to add logging functionality to an application or to manually separate the data,

automated segmentation should be considered. Various eye tracking data segmentations

were implemented by Holland et al. [86], an adoption of these segmentation algorithms

can be considered to automate the data pre–processing of the proposed approach.
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6.3.5 Application of other fields

The proposed approach should not be limited to analysing user interfaces but can be

extended to other fields where eye tracking data is compared. This could be applied in

expert–novice based eye tracking studies, to compare how much a novice differs from an

expert. The areas where the novices deviated a lot from the benchmark user can also be

superimposed on the visual stimuli.

These are just some ideas on how to build on the current work. The proposed method

should not be limited to applications in the eye tracking field, but could be applied to

data captured from other peripherals that capture human behaviour.

6.3.6 Develop open source tool

In order to enable this proposed method to be used by other researchers, the prototype

tool, shown in Section A.1, should be developed into a complete solution and made

available to researchers. With the finalisation of the tool, the visualisations can be

extended to provide a additional views, such as a combined view of the BDA and BDV

visualisations. The source code can also be made available to enable researchers to

expand or adapt the current tool.
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and H. Deubel, editors, In the Mind’s Eye: Cognitive and Applied Aspects of Eye

Movement Research, chapter four, pages 573–605. Elsevier, Amsterdam, 2003.

[102] N. E. Jacobsen. Usability Evaluation Methods: The Reliability and Usage of Cogni-

tive Walkthrough and Usability Test. Thesis, University of Copenhagen Denmark,

1999.

[103] H. Jarodzka, K. Holmqvist, and M. Nyström. A vector-based, multidimensional

scanpath similarity measure. In Proceedings of the 2010 Symposium on Eye-

Tracking Research & Applications - ETRA ’10, volume 1, page 211, New York,

New York, USA, 2010. ACM Press.

[104] M. W. M. Jaspers. A Comparison of Usability Methods for Testing Interactive

Health Technologies: Methodological Aspects and Empirical Evidence. Interna-

tional Journal of Medical Informatics, 78:340–353, May 2009.

[105] J. Jeng. Usability Assessment of Academic Digital Libraries: Effectiveness, Ef-

ficiency, Satisfaction, and Learnability. International Journal of Libraries and

Information Services, 55(2–3):96–121, 2005.

[106] Q. Ji, Z. Zhu, and P. Lan. Real–Time Nonintrusive Monitoring and Prediction

of Driver Fatigue. IEEE Transactions on Vehicular Technology, 53(4):1052–1068,

July 2004.

[107] S. A. Johansen, M. Tall, J. S. Agustin, and H. Skovsgaard. The Eye Tribe: Going

Mobile... and Getting There, https://theeyetribe.com/android-mobile, 2013.

[108] S. Josephson and M. E. Holmes. Attention to Repeated Images on the World–Wide

Web: Another Look at Scanpath Theory. Behavior ResearchMethods, Instruments,

& Computers, 34(4):539–548, Nov. 2002.

[109] S. Josephson and M. E. Holmes. Visual Attention to Repeated Internet: Testing

the Scanpath Theory on the World Wide Web. In Proceedings of the Symposium

on Eye Tracking Research & Applications, pages 43–49, New Orleans, 2002. ACM.

163

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



BIBLIOGRAPHY

[110] M. A. Just and P. A. Carpenter. Eye Fixations and Cognitive Processes. Cognitive

Psychology, 8:441–480, Oct. 1976.

[111] B. K. Kahn, D. M. Strong, and R. Y. Wang. Information Quality Benchmarks:

Product and Service Performance. Communications of the ACM, 45(4):184–192,

2002.

[112] P. Kasarskis, J. Stehwien, J. Hickox, A. Aretz, and C. Wickens. Comparison of

Expert and Novice Scan Behaviors During VFR Flight. In Proceedings of the 11th

International Symposium on Aviation Psychology, pages 1–6, Columbus, 2001.

[113] D. J. Kasik and H. G. George. Toward Automatic Generation of Novice User Test

Scripts. In Proceedings of the SIGCHI Conference on Human Factors in Computing

Systems, pages 244–251, Vancouver, 1996. ACM.

[114] D. E. Kieras. A Guide to GOMS Task Analysis. Technical report, IBM, Michigan,

1994.

[115] D. E. Kieras, S. D. Wood, K. Abotel, and A. Hornof. GLEAN: A Computer–Based

Tool for Rapid GOMS Model Usability Evaluation of User Interface Designs. In

Proceedings of the 8th Annual Symposium on User Interface and Software Tech-

nology, pages 91–100, Pittsburgh, 1995. ACM.

[116] B. Kirwan, A. Evans, L. Donohoe, A. Kilner, T. Lamoureux, T. Atkinson, and

H. MacKendrick. Human Factors in the ATM System Design Life Cycle. In

FAA/Eurocontrol ATM R&D, pages 1–21, Paris, 1997.

[117] O. Komogortsev and C. Holland. Aiding Usability Evaluation via Detection of

Excessive Visual Search. In Extended Abstracts on Human Factors in Computing

Systems, pages 1825–1830, Vancouver, 2011. ACM.

[118] O. Komogortsev, C. Mueller, D. Tamir, and L. Feldman. An Effort Based Model of

Software Usability. In International Conference on Software Engineering Theory

and Practice, pages 1–9, Orlando, 2009.

164

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



BIBLIOGRAPHY

[119] O. V. Komogortsev, S. Jayarathna, D. H. Koh, and S. M. Gowda. Qualitative and

Quantitative Scoring and Evaluation of the Eye Movement Classification Algo-

rithms. In Proceedings of the Symposium on Eye Tracking Research & Applications,

pages 65–68, Austin, 2010. ACM.

[120] R. B. Kulkarni and S. K. Dixit. Empirical and Automated Analysis of Web Ap-

plications. International Journal of Computer Applications, 38(9):1–8, 2012.

[121] M. Kumar, A. Paepcke, and T. Winograd. EyePoint: Practical Pointing and Selec-

tion Using Gaze and Keyboard. In Conference on Computer–Human Interaction,

pages 1–10, San Jose, 2007. ACM.

[122] M. F. Land and M. Hayhoe. In What Ways Do Eye Movements Contribute to

Everyday Activities? Vision research, 41:3559–3565, Jan. 2001.

[123] M. F. Land and D. N. Lee. Where We Look When We Steer. Nature Journal,

369(6483):742–744, 1994.

[124] M. F. Land, N. Mennie, and J. Rusted. The Roles of Vision and Eye Movements

in the Control of Activities of Daily Living. Perception, 28(11):1311–1328, 1999.

[125] S. Lauesen. User Interface Design: A Software Engineering Perspective.

Pearson/Addison–Wesley, Essex, first edition, 2005.

[126] B. Law and M. Atkins. Eye Gaze Patterns Differentiate Novice and Experts in a

Virtual Laparoscopic Surgery Training Environment. In Proceedings of the Sym-

posium on Eye Tracking Research & Applications, volume 1, pages 41–48, San

Antonio, 2004. ACM.

[127] J. R. Leigh and D. S. Zee. The Neurology of Eye Movements. Oxford University

Press, Michigan, 2006.

[128] J. L. Levine. An Eye–controlled Computer. Technical report, IBM Research Divi-

sion, TJ Watson Research Center, New York, 1981.

165

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



BIBLIOGRAPHY

[129] D. Li, J. Babcock, and D. J. Parkhurst. openEyes: a Low–cost Head–mounted Eye–

tracking Solution. In Proceedings of the Symposium on Eye Tracking Research &

Applications, pages 95–100, San Diego, 2006. ACM.
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[151] L. Paganelli and F. Paternò. Intelligent Analysis of User Interactions with Web

Applications. In Proceedings of the International Conference on Intelligent User

Interfaces, pages 111–118, San Francisco, Jan. 2002. ACM.

[152] F. Papenmeier and M. Huff. DynAOI: A Tool for Matching Eye–movement Data

with Dynamic Areas of Interest in Animations and Movies. Behavior research

methods, 42(1):179–187, Feb. 2010.

[153] S. Pekkala. Usability Evaluation of Design Solutions for Tablet Magazines. Thesis,

Aalto University, 2012.

[154] J. B. Pelz, R. L. Canosa, D. Kucharczyk, J. S. Babcock, A. Silver, and D. Konno.

Portable Eyetracking: A Study of Natural Eye Movements. In B. E. Rogowitz and

T. N. Pappas, editors, Human Vision and Electronic Imaging, pages 566–582, San

Jose, Jan. 2000. SPIE Inc.

[155] P. G. Polson, C. Lewis, J. Rieman, and C. Wharton. Cognitive Walkthroughs: A

Method for Theory–based Evaluation of User Interfaces. International Journal of

Man–Machine Studies, 36(5):741–773, May 1992.

[156] A. Poole and L. J. Ball. Eye Tracking in Human–Computer Interaction and Us-

ability Research: Current Status and Future Prospects. In C. Ghaoui, editor,

Encyclopedia of Human Computer Interaction, volume 10, pages 211–219. Idea

Group Inc., 2005.

[157] J. Preece. Sociability and Usability in Online Communities: Determining and

Measuring Success. Behaviour & Information Technology Journal, 20(5):347–356,

Jan. 2001.

168

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



BIBLIOGRAPHY

[158] J. Preece, Y. Rogers, and H. Sharp. Interaction Design: Beyond Human–Computer

Interaction. In Interaction Design: Beyond Human–Computer Interaction, pages

1–519. John Wiley & Sons, second edition, 2007.

[159] W. J. Price. A Benchmark Tutorial. IEEE Micro, 9(5):28–43, 1989.

[160] C. M. Privitera and L. W. Stark. Algorithms for Defining Visual Regions–of–

Interest: Comparison with Eye Fixations. IEEE Transactions on Pattern Analysis

and Machine Intelligence, 22(9):970–982, 2000.

[161] D. Purve, G. J. Augustine, D. Fitzpatrick, L. C. Katz, A. S. LaMantia, J. O.

McNamara, and S. M. Williams. Types of Eye Movements and Their Functions.

In Neuroscience, chapter twenty, page 457. Sinauer Associates, Sunderland, second

edition, 2001.
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Appendix A

Validation Study Output

A.1 Process prototype tool

In order to test the proposed automated approach, the functionality had to be imple-

mented. For the purpose of this study, the Automated Eye Tracking Analysis (Process)

Prototype was developed in C# (see Figure A.1). This prototype provides the func-

tionality to load the raw eye tracking and event data and apply all the necessary data

pre–processing. From there the prototype can be used to automatically select the bench-

mark user for each task to be used in the FDI and SDI processes. Each step of the process

can be applied sequentially and the relevant data output is displayed at the bottom.
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APPENDIX A. VALIDATION STUDY OUTPUT

Figure A.1: Screen–shot of the process prototype tool to automate eye tracking analysis

A.2 Benchmark user table
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A.3 FDI results
P
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ti
ci
p
an

t

S
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y
T
3

P
ro
d
u
ct
s

P
ro
d
u
ct

C
on

fi
rm

O
rd
er
s

In
vo
ic
e

1001 62% 1.32 8.85 6.47 3.66 15.13 3.87 10.07 5.55 8.55 8.94
1002 31% 2.58 7.17 3.1 0.57 11.98 0.65 0 0 7.33 1.6
1003 74% 3.4 11.9 9.86 1.45 17.98 2.85 4.82 1.38 6.91 1.72
1004 66% 2.42 7.38 5.35 3.29 15.65 7.21 6.28 2.17 11.79 3.76
1005 61% 1.09 7.92 3.54 2.55 9.14 3.64 5.78 2.54 3.67 1.21
1006 11% 1.15 3.26 0 0.49 0 0.42 1.84 0 0 0
1007 73% 2.57 9.97 4.97 3.36 12.4 1.43 4.03 2.23 4.14 6.62
1008 55% 4.42 15.29 3.35 2.41 12.08 6.71 5.97 2.3 9.03 3.51
1009 99% 1.19 11.85 2.48 0.79 4.21 1.06 2.84 4.55 3.26 2.73
1010 72% 1.83 1.71 2.88 1.16 4.46 1.16 2.69 2.54 1.33 1.35
1011 59% 1.87 12.29 11.75 3.58 9.75 3.96 6.08 2.02 7.48 1.67
1012 41% 3.16 14.6 6.82 3.95 14.7 3.4 4.48 2.62 13.8 5.91
1013 91% 0 7 5 0 6.89 3.32 1.11 0 3.4 2.56
1014 97% 0.88 2.85 0 0.43 2.14 2 1.71 1.12 2.26 1.08
1015 31% 0.57 5.31 1.54 0.2 7.67 0.47 0.67 0.07 3.61 0
1016 95% 1.14 4.35 2.08 1.51 5.99 2.9 4.56 2.33 4.94 5.24
1017 69% 3.67 4.65 6.34 1 14.75 3.02 2.19 2.51 7.48 9.16
1018 47% 1.43 10.45 8.67 2.87 15.65 4.84 11.02 4.72 10.6 5.32
1019 3% 2.34 0 0.29 0.01 0 0.52 0.04 2.58 0 0
1020 94% 1.85 5.88 1.47 0.73 7.52 1.73 3.39 1.07 8.01 4.91
1021 94% 0.5 3.69 5.72 0.38 2.55 1.9 2.83 0 0.87 0
1022 68% 2.49 10.45 4.88 2.31 13.48 3.7 5.07 1.53 0.77 2.81
1023 90% 1.94 5.32 1.63 2.03 7.01 1.44 2.52 1.82 2.43 2.94
1024 95% 1.6 10.8 3.19 1.98 9.38 3.81 2.87 1.05 1.38 2.23
1025 68% 3.93 2.69 11.59 1.94 16.99 2.35 4.31 2.79 1.82 3.28
1026 81% 2.95 10.1 4.9 2.84 21.04 4.17 12.23 1.39 14.99 10.71
1027 95% 2.29 5.13 4.56 1.14 14.35 2.56 3.76 2.1 5.01 4.52
1028 96% 2.08 11.62 4.33 1.5 17.73 2.91 3.23 1.37 9.06 3.64
1029 87% 1.31 7.26 4.66 1.37 9.33 1.81 2.73 1.82 1.41 3.19
1030 98% 3.02 11.28 3.34 3.03 11.24 5.08 8.56 5.9 9.98 6.78
1031 99% 3.02 11.05 3.34 1.93 6.41 4.39 5.11 3.28 8.31 8.38
1032 97% 3.3 5.33 1.43 0.88 16.66 2.22 2.77 0.68 0 3.65
1033 97% 1.26 0 1.64 0.9 0 0 0 1.96 2.47 3.78

Table A.2: Complete FDI dataset of the Validation study. FDI value for every subtask.

A.4 SDI and SLI results
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Appendix B

Validation Usability Study

This section holds additional information on the BiYP usability study. First, the user

questionnaire is listed and then the questionnaire results of all the participants are pro-

vided. Lastly, the full expert review report of the eye tracking data captured during the

BiYP usability study is given.

B.1 User questionnaire

Each participant completed the following questionnaire for the BiYP usability study:

1. Please enter the unique number as provided by the facilitator:

2. Please select your age group?

� Younger than 15

� 15–25

� 26–35

� 36–45

� 46–55

� 56–65

� Older than 65

3. What is your gender?
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APPENDIX B. VALIDATION USABILITY STUDY

� Male � Female

4. What is the highest degree or level of school you have completed?

� No schooling completed

� High school until grade 10

� Matric

� Bachelors degree / Certificate

� Honours degree

� Masters degree

� Doctorate degree

5. Please specify your occupation:

6. In a typical day, how often do you use your mobile phone?

� Every hour

� Every two hours

� Three times a day

� Once a day

� Less frequently than the above

7. Do you have a smart phone?

� Yes � No

8. Which of the following online shopping sites do you use, or have you used in the

past?

� Kalahari

� Want it all

� Take a lot

� Pick ’n Pay
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� Woolworths

� Expansys

� Zando

� Bid or Buy

� Other (Please Specify):

9. Select what you use your mobile phone for, other than making voice calls?

� Text messaging (SMS)

� Reading e–mail

� Searching for specific information

� Viewing content on social networks

� Weather forecasts

� Maps, GPS

� Social networks

� News

� Listening to music

� Chatting

� Watching video

� Listening to audio podcasts

� Solo video games

� Multi–player video games

� Reading books

� Other (Please Specify):

10. Have you ever worked with the Business in Your Pocket / GaRO application?

� Never seen the application before

� Saw a demo of the application

� Used the application prototype on a mobile device

� Part of the development team for the application

B.2 User questionnaire results

The following section holds the results of the questionnaire for the Validation study.
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Figure B.1: What is your age group?

Figure B.2: What is your gender?
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Figure B.3: What is the highest degree or level of schooling that you have completed?

Figure B.4: In a typical day, how often do you use your mobile phone?
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Figure B.5: Do you have a smart phone?

Figure B.6: Which of the following on–line shopping sites do you use, or have you used in

the past?
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Figure B.7: Select what you use your mobile phone for, other than making voice calls?

Figure B.8: Have you ever worked with the Business in Your Pocket / GaRO application?
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B.3 Expert review

Analysis of eye tracking videos for usability evaluation of the mobile procurement appli-

cation, BiYP. Performed by Prof Helene Gelderblom, Department of Informatics, Uni-

versity of Pretoria on 10 March 2014.

B.3.1 Time taken to complete tasks:

Task 1 and Task 2 required similar actions from the users (placing an order for a given

number of 2 different products). Task 3 required them, from the main menu, to view

their orders.

From the task completion times it is clear that there was an improvement from Task

1 to Task 2, with Task 2 being completed in half the time it took to complete Task 1.

This is no surprise because once they have determined how to place an order any further

orders will be easy.

Task 3 was a seemingly simple task that required a selection (Shop) from the menu

and then clicking on the ‘Order’ heading at the top of the next screen. The task com-

pletion times of participants 1021 and 1014 demonstrated that this could be completed

very quickly (22 and 24 seconds respectively). However, the average completion time is

over one minute, with all the other participants taking more than one minute and one

participant taking more than two minutes.

B.3.2 Qualitative analysis of eye tracking videos

Procedure:

A sample of ten eye tracking recordings were selected for the expert evaluation. While

watching the videos the evaluator noted down observations that relate to the usability

of the application. Each video was watched repeatedly until no new observations could

be added to the observation notes.
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Participant Time on Task 1 Time on Task 2 Time on Task 3

1014 66 40 24
1021 61 67 22
1024 126 60 64
1026 207 60 125
1027 138 55 64
1028 159 71 109
1029 104 67 65
1030 171 82 83
1031 140 79 71
1032 96 57 88

Table B.0: Expert review of the time spent on a task, in seconds, for the Validation study.

Results:

All participants identified Shop as the correct main menu item for Tasks 1 and 2. In

Task 1, five of the participants spent some time deciding which of the Ricoffy icons to

select, but they were quicker in selecting the desired tea bag icon.

A few of the participants did not immediately understand how to scroll the number

list with the mouse. This problem is probably linked to the fact that this is an emulation

of a touch screen and on the touch screen this would probably be more intuitive. One

participant tried to use the keyboard to enter a number in that field.

When the items and their numbers were selected there were some hesitation from

some participants before clicking on the ‘tick’ icon, but not enough to regard this as a

usability problem.

Analysis of the observations provided explanation for the problems experienced in

Task 3. Eight of the ten participants took some time to decide which option on the

main menu to select, scanning up and down through the menu. Three participants first

selected an incorrect option (Sales or Services) and had to return to the main menu to

try again.

One participant clicked on the ‘?’ icon when he did not know which main menu item

to select to see his orders. This was not at all helpful, but he eventually selected Shop.

Eventually all ten selected the Shop item.

Once on the next screen the task required them to click on the word ‘Order’ that

appears at the top left of the screen. On this screen the word is cut off. Also, it appears
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in a dim font that may make it seem inactive. There is no clear indication that it

represents an active area on the screen. All participants did eventually select it, some of

whom “stumbled” upon it almost by accident.

To summarise:

The following are severe usability problems:

• There is no clear path to viewing orders already placed. The fact that this falls

under the ‘Shop’ main menu item is counter–intuitive. The description next to

the Shop icon should at least mention that orders can be viewed there, if it is not

desirable to include a new designated main menu item for this kind of query.

• Once on the correct screen to access the orders, it is again very difficult to determine

from the visible interface how to access the order history.

• When ordering new items, the mechanism for entering the number of items to

order was not sufficiently successful on the emulator. Testing on the touch screen

is recommended to determine if this problem also occurs on the actual screen.

Other aspects that could be improved:

• For some products there are more than one icon. This requires the user to make a

decision w.r.t. the correct one to choose and slows down the overall interaction.

• Two participants selected the X icon when they should have selected the ‘tick’

icon. This did not lead to any severe problems in the interaction and they could

correct their actions easily.
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