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Abstract. At the Corvinus University of Budapest, a series of experiments was
performed, applying the INTERFACE testing methodology developed by
researchers of the Budapest University of Technology and Economics. This
methodology is capable of recording data characterizing the user’s current
mental effort derived from Heart Period Variability (HPV) and the user’s
emotional state indicated by Skin Conductance (SC) parameters simultaneously
and synchronized with other characteristics of Human-Computer Interaction
(HCI). The current experiments aim to study how the teachers (electronic
curriculum designers, developers) themselves use the e-learning development
tools to design and edit a new piece of e-learning material.
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1 Applying the INTERFACE Methodology

Figure 1 shows the conceptual arrangement of the INTERFACE (INTegrated Evaluation
and Research Facilities for Assessing Computer-users' Efficiency) workstation.

The advantage of the methodology applied in our study lies in its capability of
recording continuous on-line data characterizing the user’s current mental effort
derived from Heart Period Variability (HPV) and the user’s emotional state indicated
by Skin Conductance (SC) parameters simultaneously and synchronized with other
characteristics of Human-Computer Interaction (HCI). This way, a very detailed
picture can be obtained which serves as a reliable basis for the deeper understanding
and interpretation of psychological mechanisms underlying HCI.

Elementary steps of HCI, like the different mental actions of users followed by a series
of keystrokes and mouse-clicks, are the basic and usually critical components of using
software. These steps can be modeled and analyzed by experts, but empirical results than
expert analyses. One of the key aspects of the empirical methods is measuring
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Fig. 1. Conceptual arrangement of the INTERFACE user interface testing workstation

mental effort as it is laid down e.g. in the earlier international standard of software
product evaluation (ISO/IEC 9126:1991). Hence we need methods capable of
monitoring users’ current mental effort during these elementary steps.

To attain the above, a complex methodology was developed earlier at the Budapest
University of Technology and Economics, by Prof. Lajos Izsé and his team [3, 4, 5,
6]. This study presents an improved methodology and a new case study.

The INTERFACE simultaneously investigates the following:

e Users' observable actions and behavior
— keystroke and mouse events;
— video record of the current screen content;
— video records of users’ behavior: (1) mimics, (2) posture and gestures.
e Psycho-physiological parameters
— Power spectrum of Heart Period Variability (HPV), regarded as an objective
measure of current mental effort — we apply this signal successfully since more
than 15 years [3, 4, 5, 6];
— Skin Conductance (SC) parameters, indicating mainly the emotional reactions —
recently integrated into our system.

In addition to observable elements of behavior, the applied complex method also
includes traditional interviews to assess mental models, subjective feelings, and the
users’ opinions about their perceived task difficulty and experienced fatigue.

Recording these various data simultaneously requires a more sophisticated technical
background than other empirical methods based on only personal observation or simple
video recording. However, multiple channels enable researchers to concentrate on the
channels that highlight the importance of various parts of the current event flow.

1.1 Assessing Users’ Performance and Behavior

Performance measures are useful in general and in other projects of ours, but in the
current study, we will apply them only for particular aspects of the interaction.
Recording users’ behavior has outstanding importance. The video recording of the
user’s face and activity is an extremely rich source of psychological information as it
directly reflects the mental state (e.g. boredom, routine activity in familiar environment,
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attention-demanding task, getting lost, emotions like frustration, anger, joy, etc.). To
analyze this channel, we are working on integrating a new, sophisticated method into our
INTERFACE methodology.

1.2 Assessing Mental Effort via Analyzing Users’ HPV Power Spectrum

A number of studies [3, 4, 6, 11, 12, 13, 15] have shown that an increase in mental
load causes a decrease in the so-called mid-frequency (MF) peak of the Heart Period
Variability (HPV) power spectrum. To assess the spectral components of HPV power
spectra, an integrated system called ISAX (Integrated System for Ambulatory Cardio-
respiratory data acquisition and Spectral analysis) was developed and successfully
used by Dr. Eszter Lang and her team. This equipment and the related method have
been integrated into our INTERFACE system.

The main advantage of our method over the previously existing HPV-based
methods is that the MF component of HPV shows changes in mental effort in the time
range of several seconds (as opposed to the earlier methods with a resolution of tens
of seconds at the best). This feature was achieved by an appropriate windowing data
processing technique, and application of an all-pole auto-regressive model with built-
in recursive Akaike's Final Prediction Error criteria and a modified Burg’s algorithm.
In this study, we apply a new, further developed version of ISAX for the first time.

1.3 Assessing Emotional Responses via Analyzing Users’ Skin Conductance
Parameters

Changes in the electrical activity of the skin (the so-called Electrodermal Activity —
EDA) can be produced by various physical and emotional stimuli. We use the
parameters derived from Skin Conductance (SC) responses, especially the Alternating
Current (AC) component of the SC.

In contrast with our earlier experiments applying Heart Rate Variability (HPV),
measuring Skin Conductance (SC) in our INTERFACE methodology is relatively
new to us'. We are working on it to complement the INTERFACE system with a
component focusing mainly on the emotional aspects of the HCI, in addition to our
well-tried approach of mental effort.

2 Applying INTERFACE to Study Interactions of Editing
E-Learning Material

We have used INTERFACE in various areas (e.g. mailing systems, CAD, WAP-based
software, flight control system, etc.) [4, 5, 6]. We published details from a multimedia
development project led by us [3], where we focused on the software usage of the
students. Now, we focus on the other side of e-learning: we aim to study how the teachers
use the development tools.

' An interesting series of experiments using the new version of the ISAX to analyze SC
responses is finished by one of our colleagues [8, 9, 10]. It is a good example of the
promising way to use data mining techniques in empirical usability studies, as it is mentioned
in the followings. However, in that case, the tool was not yet integrated into the complex
INTERFACE system.
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Among evaluating the user interface, as in the previous applications of the
INTERFACE system, a specific aim of this series of experiments was to compare the
holistic and analytic cognitive style of users’ mental activity and emotional responses
during designing e-learning material.

The series of experiments started in December 2007 with pilot experiments. The
main part of the series started on 14™ December and finished in March.

32 participants were involved.

During the two-hour-long sessions, the task was to design and edit e-learning material
with the Moodle Learning Management System (LMS). Participants, with basic
knowledge about Moodle, executed this task with the help of prepared materials: “raw”
texts and illustrations (pictures, video files).

Analysis of the data, especially the statistical analysis of the hundreds of variables is in
progress. To execute the statistical calculations and explore the deeper mechanisms, we
use the SPSS 17.0 for Windows statistical and the SPSS Clementine 12.0 data mining
software package.
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Fig. 2. The INTERFACE Viewer software. In the moment of this screenshot, the user is
thinking, so the 3rd (green) curve is low.

2.1 Instruments to Determine Cognitive Styles

In our examination, four questionnaires are used to identify holistic and analytic
cognitive style users:
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e Cognitive Style Index (CSI) [1] to measure the whole/part-processing dimension of
cognitive style, identifying an individual's cognitive style as being either analyst or
intuitive.

e Personal Style Inventory (PSI) measures dimensions of the Myers-Briggs Type
Inventory (MBTTI). It is based on Carl Jung’s theory of personality types. These
four dimensions are: extroversion-introversion, sensing-intuition, thinking-feeling,
and judging-perceiving.

e Kirton’s Adaptor-Innovator Inventory (KAI) assesses a person's position on the
adaption-innovation continuum. When confronted with a problem, the adaptor turns on
to conventional procedures in order to find solutions. In contrast, innovators will
typically redefine the problem by approaching it from a novel perspective.

e Digital Natives — Digital Immigrants [14]: the term digital native is coined as it
pertains to a new breed of student entering educational establishments. Today's
learners represent the first generations to grow up with this new technology.
However, digital immigrants apply printing documents rather than commenting on
screen or printing out emails.

2.2 Hypotheses from the Point of View of Cognitive Styles

I. Analytical type
The analytical type of tutors/e-curriculum designers is active and experience-oriented
in e-learning. The analytic type prefers:

curriculum rich in visual and verbal units

possibilities and exercises that require analyses

simulations, models, videos

to annotate and rearrange the curriculum by their own principle.

I1. Holistic type

The “holistic type” of tutors/e-curriculum designers is more active. They build up
their curriculums and personal learning environments from these units. The holistic
type prefers:

e curriculum linking up memorized units and parts of curriculum

e to connect parts together

e experience, particular cases and exercises (compilation, thesaurus, collection of
curiosity, suggested reading)

e to comprehend the curriculum as a whole.

2.3 Procedure

1st phase (10 minutes)

In this phase participants were asked to execute 3 tasks to detect their mental activity
under different circumstances. Detection of different patterns of HPV and SC gives
bases for comparison with responses during task period patterns: without any activity,
after 1 minute alertness period participants count down for 1.5 minute, 2 minutes
relaxation period.
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2nd phase (45 minutes)

The task is to design and edit e-learning material with the help of Moodle system.
Participants, with basic knowledge about Moodle Learning Management System
(LMS), execute this task with the help of prepared materials: 2 pages “raw” text about
the learning material, and illustrations (pictures, video files).

3rd phase (10 minutes)

Interview section about participants’ experiences during task execution. The
structured interview has 3 main topics: prepared learning material (e.g. satisfaction,
difficulties), circumstances of work, experiences with Moodle.
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Fig. 3. In the moment of this screenshot, the HPV profile curve is low. This is caused by a typical
software problem: the currently selected image doesn’t appear; the user try to solve this problem by
the help of the context menu; but this is not a desktop application, it is a simple web-based software —
the context menu contains only the standard commands of the web browser. The seriousness of this
problem depends on the user’s cognitive style: the analytical-type users cope with this easier.
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3 Conclusion

Based on the results presented here as well as in related papers, it can be stated that
the INTERFACE methodology can help us to understand the mechanisms underlying
the HCI in depth.

Studying the individual differences, such as differences in cognitive styles is a

really important opportunity to understand HCI, in spite of choosing the easier way to
design for “average” users.

Acknowledgements. The authors would like to thank Dr. Eszter Lang for the
guidenance, and the participants of the series of experiments for their valuable
contribution.

References

. Allinson, C.W., Hayes, J.: The Cognitive Style Index: a measure of intuition-analysis for

organisational research. Journal of Management Studies 33, 119-135 (1996)

Chen, D., Vertegaal, R.: Using Mental Load for Managing Interruptions in Physiologically
Attentive User Interfaces. In: Proc. CHI 2004, pp. 1513-1516. ACM Press, New York
(2004)

Hercegfi, K., Kiss, O.E., Bali, K., Izs6, L.: INTERFACE: Assessment of Human-
Computer Interaction by Monitoring Physiological and Other Data with a Time-Resolution
of Only a Few Seconds. In: Proc. ECIS 2006, ECIS Standing Comm., pp. 2288-2299
(2006)

Izs6, L.: Developing Evaluation Methodologies for Human-computer Interaction. Delft
University Press, Delft (2001)

. Izs6, L., Hercegfi, K.: HCI Group of the Department of Ergonomics and Psychology at the

Budapest University of Technology and Economics. In: Ext. Abstracts CHI 2004, pp.
1077-1078. ACM Press, New York (2004)

Izs6, L., Lang, E.: Heart Period Variability as Mental Effort Monitor in Human Computer
Interaction. Behaviour & Information Technology 19(4), 297-306 (2000)

Kirton, M.J.: Adaptors and innovators: A description and measure. Journal of Applied
Psychology 61, 622-629 (1976)

Laufer, L.: Jump is on the Skin Deep: Predicting User Behavior from Skin Conductance
Level. In: Laufer, L. (ed.) Ext. Abstracts HCII 2007. Springer, Heidelberg (2007)

Laufer, L., Németh, B.: Anticipation of Stress as an Indicator of User Interaction. In: Proc.
Workshop on Measuring Affect in HCI: Going Beyond the Individual. ACM Press, New
York (2008)

. Laufer, L., Németh, B.: Predicting User Action from Skin Conductance. In: Proc. IUI

2008, pp. 357-360. ACM Press, New York (2008)

. Lin, T., Imamiya, A.: Evaluating usability based on multimodal information: an empirical

study. In: Proc. ICMI 2006, pp. 364-371. ACM Press, New York (2006)

. Mulder, G., Mulder-Hajonides van der Meulen, W.R.E.-H.: Mental load and the

measurement of heart rate variability. Ergonomics 16, 69-83 (1973)



186

13.

14.
15.

K. Hercegfi et al.

Orsilia, R., Virtanen, M., Luukkaala, T., Tarvainen, M., Karjalainen, P., Viik, J.,
Savinainen, M., Nygard, C.-H.: Perceived Mental Stress and Reactions in Heart Rate
Variability — A Pilot Study Among Employees of an Electronics Company. International
Journal of Occupational Safety and Ergonomics (JOSE) 14(3), 275-283 (2008)

Prensky, M.: Digital Natives, Digital Immigrants. On the Horizons 9(5) (2001)

Rowe, D.W., Sibert, J., Irwin, D.: Heart Rate Variability: Indicator of User State as an Aid
to Human-Computer Interaction. In: Proc. CHI 1998, pp. 18-23. ACM Press, New York
(1998)



	Designers of Different Cognitive Styles Editing E-Learning Materials Studied by Monitoring Physiological and Other Data Simultaneously
	Applying the INTERFACE Methodology
	Assessing Users’ Performance and Behavior
	Assessing Mental Effort via Analyzing Users’ HPV Power Spectrum
	Assessing Emotional Responses via Analyzing Users’ Skin Conductance Parameters

	Applying INTERFACE to Study Interactions of Editing E-Learning Material
	Instruments to Determine Cognitive Styles
	Hypotheses from the Point of View of Cognitive Styles
	Procedure

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




