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Abstract

Research has shown that training a user to apply a Mental Model while learning to use a
system improves user performance. Researchers have also proposed that designing an
interface, based on the mental model of an experienced user, may allow a new user to
form the same mental model and be more successful in using the system.

The following study proposes that presenting a novice user with a mental model based on
the system to be used, which has been formed from several experienced users of the same
system, will result in the new user being more successful immediately. The use of a
complicated system was facilitated by the insertion of previous users mental models. The
extracted mental model was presented with the introduction of the ServiceDesigner
application (a system that allows the user to combine several Electronic Services). Users
who received the mental model performed better with the application than the control
group.
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Abstract

Research has shown that training a user to apply a Mental Model while learning to use a
system improves user performance. Researchers have also proposed that designing an
interface, based on the mental model of an experienced user, may allow a new user to
form the same mental model and be more successful in using the system.

The following study proposes that presenting a novice user with a mental model based on
the system to be used, which has been formed from several experienced users of the same
system, will result in the new user being more successful immediately. The use of a
complicated system was facilitated by the insertion of previous users mental models. The
extracted mental model was presented with the introduction of the ServiceDesigner
application (a system that allows the user to combine several Electronic Services). Users
who received the mental model performed better with the application than the control
group.
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Introduction

The world is full of complicated systems that are difficult to use. Poorly designed
interfaces have become more of the rule than the exception. People no longer stop and
consider the problems they have in everyday use of computer operating systems, VCR’s
or simple kitchen stovetops. Users and interaction designers insist that it cannot be so
difficult for companies to design usable interfaces. But perhaps interface design is far
more difficult than we can imagine, and perhaps we need to look at more than just the
interface itself in order to allow the user to successfully interact with a system. Correct
and complete interface design may not carry the entire burden of affording successful
system use. This two-part study looks at the possibility of relieving some of the
“usability” burden from the interface itself, helping the user to successfully interact with
a complicated system with a not so friendly interface.

An example of a situation where the interface is poor and the system is extremely
complicated can be found when dealing with cellular phones. To type sentence-long
messages, one letter at a time, using the keypad on a cellular telephone is difficult and the
interface is very poor. Yet in 1999, 141 million SMS (short message service) messages
were sent in Sweden; in 2000 it jumped to 494 million (Hedberg, 2001). The simplicity in
the concept, sending a message to another person, facilitates the poor interface or
complicated technical processes going on. By providing the user with a super-simple
concept for a difficult task, you relieve some of the burden placed on the interface itself.

Previous research has shown by training the user to use a designed Mental Model while
learning to use a system, user performance has been improved. Researchers have has also
proposed that designing an interface, based on the mental model of an experienced user,
may promote a new user to form the same mental model, and thus succeed better in
system use. Why not hand the novice user a mental model from experienced users
directly, allowing her to be more successful immediately?

In this study, the interaction of a complicated system was facilitated by the insertion of
previous users mental models. The extracted Lego mental model (a building block toy,
one of several extracted models) was presented with the introduction of the
ServiceDesigner (Hamfors, 2001) application (a system that allows the user to combine
several electronic services). All subjects were presented with rote instruction procedures,
or “how-to-do-it” knowledge. One group received a mental model (Lego model) based on
analysis from a previous experiment in the study. (An initial experiment presented the
ServiceDesigner system in form of mockup walkthroughs, and with the help of surveys,
extracted participants’ thoughts about the system and its interface. This data was used to
create the mental models.) A control group received no model at all. Participants were
requested to solve a series of tasks (user scenarios with a goal for the participant to meet)
and answer questions. The completion times of the tasks were measured and compared
(dependent variable), where the independent variable was the mental model presented pre
test, or no mental model presented at all. Measured variables where: completion time of
each task, number of errors made and number of times the participant requested help. The
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participant also rated each task for difficulty. The group that received the mental model
performed better.

Service Infrastructure Research

Service Infrastructures is one of the areas of research within the HUMLE laboratory at
SICS in Stockholm, Sweden. Recently, researchers at the laboratory have been
developing the ServiceDesigner system, an application that allows the user to create
personal customized services based on services that already exist and are available. It is
important that the user understands and succeeds in her interaction with the service
environment system. One problem is that users find abstract concepts difficult to manage.
A main task for interface designers is to conceptualize for the user how she may make
use of a system. In this case, the user is required to use different services in combination
to produce new unique output. Some questions that need to be answered are:

How will the user interact with a service
environment where several tasks may be
combined?

What interfaces may be suitable?

How will the user visualize the manner
in which different services may be
combined?

What would be a good model (mental
model) for the user to process the fact
that services may be combined to
cooperate with each other?

What services may be combined to
cooperate with each other?

How can such a concept be generic
enough to include all possible services?

What constraints shall be placed on the
system to allow the user enough
involvement with the system to
understand its properties, but not so
much as to confuse her?

All of the questions above were not answered in this study; they present possible topics
of future research around the ServiceDesigner subject.
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Electronic Services

Electronic services solve tasks for the user. The services may for example produce
information or control actual processes. An example of a service is a translation service,
where the user inputs text in one language and receives the text as an output in another
language. Another example is a traffic service, where the user inputs a road number and
receives as output the current traffic conditions for that selected road. The output
information may be presented in any way suitable, for instance via a cell phone, TV
screen or computer monitor. Services are simple and may be integrated into many
different systems, like computer systems, communication systems, telephone systems or
media systems.

Multiple services may generate service environments or platforms for the end user. The
services function in collaboration in their service environment, creating a service
platform in which the user may interact with the services. The platform may allow the
user to work with single services or multiple services. The end-user is presented with an
interface allowing the use of several services at the same time. Service environments are
software components for deploying services in which common resources are accessed
(resources being the application, it's interface, usage and technical resources). The
platform may allow the user to work with multiple services serially. This allows the user
to combine services to produce new unique output not available from a single service.
The new service will then complete the same final task as when the user used the many
services in a row. The ServiceDesigner is a tool that allows the user to combine many
services into one new service. By combining existing services into new combinations, the
user will have created a new service.

Mental Models

Mental Models have been defined as “mechanisms whereby humans are able to generate
descriptions of system purpose and form, explanations of system functioning and
observed system states, and predictions of future states” (Rousse and Morris, 1985 in
Mica et al.  2000). Mental models exist in order to support our understanding of a system
and allow us to describe, predict and explain behavior. People will form some kind of
internal, or mental, representation of the system they are working with. Marx (1994)
suggests that when learning new things, we use metaphors to link new concepts to our
existing knowledge domain. These internal representations are based on experience and
observation and are simulations which are run in mind to produce conclusions of what the
system does or is capable of doing. Metaphors, compared to mental models, are pre-
configured comparisons existing in real life. A metaphor compares something that exists
with something else that exists, while mental models can be created as a completely new
entity, and then compared with something that already exists. ”We build mental models
that represent significant aspects of our physical and social world, and we manipulate
elements of those models when we think, plan, and try to explain events of that world.
The ability to construct and manipulate valid models of reality provide humans with our
distinctive adaptive advantage; it must be considered one of the crowning achievements
of the human intellect." (Gordon et. al. 1996). Research has shown that people who
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where taught to use a mental model when learning to operate an unfamiliar system, had
superior performance to those that did not (Fein et. al. 1992; Kieras et. al. 1984). And
recently, metaphors usage has been encouraged in the design of user interfaces because
regardless of the experience level of the user, metaphors can incorporate both attractive
and familiar elements for most users (Marx 1992).

Wilson (2000) proposes that if a way can be found to identify and represent the mental
models expected to be held by operators in a particular situation, and if that model can be
communicated successfully to designers, then the systems would be designed with
interfaces, which far better match the needs and expectations of the operators. One
approach may be to use the analogies generated by experienced users as part of a training
program for novice users (Pak et. al, 2000). It would be more interesting, however, to
simply offer the novice user a mental model developed by experienced users directly, to
maximize successful use of an unfamiliar system. A mental model may improve user
performance on abstract tasks (in this study, a Lego model improved the performance on
the ServiceDesigner application).

One question of interest is how the user forms mental models. After creating what is
believed to be a formidable mockup of a system, allowing use of a system interface, how
may we extract formed mental models to be presented to new users? There are several
ways people form mental models, for example:

a) User uses system, the activity forms a mental model
b) User observes other user, the other user’s activity forms a user mental model
c) User reads documentation, forms mental model

The question remains: If a mental model is presented prior to using an abstract system,
will  it be useful for user performance?

Capturing a simple description of a mental model at any level of system detail has
demonstrated to be very difficult. The reason for this is that such knowledge is deeply
embedded making it very difficult to verbalize. This is primarily why mental models have
failed to live up to their potential as guides for researchers and designers (Mica et. al.
2000). A number of cognitive engineering techniques have been developed to try to get
around this problem: verbal protocols, information acquisition strategies, and concept
mapping, etc. These techniques have provided useful tools, but apparently not complete
pictures of the mental model (Mica et. al. 2000).

Wilson (2000) further questions whether the idea is necessary at all, particularly whether
the behavior accounted for by mental models can in fact be sufficiently accounted for by
working memory and long term memory. Furthermore, recent reviews have struggled to
explicitly distinguish mental models from situation awareness or even from population
stereotypes (Wilson, 2000). Population stereotypes are peoples expectations regarding
system action or movement relationships (e.g. pushing a lever forward moves an item
forward, etc.). Some stereotypes are stronger than others. Situation Awareness, unlike the
mental model which describes generic knowledge about the system, is very dynamic,
representing the human’s knowledge and understanding of the present state of a system.
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Situation Awareness may also assign well-known situations to new unfamiliar system
states. Situation awareness is a persons mental model of the world around them, or in
these terms a situation model of current state. A situation model is developed not just by
observing the world (Endsley, 1995), but is largely influenced by the underlining mental
models that the person has

The situation model therefore provides a window on the broader mental model. The
situation model is key to understanding the mental model, because while portraying
mental models has proven elusive, tools and techniques for grasping the situation model
have been developed (Mica et. al. 2000).
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Experiment I - Mental Model Extraction

Background

Experiment 1. was a "brainstorming" session over a period of two to three weeks, where
several people where involved in structured and unstructured discussions. The initiative
was suggested as a means to collect ideas and background material for the creation of
mental models to be used in the second experiment (Experiment 2). A study was
designed and administered to 16 participants. The ServiceDesigner concept was
introduced and participant responses and thoughts about such a system were gathered.
The study was divided into two parts: a system concept presentation and a participant
survey. System mockup walkthroughs were carried out followed by the gathering
information using extensive questionnaires.

The system concept section of the experiment presented the participants with the
Electronic Services and Service Environment concepts, and demonstrated how existing
services may be combined to create new services. This was done through a series of
walkthrough demonstrations. Using a simple model (“base interface”) designed only to
visually organize the different parts of the interface, the participants were presented with
four connection scenarios. The actual interface activity of connecting the services
(working with service inputs and outputs) was illustrated as being a ‘black box’ and was
presented as a shaded section of the base interface mock-up.

S S

OK

info info

S S

S S

S S

S S

S S

S

OK

Edit

S S

A B C D

Output Output Output Output

OK

OK

Figure 1. Base interface illustration presented in Experiment 1.
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The survey did not mention the term “mental model”, nor define its meaning. The
questions were presented in a batch directly after all walkthroughs were completed. The
focus of the questions were on the connection part of the system, i.e. the ‘connection’
section of the mock-up interface. This area was not developed with much detail in the
interface mock-up.

The purpose of Experiment 1. was to generate mental models from the descriptions the
participants submitted. Some criteria were established in measuring the results of the
experiment. The goal was to find similarities in what participants described about the
system, and try to find patterns in their descriptions. These descriptions where then
shaped into mental models.

Task analysis of the ServiceDesigner

A methodical task analysis was performed for the purpose of clearly defining the parts of
the ServiceDesigner system necessary for successful human interaction. In carrying out
the analysis, understanding of the task was developed and some requirements were
presented to be met in the interface design process. Requirements were applied to the
“base interface” mock-up design used in Experiment 1. However, the task analysis did
not entirely correspond with the actual developed interface, which was only in a very
early stage of development.

 The following items were examined in the task analysis.

• Stimuli - stimuli that initiate the step
• Decision  - decision the human must make in performing the step
• Action - actions required during the step
• Information - information necessary to carry out the step
• Feedback - feedback information resulting from performing the step
• Error and Stress - potential sources of error or stress
• Criterion - criterion for successful performance

The ServiceDesigner system used in Experiment 2, created by Ola Hamfors and Fredrik
Espinoza (Hamfors, 2001), lacked several of the requirements proposed in this task
analysis. The application was in a very early stage of development (V0.10). The purpose
of this project was not to design a user interface or system functionality.  For instance, in
the initial analysis of the system, an automated component (section 1.5 - View Suggested
Connections) was included which has not been implemented in the system. Instead, the
task analysis helped design system mockups. Being based on the task analysis of a fully
functional system, the mockups offered a more representative picture of the future
finished system and its functions. In theory, this should then lead to more valid results in
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Experiment 2, since the mental models created from Experiment 1 were based on a
mockup of a much further developed application interface.

The following user tasks where broken down in the analysis (analysis follows):

1.1 View Selectable Services (Service Portfolio)
1.2 Add / Remove Services
1.3 View Selected Services
1.4 Confirm Service Selection
1.5 View Suggested Connections
1.6 Confirm Current Connections
1.7 Edit Current Connection
1.8 Physically Rearrange Connection

1.1 View Selectable Services (Service “Portfolio”)

1.1.1 Decision: How to navigate among service icons.
1.1.2 Action: Utilizing navigation instrument (clicking arrow button up or down).
1.1.3 Information: User is required to realize that service icons represent available

services, and the number of available services may exceed visible service area –
thus requiring “scrolling” action.

1.1.4 Feedback: Clicking arrow buttons shall result in service icons moving up or down
(the button itself shall present a 3D “depression” look and feel when selected).
Resting the cursor on an icon shall result in the pop up of an information bubble
presenting a short description of the service.

1.1.5 Error and stress: User may have mapping problems, not realizing whether clicking
the “up” button moves icons up or down.

1.1.6 Criterion: User must be able to be made aware of all available services in the
“portfolio” and must be able to successfully view all service icons.

1.2 Add / Remove Services

1.2.1 Stimuli: User locates desired or undesired service (icon).
1.2.2 Decision: User will decide whether she wants to add a new service or remove a

previously added service.
1.2.3 Action: To add a service the user shall click on the service icon. To remove a

service the user must click a previously selected (active) service icon.
1.2.4 Information: To add a service, the user must be able to locate the service in the

service “portfolio”, and click on its icon. To remove a service, the user must
realize which services have been added and be able to click on the icon for the
service to be removed.

1.2.5 Feedback: A selected icon (service) shall be indicated by a modification of the
icon itself within the service “portfolio” and by the appearance of the service icon
in the ‘Selected Services’ area. A removed service shall be indicated by the
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restoration of the icon itself (within the service “portfolio”) and by the removal of
the service icon from the ‘Selected Services’ area.

1.2.6 Error and stress: User may select/deselect undesired services due to icon
similarities, icon proximity, icon labeling, etc.

1.2.7 Criterion: User must be able to successfully select and deselect icons representing
the addition and removal of corresponding services.

1.3 View Selected Services

1.3.1 Stimuli: User adds or removes services to be selected.
1.3.2 Decision: User will decide if it is necessary to navigate among the selected

services in order to view all selected services.
1.3.3 Action: To navigate among selected services the user shall use the navigation

instrument (clicking arrow button left or right).
1.3.4 Information: The system must indicate whether there are additional services

selected other than those visible (up to three services shall be visible by default).
1.3.5 Feedback: Clicking arrow buttons shall result in service icons moving left or right

(the button itself shall present a 3D “depression” look and feel when selected).
1.3.6 Error and stress: User may have mapping problems, not realizing whether clicking

the “left” button moves icons left or right.
1.3.7 Criterion: User must be made aware of and be able to view all selected services

and must detect if there are more selected services than are visible at once.

1.4 Confirm Service Selection

1.4.1 Decision: User is satisfied with service selections.
1.4.2 Action: Select a “use”, “start” or “go” link to proceed to next step.
1.4.3 Feedback: The button or link itself shall present a 3D “depression” look and feel

when selected.
1.4.4 Error and stress: User may proceed prior to being ready, requiring an undo or

return function.
1.4.5 Criterion: Successful use of button/link.

1.5 View Suggested Connections

1.5.1 Stimuli: After confirming service selections, suggested connections shall appear.
1.5.2 Decision: User must determine if connections exist and if any connection

corresponds to user's goal(s).
1.5.3 Action: To navigate among selected connections, the user shall use the navigation

instrument (clicking arrow button left or right).
1.5.4 Information: The system must indicate whether there are additional connections

viewable other than those visible (only one connection is viewable at a time).
1.5.5 Feedback: Clicking arrow buttons shall result in connection ‘maps’ moving left or

right (the button itself shall present a 3D “depression” look and feel when
selected).
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1.5.6 Error and stress: User may have mapping problems, not realizing whether clicking
the “left” or “right” button presents the next connection ‘map’ or a previous
‘map’. User may have trouble differentiating between different connection
‘maps’.

1.5.7 Criterion: User must be able to realize and view all suggested connection ‘maps;
and must detect if there are more available ‘maps’ than the one visible.

1.6 Confirm Current Connections I

1.6.1 Stimuli: A desired connection is generated by the system.
1.6.2 Decision: User identifies desired connection results.
1.6.3 Action: To select a service the user shall click on ‘confirm’ or ‘go’ icon.
1.6.4 Information: The system must indicate that the currently viewed connection will

be selected upon confirmation.
1.6.5 Feedback: Selecting the confirm button shall result in presentation of the ‘done’

screen. (The button itself shall present a 3D “depression” look and feel when
selected).

1.6.6 Error and stress: User may erroneously select to confirm an undesired connection.
May not be able to locate an appropriate connection to suit user needs.

1.6.7 Criterion: User must be able to realize that a connection has been selected.

1.7 Confirm Current Connections II

1.7.1 Stimuli: Possible connection results are presented
1.7.2 Decision: User identifies desired result.
1.7.3 Action: To select connection result the user shall mark desired result and click on

a ‘confirm’ or ‘go’ icon.
1.7.4 Information: The system must indicate that the currently viewed connection will

be selected upon confirmation.
1.7.5 Feedback: Selecting the confirm button shall result in presentation of the ‘done’

screen. (The button itself shall present a 3D “depression” look and feel when
selected).

1.7.6 Error and stress: User may erroneously select to confirm an undesired connection.
May not be able to locate an appropriate connection to suit user needs.

1.7.7 Criterion: User must be able to realize that a connection has been selected.

1.8 Edit Current Connections

1.8.1 Stimuli: The user has viewed all connections.
1.8.2 Decision: User determines no connection exists to match user needs.
1.8.3 Action: To edit a connection, the user shall select the ‘edit’ button.
1.8.4 Information: The system must inform the user that, if desired, a connection may

be edited.
1.8.5 Feedback: Selecting the ‘edit’ button shall result in presentation of the ‘Physically

Rearrange Connections’ screen. (The button itself shall present a 3D “depression”
look and feel when selected).
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1.8.6 Error and stress: User may erroneously select to edit an undesired connection.
User may not realize she may edit any connection to meet needs.

1.8.7 Criterion: User must be able to realize that a connection has been selected for
editing.

1.9 Physically Rearrange Connections

1.9.1 Stimuli: User selects the ‘edit’ button.
1.9.2 Decision: User must decide how the connections shall be configured.
1.9.3 Action: User is required to ‘drag and drop’ input and output connection-nodes to

desired locations on services.
1.9.4 Error and stress: Undesired connections.
1.9.5 Criterion: User is able to create desired connections.

Mockup designs.

Interface mockups were designed with the intent to allow the user to simulate the
manipulation of the different components in the ServiceDesigner application. The
interface design itself was not the purpose of this project, but an interface was required to
gather the data necessary to create the different mental models designed for Experiment
2. In Experiment 1, mental models to be used in Experiment 2. were created.

The mockups were meant to present the participant with a minimalist model of the
application. The very basic functions were represented with simple drawings on plain
paper (see figures 1-7, pp 20-22, 24-27).  Most of the requirements and functionality that
were proposed in the task analysis were included.

At this point, the ServiceDesigner software was in development. There was not much of
an interface. It was crude and ‘techie’, i.e. only the engineers who wrote the program
could use it. During mockup creation, the interface that was being developed was not
studied, since the goal was to create mockups that were based solely on the task analysis
requirements. If the task analysis contained the basis for a finished system that people
will use, modeling an incomplete and under-developed system version in Experiment 1
would not give me valid results in Experiment 2 (mental models representing the finished
system).

Method

Participants.

Sixteen participants (11 men and 5 women) between the age of 21 and 33  (M = 24.8)
conducted the experiment during a one-week testing period. All sixteen participants were
treated exactly the same way. There were no experimental conditions. The purpose of the
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test was to gather information. More participants where desired for the experiment,
however, due to time and cost constraints 16 participants were made available. Thirteen
participants (10 men and 3 women) had completed high school but had no college
degrees. Three participants (2 women and 1 man) had college degrees.

Notices (flyers) were posted at the Royal Institute of Technology in Kista (a suburb to
Stockholm). No limitations on who could participate were stated.

A five point Likert scale was used to rate participants knowledge of computer skills and
the English language. Participants were simply asked to rate their skills. Eleven
participants rated their computer skills “good” or “excellent” (four and five on a five-
point scale). Five participant rated their computer skills “only fair” (three), or less.
Participants were also asked to circle any computer related terms they understood or
where familiar with (13 terms were provided, Pre-test1, Appendix A). A correlation for
the data revealed that the number of circled computer terms and the participants computer
skill ratings were positively related, r = + .82, n = 16, p < .01, two tail. Table 1 describes
the participants in Experiment 1.

Thirteen participants rated their English skills at four or above (good or excellent) and
three participants rated their skills “only fair”, or at three, on a five point scale.

Two movie ticket-vouchers were offered as payment for participation in the experiment.

Table 1
Experiment 1 Participant Statistics

 Experiment  1                    
  
 Participant 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16   
   
1 Gender M M F M M M M M F M M M F F F M 5 F 11M  
   
 Mean Median Range
2 Age 33 28 21 24 23 25 21 24 24 21 22 25 24 24 27 31 24.8 24 21-33
3 Education 2 2 2 2 2 2 2 2 2 2 2 3 3 3 2 2 13 (2) 2(3)
4 English skill 4 4 3 4 4 4 4 3 4 5 4 5 4 4 3 5 4 4 3-5
5 Computer skill 4 4 3 4 5 4 4 5 3 4 5 5 2 2 3 5 3.9 4 2-5

6 Skills selected 8 8 6 7 9 6 7 10 4 2 10 6 1 0 2 7 5.8 6.5 0-10

Apparatus.

Participants conducted the test in a quiet 9x15 ft. room. Participants were presented with
a series of documents to read and study. Using a pencil, participants answered a pre-test
and post-test questionnaire presented on paper (Pre-test1 and Post-test1, Appendix A).
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Procedure.

All procedure documentation was written in English. All participant documents
(questionnaires, instructions etc.) were presented in English versions only. All
participants were Swedish speaking and all oral communication took place in Swedish.
For any questions to be answered in writing, participants were encouraged to answer in
either English or Swedish.

Subjects were scheduled to participate in 75-minute slots during a two-week period.
The experiment session lasted approximately 65 minutes and consisted of 4 sections (all
documents are found in Appendix A):

1. Orientation (5 minutes)
• Welcome and introduction
• Consent and Pre-Test Questionnaire

2. Specific Processes (15 minutes)
• Present Service description document
• Present Service environment description document
• Present User task description document
• Present Available services description document
• Present Base interface document
• Present Example description document

3. Walk-Throughs (10 minutes)
• Present User walkthroughs (4 tasks)

4. Conclusion (35 minutes)
• Post-Test Questionnaire
• Debriefing
• Thank You, Good Bye

1. In the first section of the experiment participants were greeted and then presented
with a Consent Form followed by the Pre-Test questionnaire. The consent form,
to be signed and dated by the participant, followed the proposed consent form
guidelines as published in “Information Packet for Researchers” by the
department of psychology at California State University, Northridge. The form
can be found in Appendix A. The pre-test questionnaire contained six questions to
collect information about the participant’s age, gender, education level, English
skills, computer skills and computer knowledge. See table 1 on page 17 for a
description of the participants in Experiment 1.
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2. In the second section of the experiment, the participants were presented with a
series of documents to read. A description of electronic services was followed by
a description of the service environment. Next followed a description of what the
user task in such a system would be and which services may be available to solve
such tasks (see figure 1, page 20).
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Lotto drawings

Hockey scores

Encyclopedia

Thesaurus

Traffic conditions

Stock quote

Weather and temperature

News headlines

Hazard maps

Internet time

DVD quote by title

CD quote by title

Book quote by title

Telephone listing

Cinema listing

TV listing

Program home VCR

Pay / Purchase / Book

Send SMS

Currency exchange

Calculator

Google search

Dealing playing cards

Translator Returns text translated into a selected language.

Provides NYSE stock quotes.

Returns current temperature for a postal code region.

 Card dealing service, returns a playing card.

Searches the Google search engine.

 Returns maps of historic weather events by postalcode.

Takes a mathematical expression and returns a  result.

 Returns exchange rates between any two currencies.

Provides Internet Time (ITime), as defined by Swatch.

Sends SMS messages.

Returns best price of a book  given an ISBN number.

Takes a highway number and returns highway conditions.

Provides synonyms of a specified word.

Provides a word definition.

Provides team game information.

Provides lotto drawing numbers for specified game.

Provides movie information.

Provides telephone listing information.

Returns best price of a DVD  given a title.

Returns best price of a CD  given a title.

Provides television programming schedule by zipcode.

Returns latest news headlines from CNN.

Allows the user to remotely program a VCR.

Pay for a service, purchase a product or book an event.

Figure 1. Services presented to participants in Experiment 1 to be used in
Experiment 1 walkthroughs.
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These documents were followed by a base interface description and illustration
(Figure 2) and a schematic description (Figure 3). Finally, an example of how two
services may be combined was presented.

S S

OK

info info

S S

S S

S S

S S

S S

S

OK

Edit

S S

A B C D

Output Output Output Output

OK

OK

Figure 2. Base interface illustration presented in Experiment 1.
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Figure 3. Base interface illustration schematic presented in Experiment 1.

S S

OK

info info

S S

S S

S S

S S

S S

S

OK

Edit

S S

A B C D

Output Output Output Output

OK

OK

Delete

1
"Briefcase". Collection of services you may
select from.

2
Selected Services. View selected services. Shows
details about the service : name, inputs/outputs, short
description.

3 Service connections.

4
Service output results.
(may contain several
suggestions.)

d

A service in the
"Selected Services"
area, with details.
Arrows pointing into
the icon are inputs,
arrows pointing from
the icon are outputs.

e Edit currently viewed
connection.

f

Line representing
connection between
an output and an
input.

g Output arrow.

h Selectable result.

i Result description, final output.

c A service in the
"briefcase" area.

b
Scrolls up and
down among
services.

a

Confirms a
selected
service, places
it in the service
view area (2).
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3. In the third section, task walk-throughs were completed with the user. The
participant was presented with the 4 service creation scenarios i.e. the
construction of services based on services placed in a simulated briefcase. Figure
4-7 illustrates the 4 walkthrough-scenarios. The Service connections were
demonstrated using the model and verbal descriptions of actions. In each scenario,
services were simulated as being selected from the “Briefcase” area (blue-1 in
schematic), and then moved to the “Selected Services” section (blue-2 in figure 3,
page 22) for a detailed presentation of each service. Here the service inputs and
output were discussed. Each service requires input in order to perform its task.
The input may come from the user, or from another service. A service needs to
fulfill all its input requirements in order to produce the output. Next, services in
the “Selected Services” area were entered into the “Service Connection” area
(blue-3 in schematic) where they were said to be connected somehow.

No detail was given as to how this connection took place. The area was further
enhanced as an area of mystery by use of gray shading in the mockup. Finally,
services were said to be connected and results were viewable in the “Service
Output Results” area (blue-4 in schematic). Here the participant was instructed to
view the possible connection results and one connection was selected as the
correct one for the desired outcome (some connection results were illogical or non
functional, to show that connections were limited by logic and not physical
properties).  Participants where allowed to comment and question during each
session. Effort was made to include them in the train of thought by going through
each step of the process out loud and assuring the participants understood what
was happening.

Once again, the sole purpose of this section of the experiment was to present the
participant with the idea that: (1) different services exist, (2) they can be collected
in one place, (3) they require certain input information to work (4) they produce
certain output information, and (5) that these services can somehow be connected,
thus producing some other output than when functioning simply on their own.
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1

OKS S

S S

S S

S S

S S

S

OK

OK

A

Purchase a
product.

Allows the user to purchase a DVD which has
been priced using a specified currency.

Currency
exchange

DVD quote by
title Purchase

Returns best price of a DVD
given a title.

 Returns exchange rates
between any two currencies.

Edit OK

Currency
exchange

DVD
quote by

title
Purchase

Figure 4. Walkthrough scenario 1 presented in Experiment 1. Three services are selected
from the "Briefcase" : (1)DVD quote by title, (2) Currency exchange, and (3) Purchase.
These services are viewed in detail, where the user sees the name of the service, it's
inputs/outputs and a short description of what the service does. Next, the services are
connected in some way (the shaded area, this is the "mystery" part). Finally a result of the
connections is presented in the bottom section of the screen. If more connection results
are possible, these are presented as well.
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2

Tv Listing
Program

home VCR

OK

Provides TV programming
schedule by zipcode

Allows the user to remotely
program a VCR

S S

S S

S S

S S

S S

S

OK

Edit

Tv Listing
Program

home
VCR

A

Results in selected
program being recorded.

OK

OK

Figure 5. Walkthrough scenario 2 presented in Experiment 1. Two services are selected
from the "Briefcase" : (1) TV listings and  (2) program home VCR. These services are
viewed in detail, where the user sees the name of the service, it's inputs/outputs and a
short description of what the service does (note: these services have varying number of
inputs and outputs). Next, the services are connected in some way (the shaded area, this is
the "mystery" part). Finally a result of the connections are presented in the bottom section
of the screen. If more connection results are possible, these are presented as well.
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3

OKS S

S S

S S

S S

S S

S

OK

OK

A

 Cinema
Listing

Book it! Pay

Provides movie information. Book an event. Pay for a service.

Books and pays for a selected
movie

that is showing.

Edit OK

Book it!Cinema
listing Pay

Figure 6. Walkthrough scenario 3 presented in Experiment 1. Three services are selected
from the "Briefcase" : (1) cinema listing, (2) book It!, and (3) pay. These services are
viewed in detail, where the user sees the name of the service, it's inputs/outputs and a
short description of what the service does. Next, the services are connected in some way
(the shaded area, this is the "mystery" part). Finally a result of the connections is
presented in the bottom section of the screen. If more connection results are possible,
these are presented as well.



27

4

OKS S

S S

S S

S S

S S

S

OK

Edit OK

OK

Weather and
temperature

Returns current weather
and temperature for a

postalcode
region.

Sends SMS messages.

Send SMS

Send
SMS

Translator

Returns text translated
into a selected

language.

Translator
Weather

and
temperature

Send
SMS

A

Results in translated weather
and temperature information
sent to a specified recipient

B

Sends translated input,via
SMS, to the weather

service (no result)

C

Results in translated
weather and temperature

servics (via SMS).

Figure 7. Walkthrough scenario 4 presented in Experiment 1. Three services are selected
from the "Briefcase" : (1)send SMS, (2) translator, and (3) weather and temperature.
These services are viewed in detail, where the user sees the name of the service, it's
inputs/outputs and a short description of what the service does. Next, the services are
connected in some way (the shaded area, this is the "mystery" part). Finally a result of the
connections is presented in the bottom section of the screen. If more connection results
are possible, these are presented as well.
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4. In the fourth section, the participants were presented with a post-test
questionnaire, encouraging them to think ‘conceptually’ about the task,
encouraging them to invoke mental models matching the task. The questionnaire
had two parts: (1) questions regarding the walkthroughs and the service
collaboration system, and (2) questions regarding the experiment itself
(experimental process). Participants were given as much time as necessary to
complete the questionnaire. The experiment mediator left the room during the
administration of the questionnaire. The participants were thanked, given two
movie ticket-vouchers and shown to the exit.

Results

Fifteen of the sixteen participants answered the eight questions from the study survey.
One participant did not finish.

Discussion

In a similar experiment described by Donald Norman (Norman, 1990) participants were
asked to describe the workings of a thermostat. The aim was for the participants to feel
they were being presented with a solid system process, and then asked to describe it. In
the experiment,  people were asked to describe the workings of the typical house
thermostat. The participants were asked to imagine a room at 65 degrees that they
wanted to heat to 75 degrees. They were then asked which will heat the house faster,
setting the thermostat to 75, or to 90?  Apparently, according to Norman, many people
think that if you would like to heat your house quickly, you should turn the thermostat all
the way up for "maximum heating". This is a common misconception. The actual
functioning of a thermostat is quite different. It does not control quantity of heat but is a
simple on-off switch. It turns the heater on, at "full power", whenever the room
temperature falls below the target temperature. When the target is reached, it shuts the
heater off.

This thinking is based on a mental model of the thermostat. Along the same lines people
have misconceptions regarding the workings of car engines and cellular telephones.
Many people have a similar model of how such a system works. When people are asked
to describe these processes, they often present “incorrect” models. Whether these are
correct or incorrect does not matter. Many people use these items (more or less
successfully) every day.

In the thermostat example the participants were not informed about mental models. They
were simply asked to describe their ideas about how the system works. In this study
however, it proved to be a good idea to present an example such as the car engine
example or thermostat example just prior to administering the survey section of the test.
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This helped some of the participants to understand that in thinking about the processes,
there were no right or wrong answers. It was their imaginative ideas about how these
processes took place that were interesting.

The survey results where organized into two categories: Visualization (how the
participants visualized the system) and Purpose (what the participants felt the purpose of
the system was).

Visualization.

Questions in the survey where aimed at extracting analogy or metaphor information from
the participants. The purpose was to engage the participant into thinking about the
proposed system. Using their own experience and/or imagination, the participants where
required to discuss how the proposed system works and how it may be explained. The
replies were compared on several dimensions that included complexity, categorization
and level of reasoning /quality of responses.

For example, when looking at complexity, the responses varied from very simple (e.g.,
“Lego”) to very complex (e.g., “Like designing electronic circuits. An electrical
schematic has gates…”). Several participant answered questions with similar ideas. The
fact that several participants did submit replies that can be placed within certain
categories (e.g., food, games, Lego, etc.) might have been due to test confounds (or
simply the fact that some subjects where surveyed before lunch). It is probable that a
more controlled study, with many more participants, would yield far more varied
responses. However, a larger study may also provide further evidence to support the
categories identified in this small study. The number and variation of responses in this
study was sufficient for designing three complete mental models of the system.

Responses varied in quality and detail. Some participants likely found parts of the survey
tedious, and simply wrote a quick answer to get through the study (participants where
rewarded with two movie vouchers at the end of the session).

The major categories that were created are listed below in order of reply frequency. There
were several variations in the quality and detail of the answers:

• Lego
• A game (including puzzles)
• Cooking or food preparation (including refrigerators, menus and recipes)
• Stores (big ones and 7elevens, includes shopping)
• Cables and electronics
• Personalities

Purpose.

The survey contained questions intended to extract the participants’ thoughts about what
the  “ServiceDesigner” system may be useful for. Subjects where asked why such a



30

system might be helpful and for what tasks they might use it.  Several participants
described that information of any type appeared to be available. They offered analogies to
how this information was accessible. Nearly all replies had a data bank concept in
common, i.e. that the information is stored in a central place, and different tools are used
to access it.

User replies included encyclopedias, search engines, personal info banks and carrier
pigeons carrying unlimited information around the world.

Models from analysis.

Two models were created based on the results from Experiment 1., and one model (the
Language Model, discussed later) was created based on a research design influenced by
the results of Experiment 1. In Experiment 2., participants were presented with a user
interface of the ServiceDesigner system accompanied by rote instructions, i.e. “how-to-
do-it” knowledge. In addition to the rote instructions for all, one group was presented
with a mental model of the system. Figure 8 bellow (on page 32) illustrates the two
mental models extracted from Experiment 1.

The Food model in figure 8 was created based on several participant descriptions
referring to services as ingredients in the preparation of food. Also, service storage was
compared to food storage in a refrigerator. The model illustration in figure 8 shows a
group of ingredients added together creating a new food. This compares well with the
idea of taking single services, combining them, and ending up with a new product.

The LEGO model in figure 8 below, was created based on several participant references
to the LEGO building block system. This child's toy was very popular with the generation
targeted for this first experiment. The building blocks come in many different shapes,
sizes and functions. These can be combined endlessly. In the model illustration in figure
8, several differently shaped and colored pieces are shown to be combined into a new
larger piece, shaped as a small house. This mirrors well the ServiceDesigner principal of
combining several services to create a new functional service.

(The fact that in both illustrated examples below there are varying number of components
(3 services, 4 Lego pieces and 4 food ingredients), only helps to show the variation in
number of services that may be used, and has no significant meaning)

A third model was planned but not created due to time constraints. The Language model
was based on theories of cognitive psychology and common components found in the
analysis of Experiment 1. The model mirrored sentence creation, involving word
categories and rules of grammar (the positioning and use of nouns, verbs and prepositions
in the creation of sentences). Since most people are familiar with a written language,
handling rules for sentence structure, the Language model would perhaps have been a
superior model to use for this system. The electronic services, used as building stones in
the creation of new services, could be placed in different categories, some resembling
verbs, nouns or prepositions. Each language has its own rules as to which order these
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word categories may be mixed and combined. These rules could apply to the creation of
services as well, not in a 1-to-1 relationship, but as a model of how the ServiceDesigner
system works.
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Figure 8. The two mental models extracted from the results of Experiment 1. A typical
service connection is illustrated on the left and compared to the model on the right. A
comprehensive description of these models are presented on pages 30 and 31.

Cooking

Transfer  money from bank
account.

Find desired CD at best price.

Select a friend from the
address book.

+

+

Sends a CD to a selected
friend.

+

+

+

LEGO

Transfer  money from bank
account.

Find desired CD at best price.

Select a friend from the
address book.

+

+

Sends a CD to a selected
friend.

+

+

+
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Experiment 2 - Mental Model Testing

Background

Due to limitations in time and funding, the experimental design was changed. Initially,
three treatment conditions and one control group were planned. But the final
experimental design was smaller. Only one treatment condition was used and was
compared with a control group. The larger first design is described below, followed by
the smaller experimental design actually used.

In the large design, each of the treatment groups (3) were to receive different mental
models, while the control group (1)  would receive only the rote instructions. Two of the
mental models were to be extracted from the results of Experiment 1, the Lego model and
the Food model (see figure 8 on page 32 and appendix A). The third model, the Language
model, was to be based on theories of cognitive psychology and common components
found in the analysis of Experiment 1.

The original hypothesis was that all three models would produce significantly better
results than the control group, and comparisons between the three experimental groups
would prove one model as being superior to the other two. It was proposed this would be
the Language model. In order for this to be a successful experiment, it would have been
necessary to have far more participants and tasks than there was time and funding for.
Therefore a simple comparison was done instead. To compare the Lego model against a
control group seemed the logical choice, since it was the most popular mental model
suggested by participants in Experiment 1. The final research hypothesis was that
participants exposed to the Lego model would produce significantly better results than
participants who received only the rote instructions for the system.

To summarize, in Experiment 2, participants solved service creation tasks using the
actual system interface, i.e. a working version of the ServiceDesigner software. All
subjects were presented with rote instruction procedures, or “how-to-do-it” knowledge.
One group received a mental model (Lego model) based on analysis from Experiment 1.
A control group received no model at all. Participants were requested to solve a series of
tasks and answer a number of questions. The successful completion of the tasks was
measured (time to complete, number of errors etc.) and compared (dependent variable),
where the independent variable was the mental model presented pre test, or no mental
model presented at all. The group that received the mental model performed better.
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Interface design.

Once a functional version of the ServiceDesigner application was completed, the
interface proved to be quite similar to the mockups that were created. It was expected that
some time would be needed for  redesigning and improving the user interface, so that it
would be simple enough for my participants to use in Experiment 2. Luckily the designer,
Ola Hamfors (Hamfors, 2001), apparently followed some of the more traditional interface
design guidelines. This was fortunate, since time was an issue throughout the project.
Following minor changes to the interface, Experiment 2. could proceed.

Method

Participants.

Sixteen participants (7 men and 9 women) between the ages of 20 and 40  (M = 26.7)
conducted the experiment during a two-week testing period. There were eight participants
in each experimental condition. More participants were desired for the experiment,
however, due to time and cost constraints 16 participants were made available. Ten
participants (6 women and 4 men) had completed high school but had no college degrees.
Six participants (4 women and 2 men) had college degrees.

Notices (flyers) were posted at the Stockholm University library and student union.
Posted flyers stated that no computer engineers or web designers were allowed to
participate. No other limitations on who could participate were stated.

A five point Likert scale was used to rate participants knowledge of computer skills and
the English language. Participants were simply asked to rate their skills. Fifteen
participants rated their computer skills “only fair” (three on a five-point scale). One
participant rated computer skills “poor”, or two. Participants where also asked to circle
any computer related terms they understood or where familiar with (13 terms were
provided, Pre-test 2, Appendix B). A correlation for the data revealed that the number of
circled computer terms and the participants computer skill ratings were positively related,
r = + .46, n = 16, p < .05, one tail. Table 2 describes the participants in Experiment 2.

Fourteen participants rated their English skills at four or above (good or excellent) and
two participants rated their skills “only fair”, or at three, on a five point scale.
Two movie ticket-vouchers were offered as payment.
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Table 2
Experiment 2 Participant Statistics

 Experiment  2                    
  
 Participant 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16   
   
1 Gender M F M M F M F F F F M M F F F M 9 F 7M  
   
 Mean Median Range
2 Age 28 20 23 26 24 40 25 20 32 29 22 32 23 29 31 23 26.7 25.5 20-40
3 Education 2 2 3 3 2 2 2 2 2 3 2 3 2 3 3 2 10 (2) 6(3)
4 English skill 3 4 5 4 4 5 4 4 4 4 4 4 3 4 5 4 4 4 3-5
5 Computer skill 3 2 4 4 3 3 3 4 4 3 3 3 3 3 4 4 3.3 3 2-4
6 Skills selected 2 1 3 2 3 1 1 1 1 2 1 2 1 2 4 5 2 2 1-5

Apparatus.

The ServiceDesigner software and the Salcentral.com website were run on an IBM
compatible PC with a Pentium III processor running at 600Mhz clock speed. A 14-inch
Sony Trinitron monitor was used as display. The computer was equipped with 128 MB of
RAM and was running Microsoft Windows 2000 v.5.00.2195. To access the
Salcentral.com website, the Microsoft Internet Explorer IE v.5.50.4522.1800 web
browser was used. A traditional 104 key keyboard (Gateway) and a 3-button Logitech
mouse were used.

Participants conducted the test in a quiet 9x15 ft. room.

Using a pencil, participants answered a pre-test and post-test questionnaire presented on
paper (Pre-test 2 and Post-test 2, Appendix A). A Sector sports wristwatch was used to
measure participants’ task completion times.
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System Description.

The system used in this particular study involved two separate components in addition to
the human user: (1) the ServiceDesigner application, and (2) the service location web site
called Salcentral.com.

The ServiceDesigner application (Figure 13)  is the software that allows the user to both
create and utilize one single service, or to connect several services to create a new
service.

Figure 13: The ServiceDesigner application, allows the user to visually connect different
services.

The Salcentral website is a Web Service depot, where the user may search among many
different web services created by different authors. A web service is an electronic service
which makes use of the internet as an information source or transportation tool. From the
users point of view, the site does not contain the actual service itself, but the information
(links to software code)  necessary to create a service using a device like the
ServiceDesigner. The ServiceDesigner makes use of the information it collects from
Salcentral.com to create the service and its interface. To construct a simple analogy, it
works as if you were to go to a Chinese restaurant where the ingredients are spread out in
the dining room. You look in the menu and decide upon a dish and then locate the
necessary ingredients. You then walk into the kitchen and tell the chef what dish you
want and where he can find the ingredients for it. At Salcentral.com, all the dishes are
listed and the ingredients for each as well. You locate the information and tell the
ServiceDesigner application where it can find it. In return it produces a service for you to
use. Thus the service does not exist for the user to download. Only the code to create a
service using a tool like the ServiceDesigner.

The following group of figures will further clarify what  a web service is, what is stored
at www.Salcentral.com, what the ServiceDesigner makes use of from Salcentral, and the
purpose of the ServiceDesigner.
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Salcentral.com

The information necessary to create
and use an electronic service or web
service is available on the internet.
Currently there is a website called
Salcentral.com that collects numerous
web services. The site has a search
engine allowing the user to search for
a service by entering key words.

In this example the user
has entered a search for
the word “language”
into the search engine.
The results include
several language
translation services. The
user decides to use one
of these services. The
information needed to
create the service is
called a “schema”. The
“Schema location” link
takes the user to where
the service information
(software description) is
located.
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To the user, the
“schema” containing the
service information is
complicated code
written in an unfamiliar
computer language.
Luckily the user will not
need to decipher the
information. The user
simply highlights and
copies the URL,
indicating the location
of the “schema”.

The ServiceDesigner.

The user copies the
schema location URL
and pastes it here.
When the application is
launched, the WSDL
URL box is empty, but
has now been filled with
the URL for the
language translation
schema.
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When  the “ok” button
is clicked, the
ServiceDesigner
presents the different
tasks (methods) the
particular service can
produce. There may be
several selectable
options in this
“Available methods”
box. In this case, there is
only one option. In this
example, BabelFish is a
given name for a service
and does not explain
what the service does.
Future versions of the
ServiceDesigner will
more clearly show what
each operation of a
service is.
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One task is selected and
added (by selecting the
“add” button) to the
“Added methods” box.
This box indicates which
methods have been
selected as “ingredients”
for the particular service
that is to be created.

Now the “next>>” button
is selected and the service
is created.

The service interface.

In this case, the translation
mode (language to be
translated) is entered and
the text data that we want
to translate.

Selecting the “BabelFish”
button activates the service,
and the results are
displayed in the “Output”
box.
The current version of the
ServiceDesigner does not
prompt the user as to what
information needs to be
entered in the different
fields (in Experiment 2,
these fields are explained
and information is given).
In future versions will be
made more usable.

Text to be translated.
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If we were to return to
Salcentral.com and collect
a URL for an additional
service, we would end up
with several available
methods to select from
when creating our service.

We add the ones we want
into our “Added methods”
box and create the service
by selecting the “Next>>”
button.

Here, the new service
(Shakespearean insult)
and the old language
service share the same
interface screen, but still
perform their tasks
separately.

As we can see, when the
“GetShake..” button is
selected, the
Shakespearean insult
service produces an insult
in the “Output” box.

By selecting the “Connect services” tab near the top of the screen, the user is presented
with a service connection screen (next page).
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Here, the user may
connect the services
visually, by dragging
arrows between them.
This indicates the
direction, source and
destination of the
information to be
exchanged.

As showed previously, the
Translator service requires
two pieces of data to
perform its service. The
user must indicate where
the output information
from the Shakespeare
service should be entered
into the input fields of the
translation service.

In this case, the options
are that the incoming data
is either the language
protocol (en_fr), or the
text itself that is to be
translated. The correct
choice in this case is "Text
to be translated", allowing
incoming text from
"..insult" to be translated.

Language

Text to be translated
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The completed service
combination is viewed
by going back to the
Change Appearance
screen (clicking the tab).

The interface has now
been reduced to only
one activation button,
and one field where the
user shall indicate the
language to be
translated.

The result: The new
service produces a
Shakespearean insult in
French.
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Procedure.

All procedure documentation was written in English. All participant documents
(questionnaires, instructions etc.) were presented in English versions only. All
participants were Swedish speaking and all oral communication took place in Swedish.
Any questions to be answered in writing were to be answered in either English or
Swedish.

Subjects were scheduled to participate in 90-minute slots during a two-week period.
Every second participant, man or woman, was assigned to the experimental group. While
testing the participants I tried not to think about whether they belonged to the control or
experimental group. All instructions and other information were printed beforehand and
each participant read exactly the same information and received exactly the same
walkthrough demonstration. The mental model document was but another document to be
read by the participant.

The experiment session lasted approximately 75 minutes and consisted of 4 sections (all
documents are found in Appendix B):

1. Orientation (5 minutes)
• Welcome and introduction
• Consent and Pre-Test Questionnaire

2. Specific Processes (15 minutes)
• Present ServiceDesigner System (Theory)

1. Electronic Services
2. ServiceDesigner
3. Example of Service Collaboration
4. Study Objective / Participant Task
5. Expectations
6. List of Services
7. Confirm Understanding

• Present the mental model (if not Control Group)
• Present Rote instructions for interface
• Present ServiceDesigner System
• Go through process examples, using rote instructions

3. Tasks (35 minutes)
• Present Tasks (3 tasks)
• Allow the participant to proceed with completing tasks, recording time

to complete, errors, help and verbal utterances. Record general
impression of understanding.
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4. Conclusion (10 minutes)
• Post-Test Questionnaire
• Debriefing
• Thank You, Good Bye

1. In the first section of the experiment, participants were greeted and then presented
with a Consent Form followed by the Pre-Test questionnaire. The consent form,
to be signed and dated by the participant, followed the proposed consent form
guidelines as published in “Information Packet for Researchers” by the
department of psychology at California State University, Northridge. The form
can be found in Appendix B. The pre-test questionnaire contained six questions to
collect information about the participant’s age, gender, education level, English
skills, computer skills and computer knowledge (participants where instructed to
circle terminology they were familiar with from 13 common computer science
terms). See table 2 on page 35 for a description of the participants in Experiment
2.

2. In the second section of the experiment, the participants were presented with a
document describing, in general terms, what electronic services are, what the
ServiceDesigner software is, an example of a service combination, the objective
of the test and the duties of the participant and moderator. Included was also a
short paragraph explaining that the tasks were meant to test the software’s and not
the participant’s capabilities. Finally, a list of services to be available to the
participant was presented (figure 9). If the participant belonged to the experiment
group, the document describing the “Lego” mental model was presented next
(figure 10a+b), followed by the rote instructions (figure 11). If the participant
belonged to the control group, no mental model was presented and the rote
instructions were presented immediately.
Finally, the mediator presented the ServiceDesigner software and the
Salcentral.com web site, followed by a demonstration of the creation of two single
services and one combination service.
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Figure 9. The list of electronic services presented to participants in Experiment 2. These
services were said to be available in the users service “portfolio”.

Real-Time Flight Info

Traffic Conditions

Stock Quote

Temperature Service

Book quote by title

Send SMS

Currency Exchange

Simple Calculator

Shakespearean Insult

Generate a Fortune

Language Translator  (xmethods) Returns text translated into a selected language.

Provides NYSE stock quotes.

(xmethods) Returns current temperature for a postal code region.

Fortune service, returns a fortune (like a fortune cookie)

Insult service, returns an insult (a comical insult)

Takes a mathematical expression and returns a result.

 (xmethods) Returns exchange rates between any two currencies.

(Shiv Kumar or xmethods)Sends SMS messages
(code: sview, sviewpwd).

(xmethods) Returns best price of a book  given an ISBN number.

Takes a highway number and returns highway conditions.

Provides flight information for any air plane.

Send Email (Shiv Kumar) Send anonymous email to anyone.

Temperature Converter (a3vbcode) Converts temperature from Farenheit to Celsius.
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(A)

LEGO

Transfer  money from bank
account.

Find desired CD at best price.

Select a friend from the
address book.

+

+

Sends a CD to a selected
friend.

+

+

+
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The ServiceDesigner works like LEGO.
1. You will be combining different pieces (services) to build models (new services), and

some pieces (services) are usable by themselves.

2. Just like Lego, there are some rules to how you may combine services. Some pieces
fit better than others, while some pieces do not fit together at all. Some services go better
together than others, while some services cannot be combined at all.

3. When you use Lego, pieces can have different colors that help determine their use.
The services in the ServiceDesigner have different names instead.

4. With the ServiceDesigner you can build an item that has a function, or just like with
Lego, you can build a non-functioning item.

5. The typical Lego piece has a certain number of connection buttons and is able to
connect to a certain number of connection buttons.

6. You can imagine that each ServiceDesigner service has connection buttons like Lego,
however these are sometimes differently shaped. Instead of round buttons, they can be
square or triangular, or some other shape.

7. The service may have receptors for buttons differently shaped than its own button
shape. This way it can connect to one service and at the same time receive a connection
from another service with some other shape of button.

8. There is lots of Lego in the toy stores around the world, and you have your own
collection at home, stored in boxes. The ServiceDesigner works the same way, - there are
lots of services all over the world, and you store a few you like in your own service
briefcase.

9. You can go through your Lego boxes at home to grab a specific piece, or you may
grab a few pieces to build a new item. The ServiceDesigner works the same way. You may
access your briefcase at any time to use a service, or you may grab and combine a few
services to create a new service.

10. Once you have selected your Lego blocks, you may lay them on the table, look at a
model or instruction, and connect them accordingly to create the new model you want.
The ServiceDesigner works the same way. Once you have selected the services you are
interested in combining, you create a new interface for them all, by combining their
current interfaces in a predetermined way.

(B)

Figure 10. The Lego mental model text (B) and illustration (A) was presented to the
experimental group in addition to the rote instructions of the system.
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Instructions for using the ServiceDesigner.

1. Start the ServiceDesigner. Double-click the ServiceDesigner
icon.

2. Start the “Find Services” page.

3. Search for a service.

4. Click “Schema location” link for the service you want.

5. Highlight and copy the URL (Ctrl + C).

6. Go to the ServiceDesigner. Click in the WSDL URL box at
the top of the window. Paste the copied URL here (Ctrl + V).

7. Click “ok”.

8. Select components to use from the “Available Methods”
box.

9. Click “Next “ when ready. Remember, when using more
than one service at a time you will need to select several
components.

10. Click “Connect Services” tab to connect the services.

11. Use “Shift” to drag arrows between services. Select which
outputs shall go to which inputs.

12. Done. You can now test the service, and rearrange the
interface if you like.
 
Figure 11. Each participant in the experimental and control group was presented with the
same rote instructions of the system.

3. In the third section of the experiment, the participants were instructed to solve the
three tasks, one at a time. The tasks were formed as user scenarios with a goal for
the participant to meet. The users were first instructed to read the task
instructions, and then discuss how they planned to solve the assignment. The
moderator timed the entire task from the point where the participant reported
having read the task instructions, until the task was completed. During the task,
the moderator recorded errors and the number of times help was necessary for the
participant to continue. Each task was regarded as complete when all needed
services where connected and the participant returned to the “Change
Appearance” screen. The participant needed only to simulate running the new
service, describing the expected results. The new service was not actually run.
Figure 12 displays the 3 tasks that were used in the experiment.
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Task 1

You hate your French teacher. You want to email him
Shakespearean-type insults in French all summer, but you feel
the need to be anonymous. Your French is really bad (you
hate your teacher…) so you are not sure about the
translations. Create a service. Talk aloud while you are
thinking!

Task 2

You are in New York City (postal code 11105). It is incredibly
warm, and you are very hot. You would like to know what the
temperature is where you are, but you have only your
computer and no thermometer. Another problem is that you
don’t really understand Fahrenheit, and would like the
temperature in Celsius. Your best friend is in Sweden where it
is cold and rainy. You want to tease him by sending him SMS
messages every day, with your current NYC temperature in
Celsius. Create a service. Talk aloud while you are thinking!

Task 3

Your school term starts tomorrow, and you have no books yet.
Most of your student-aid money was spent in Las Vegas (part
of your NYC trip this summer), so you have very little money.
You feel an urge to search the Internet for the books you need,
to find them at the very best price. Your math skills are limited
(this is why you are in school still) so you don’t want to bother
with foreign currencies and calculating rates etc. You will be
searching for quite a few books, starting with “Affective
Computing” (ISBN: 9780262661157). Create a service to find
the book you need, priced in a currency you understand. Talk
aloud while you are thinking!

Figure 12. The three tasks were read and solved one at a time, in the same order for all
participants.
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4. In the fourth section each of the participants were given a post – test
questionnaire. The post-test questionnaire consisted of two parts, a section with
questions concerning the tasks and their completion and a part concerning the test
and testing procedure itself. The questionnaire (see Appendix B) included task-
rating questions, where the participants were asked to rate each task for difficulty.
Participants were initially given seven minutes to complete the questionnaire, and
were given additional time if necessary.  The experiment mediator left the room
during the administration of the questionnaire. The participants were thanked,
given two movie ticket-vouchers and shown to the exit.

Results
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All participants completed the tasks and answered the survey questions.
Instances where the participant needed help to continue a task were recorded. Help was
defined as hints given when the participant got stuck, or requested help.  A common help
situation involved the participant asking what to do next or what the next step in the
process was. The group that received the Lego mental model required less help than the
control group; t(14) = 2.97, p<.05, two-tailed.

Errors were recorded, but since this was not a traditional usability test, errors due to
problems with the operating system, browser software or applications were ignored.
Errors were defined as situations where the participant made bad decisions or did not
understand what they were doing. The group that received the Lego model made fewer
errors than the control group; t(14) = 4.45, p<.05, two-tailed.

Time to complete the tasks was recorded. The experimental group completed the first
task, Task 1, faster than the control group; t(14) = 3.26, p<.05, two-tailed. Tasks 2 and 3
were also completed faster for the Lego group, however these results were not
significantly different. Table 4 displays descriptive statistics for the measured variables.

Participants were asked to rate each task for difficulty on a 7 point Likert scale, where 7
was “Completely Acceptable” and 1 was “Completely Unacceptable”. In all three tasks
combined, the Lego group gave a 7 rating 11 times, of which 6 were for the first task,
Task 1. The control group gave the same rating only once. Furthermore, the control group
gave the final task, Task 3, a rating of 4 or below 6 times. The Lego groups’ lowest
overall rating was a 5. See table 3 below for an illustration of the ratings results.

Table 3.
Illustration showing participants’ ratings of the three tasks.

 No Model Lego  
  

 Task 1 Task 2 Task 3 Task 1 Task 2 Task 3  
  

 6 6 3 7 6 5  

 6 6 4 6 7 5  

 6 6 6 7 7 5  

 6 7 5 7 7 5  

 6 6 4 5 6 7  

 5 6 4 7 7 6  

 5 6 3 7 6 6  

 6 6 4 7 6 5  
         
Note. The higher the score, the better rating for the task.
Table 4
Descriptive statistics of variables measured in Experiment 2.
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 No Model  
  
 Help Errors Time Task 1 Time Task 2 Time Task 3  
  
 4 4 12 9 13  
 5 4 14 7 14.5  
 9 6 19 17.5 9.5  
 1 1 11 5 10  
 2 4 18 8.5 17  
 4 2 9 7 10  
 8 5 16 14 11  
 4 3 13.5 9 12  
  
  M = 4.63 3.63 14.06 9.63 12.13  
 SD = 2.72 1.60 3.45 4.11 2.80  
  
  
 Lego  
  
 Help Errors Time Task 1 Time Task 2 Time Task 3  
  
 4 0 7.5 7 16  
 1 0 7 5 9  
 1 2 14 9 14  
 0 1 10.5 7.5 10.5  
 2 0 7.5 5 7.5  
 1 0 8 7.5 7  
 2 1 10.5 6.5 9.5  
 1 2 9 7 10  
  
  M = 1.50 0.75 9.25 6.81 10.44  

SD = 1.20 0.89 2.35 1.33 3.09

       

Discussion and Conclusion

The results support the original hypothesis. Participants who in addition to system
instructions received the description of a mental model, performed better with experiment
tasks compared to a control group. The provided mental model was created with data
gathered from Experiment 1, in which a group of users worked with a mockup of the
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ServiceDesigner system. It is impossible to say whether the system-based model was
better since no group received a mental model not based on the system. One mental
model was created (the Language model) which was based mainly on influences other
than the results of Experiment 1. There were no resources however to test and compare
this model with models based on Experiment 1.

In Experiment 2 three tasks were presented to the user. These were in the form of user
scenarios. The idea was for the user to read the task text and from the information, realize
the need to create a service. The task text (scenarios) themselves did not openly say
exactly what services the participant needed to use to solve the task. This was done on
purpose to see if there would be a difference in performance between the experimental
group and the control group. Furthermore, the first two tasks were of equal difficulty,
while the third task was more difficult. Task ratings confirm this, as participants in both
groups rated the third task as more difficult than the other two. When studying table 3
and comparing the three tasks with each other, we can see that task 3 was rated more
difficult in both groups, while task 1 and 2 look similar.

Table 3.
Illustration showing participants’ ratings of the three tasks.

 No Model Lego  
  

 Task 1 Task 2 Task 3 Task 1 Task 2 Task 3  
  

 6 6 3 7 6 5  

 6 6 4 6 7 5  

 6 6 6 7 7 5  

 6 7 5 7 7 5  

 6 6 4 5 6 7  

 5 6 4 7 7 6  

 5 6 3 7 6 6  

 6 6 4 7 6 5  
         

This is further supported when looking at the task completion times (Table 4). The
control group (no model) completed the second task faster than the first task, but did not
continue to improve with the third task. This was the same for the experimental group
(Lego model). They also improved from the first task to the second task, but failed to
continue improving with the third task. The experimental group had on average better
task completion times in all tasks than the control group. Furthermore, Task 1 was
completed significantly faster by the experimental group than the control group.  This
would indicate learning played a part in task completion, but also that the experimental
group was better off even before the tasks were presented.
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When looking at errors made, errors due to problems with the operating system, browser
software or applications were ignored. Errors were defined as situations where the
participant made bad decisions or did not understand what they were doing. This was up
to the test moderator to decide, and certainly one would require a blind design to
eliminate any tester effects throughout this experiment. Some examples of errors due to
problems with the operating system and software were:

• Accidentally closing a window,
• Not finding a minimized window,
• Double-clicking the back button,
• Not recognizing links, mistyping text,
• Not finding buttons etc.

Some examples of errors that were recorded because the user did not understand were:

• Problems with the connection logic (participants were required to understand in
which direction the information should flow from service to service),

• Problems with the connection order,
• Not realizing a service needs to be connected,
• Not realizing more services were needed,
• Opening several ServiceDesigner applications, one for each service,
• Failed to recognize that necessary services exist in the provided portfolio,
• Fail to recognize that a service is required for a particular task,
• Attempting to add services without first retrieving them from Salcentral.com,
• Highlighting the Salcentral URL instead of the service method URL etc.

Help was defined as hints given when the participant got stuck, or requested help.  A
common help situation involved the participant asking what to do next or what the next
step in the process was. Some popular hints given were:

• need another service,
• wrong service (s)-choose other,
• bad connection-fix it,
• no connection made-connect services,
• you need to add the method,
• you need to select a method,
• you must search for the service you want,
• help identifying what services may be needed to solve task.

The results are supported by previous work. Marx (1992) found in his study that by
providing a mental model in addition to rote instructions, participants performed better in
their tasks. Marx’s model was not derived from the system itself, and thus did not
represent a model based on experienced users. In another study (Fein et. al. 1992; Kieras
et. al. 1984) mental models were shown to be helpful when training new users to use a
novel system. One can certainly find evidence that mental models facilitate the use of
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systems. The results of this study and the work of others clarify and confirm this
conclusion. The question of interest is whether any model will do? Mental models of
systems vary from person to person. No one model is the exact same as another. Thus no
one model suits everyone. However, surveying many users will find commonalities
within each user’s system perception, some more frequent than others. Based on these
findings, a mental model that will help most users can be designed. Therefore, it may not
necessarily be the “expert user” model that is the better model. It is assumed that all
models are not created equal. Some are more “correct” than others; some hurt more than
they help. The “expert user” model may suit only the expert user. Future research could
show that a mental model based on many peoples' use of the system itself, is superior to a
theoretical or designed model.

In this study, mental models devised from several users of the system were created. These
models were to be compared with a so-called “expert model”. Due to limitations in time
and funding only a simple comparison design was allowed.

Currently (April 2002) a new study is being planned using 2 treatment groups. In the new
study, one group will receive a mental model based on results from Experiment 1 of this
study (Lego), and the other group will receive a designed model (Language model)
created only based on theories of cognitive psychology and experimenter "expert"
experience. The new study will include over 30 tasks and 60 participants. The study
hopes to show that a mental model based on many peoples' use of a system itself, is
superior to a theoretical or expert designed model.

The Swedish Institute of Computer Science (SICS) in Kista is the foremost center for
computer science research in Sweden. The multidisciplinary HUMLE laboratory (Human
Computer Interaction and Language Engineering Laboratory) consists of computer
scientists, linguists, psychologists, interaction designers, information scientists and
communication researchers. Students from universities in Sweden and the rest of the
world participate in 6-month thesis project programs, sponsored by the institute. (The
author of this paper is a student at California State University, Northridge, an accredited
university in southern California. The CSUN department of psychology offers a Master’s
Degree in Experimental Psychology with a Human Factors psychology specialization).
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