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ABSTRACT 

 

 There is a lack of tools available to support cross-cultural communication and 

collaboration.  Current research is comprised of assessments of the need for better cross-

cultural communication tools and discussions of simple guidelines for developing such a 

tool.  Existing programs such as chat or video-conferencing have been altered to be used 

in a cross-cultural setting, but little data has been gathered on their effectiveness.  There 

is a need, according to the literature in the field of Computer Supported Collaborative 

Work (CSCW), that cross-cultural tools be developed, researched, and comprehensively 

studied.    

 

 The purpose of this research was to show that a simple cross-cultural 

communication tool can be developed to support electronic cross-cultural collaborations.  

BlissChat was developed in Virginia Tech’s Macroergonomics and Group Decision 

Systems Laboratory for this purpose.   

 

The dependent measures for the study consisted of the time of completion and 

errors committed.  The experimental design was a 2 x 2 between factor design.  The 

factors were divided into a concordant (same language culture) group versus a discordant 



(different language culture) group.  The other independent variable was the environment, 

whether they used the communication tool BlissChat, or in the ideal setting of face-to- 

face (FtF).  The two culture groups used were Chinese first language speakers and 

English first language speakers.   

 

 Participants who used BlissChat were able to perform their tasks as accurately as 

those who met FtF by not committing significantly more errors (p<0.05), but they did not 

perform as efficiently.  The participants using BlissChat did not perform as efficiently as 

those meeting FtF (p<0.05).  It took participants using BlissChat much longer to perform 

their task than participants in FtF conditions (p<0.05).  The consequence of these 

outcomes will effect both the current use as well as the future outcomes of CCSCW.   
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Chapter 1. Introduction 
 

As cross-cultural communication becomes easier and more frequent through the 

advancement of technology and increasing collaboration between global organizations, it 

has become necessary to develop systems that can support such communication.  There 

are instances of around the clock engineering where one engineering team stops work on 

a project and another team in a later time zone picks up the project until it revolves back 

to the original team (Bert, 1999).  This type of collaboration requires teams from different 

continents to communicate asynchronously what they have done or how they want 

something done.  Current communication tools attempt to bridge great geographical 

distances.  These tools include email, real-time text chats, real-time voice chats, and real-

time video feeds. There are even systems available that implement translation software to 

support cross-cultural communications.  These tools allow for communication to occur, 

but they also create possibilities for miscommunication.  Despite these great strides in 

technology, cross-cultural communication can be difficult and may rely on more 

traditional methods such as the use of a human translator.   

 

Programs that translate can be ineffective and give the literal translation from one 

language to another. For instance, one often quoted example is Pepsi's popular "Come 

alive with the Pepsi Generation" slogan, translated literally into Chinese, means "Pepsi 

brings your ancestors back from the grave."  Such miscommunication can be disastrous 

and for a company like Pepsi, a loss in profits.  Companies like General Motors (GM) 

have exported their products to other countries aware of possible misinterpretations.  GM 

sold their Nova model cars in South America realizing that the two words “no va” means 
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“no go” in Spanish.  GM did not think that the name Nova could be misconstrued as “no 

go” due to their lack of cultural understanding.  The Nova sold poorly in South American 

markets until the name was changed to Caribe, which translates as the “Caribbean.”  

Pictures and symbols can also be a barrier in cross-cultural communications.  For 

example, when Gerber started selling baby food in Africa, the company used the same 

packaging as in the U.S. Gerber’s packaging displayed a baby on the label. Gerber later 

learned that in Africa, companies routinely put pictures of product ingredients on labels, 

since many Africans are illiterate.  Perceptions may not be the only problem.   

 

The different ways that people accomplish tasks may cause complexities.  People 

from Western countries tend to write phonetic letters from left-to-right; while in Eastern 

countries ideographical based writing is written from top-to-bottom.  There are also 

differences in people’s thinking process.  English speaking people construct picture-

based sentences in the subject-verb-object form.  Japanese speaking people construct 

their sentences in the subject-object-verb form (Nakamura et al., 1998).  Problems arise 

when people of different behaviors and thinking must interact and use a communication 

method familiar to one person or the other, but not both.  These problems affect many 

aspects of cross-cultural communication, including the field of engineering.   

 

Beyond development tools, there is a need for cross-cultural communication tools 

in engineering.  In computer aided design (CAD) for instance, “web collaboration tools 

for CAD users have dotted the digital landscape” (Smith, 1999, p. 58).  These tools 

include features like file sharing, viewing, and editing.  In addition to engineering tools 
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such as CAD, work is currently being done by group of universities in both Japan and the 

U.S. including Stanford on a Global Enhanced Multifunction Network (GEMnet) 

(Makoto et al., 2000).  The idea behind this and similar information infrastructures is to 

globalize the communication networks of many countries to promote effective 

collaborative experiments.  These types of systems are meant for transnational 

organizations where they function across geographical and cultural boundaries.  

However, when cultural diversity is ignored, the problems these tools pose to the process 

of teamwork often overrides their advantages.  These problems result in the loss of 

productivity (Bento, 1995).   

 

In an engineering environment, information exchanges must be clear and concise.  

This is especially true in a telemedical engineering environment where 

miscommunication will not only result in loss of company profits, but potentially, human 

lives.  For instance, an engineer from Europe may communicate with an American 

engineer that he or she needs to “check” the date interface of the radiological device just 

sent to him or her.  The American engineer, not realizing that the method of dating for the 

radiological material was brought up (US MM/DD/YY, Europe DD/MM/YY), makes an 

incorrect adjustment.  This would then cause the first patients who use the device to get 

an incorrect dose of radiation.  Perhaps in this instance a more appropriate term might be 

fix or change rather than “check”.  This miscommunication could be worse in situations 

where the engineers do not share the same or similar language.  Therefore, the engineers 

must use a more concise and clearer form of communication, one that is common to all 

parties involved.  Blissymbolics (http://home.istar.ca/~bci/) is an example of a system 
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that is designed to provide a common written symbol language to cross cultures.  It is 

simple, but extensive enough to be used as its own language. Blissymbolics can be used 

in a collaborative engineering environment.   

 

1.1 Problem Statement 

 

 There is a lack of tools available to support cross-cultural communication and 

collaboration.  Current research is composed of either assessments of the need for a better 

cross-cultural communication tools or descriptions of simple guidelines for developing 

such a tool.  In terms of actual communication media, some attempts have been made to 

improve upon current communication tools to make them more viable in a cross-cultural 

application.  Current researchers have altered chat and video conferencing for use in a 

cross-cultural setting, but they have gathered little data on the effectiveness of this 

conferencing.  There is a need, according to the literature in the field of Computer 

Supported Collaborative Work (CSCW), that cross-cultural tools be developed, 

researched, and comprehensively studied.    

 

Engineers often need to collaborate with other engineers remotely in other 

countries where the language and culture differ greatly.  However, these collaborations 

may be a short and singular event where the use of complex methods or software does not 

justify the situation.  Engineers need a simple, easily learned and implemented method 

that can provide the desired result.  The objective is to get the tasks done correctly in a 

short amount of time.  Telemedical Engineering is representative of a multidisciplinary 
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field where electrical engineers, software engineers, and physiologists need to collaborate 

to develop equipment and software.  This was an ideal environment for a study where 

people already of different technical as well as cultural backgrounds must work with each 

other.   

Their task was to develop an algorithm using NeatTools, a graphical 

programming language, for hardware already developed.  The engineers used BlissChat, 

a chat-based program using the ideographical language, to accomplish this goal.   

 

1.2 Research Purpose 

 

The purpose of this study was to examine the interaction of engineers from 

different language cultures during collaboration while using a tool developed to integrate 

an international ideographical language with an electronic medium (chat).  The program 

called BlissChat incorporated both the features and advantages of an electronic chat 

program and the ideographical language, Blissymbolics.  The program was tested in a 

telemedical engineering environment where two engineers tried to collaborate on a 

project using BlissChat.  The effectiveness of the tool was determined by how well the 

engineers learned to use the tool and how well they performed tasks when compared to 

the ideal interactive environment of face-to-face (FtF).     

 

1.3 Research Objectives 
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The first research objective was to provide an effective tool for cross-cultural 

communication.  In order for this tool to be effective, engineers must be able to become 

proficient quickly, and apply this proficiency.  Specifically, the learnability, which is the 

ease that Blissymbols can be learned in an electronic real-time environment is important 

(Hix and Hartson, 1993).  The objective was to determine whether a symbolic language 

such as basic Blissymbols can be as effective as a cross-cultural communication tool in 

the electronic chat environment of BlissChat.   

 

The next research objective was designed to study task performance with 

BlissChat.  BlissChat was designed to be used to perform tasks collaboratively.  The goal 

here was to have BlissChat serve as a medium that promotes successful collaborative task 

completion in an engineering setting for cross-cultural users. 

 

The last objective was to study the tool and its interface as the first integration of 

an international ideographical language in the electronic medium of chat.  Since there are 

few standards for the development of cross-cultural tools and their interfaces, it may be 

useful to examine the common user responses to BlissChat.  The issue was whether 

participants felt that BlissChat can serve as an appropriate tool with an equally 

appropriate interface for ideographical communication as well as contribute to the 

understanding of electronic cross-cultural communications.   

 

1.4 Research Questions and Hypotheses 
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To what extent can Basic Blissymbolics support communication in an electronic 

communication environment? 

Blissymbols can be quickly learned and used in an electronic communication 

environment.  Blissymbols is used as a communication system for those with cognitive 

difficulties using language.  In children and adults with normal cognitive abilities it can 

be easily learned in a paper-based form (Fuller, 1997).  Participants were able to use 

Blissymbols immediately after learning it.  This result was evident in the study when 

there was no significant difference between the performances of subjects who use 

BlissChat and those who interact in the ideal environment of fact-to-face.  Also, what is 

meant by “quickly learned” is that the participants will be able to functionally use 

Blissymbols and pass their criterion test during the experiment session.   

 

What impact can BlissChat have in cross-cultural task oriented communications? 

Blissymbols can be used in cross-cultural task oriented communication.  The chat 

program is the same as other chat programs with the notable exception being the use of 

Blissymbols instead of a common language.  Blissymbols enhance cross-cultural 

communications.  Although it may not perform as well as same language same culture 

chat, user performance while using BlissChat was not significantly different from either 

concordant (same language culture) or discordant (different language culture) participant 

groups.   

 

How well can the use of BlissChat develop a better understanding of the tools and 

interfaces used in ideographical communication? 
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Blisschat provided an appropriate interface for communication, because it is basically the 

same as other chat programs.  People familiar with text-based chat programs such as 

Instant Messenger did not have any problems using BlissChat.  Participants expressed 

satisfaction with the tool and its interface, because of its similarity to other tools that they 

are familiar with.  This was proven though QUIS-like questionnaires and monitoring of 

how participants perceive the tool.   
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Chapter 2. Literature Review 
 

2.1 Collaboration 

 

The term collaboration at its broadest describes any kind of project that involves 

more than one person, whether the work is done independently on the same project or 

interdependently on every aspect (Seesing and Grove, 1993).  Even when work is 

performed independently, the facilitation of ideas still needs to occur and communication 

is essential to that process.  The motivation for collaborative work is the idea that a task 

can be better accomplished if the skills and resources of many people can be utilized as 

opposed to those of one person.  This is true when the problem or task is large or 

complex, requiring the skills and knowledge of many people.  Resource management is 

also an important factor, and by increasing the number of people involved in a task, the 

skills required to complete a task is usually better managed.  There are benefits for 

everyone in collaboration.  Organizations tend to benefit from the quality of work and the 

efficiency in which things are done.  However, certain characteristics are neecessary for 

successful collaboration.  Those characteristics are: unity of purpose, task specialization, 

trust in the relationship, involvement in decisions, open communications, supportive 

organizational environment, and high expectations (Seesing and Grove, 1993).  These 

characteristics are the same for electronic collaboration as well and can be applied to 

computer supported collaborative work (CSCW).   
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2.1.1 Computer Supported Collaborative Work (CSCW) 

 

The term “computer supported collaborative work” (CSCW) was first used by 

Cashmere and Greif in 1984 (Grudin, 1991).  CSCW describes how people work in 

groups and how technology can support them.  There are formidable challenges in 

finding solutions to support collaborative work where people of different backgrounds, 

education, and many other attributes must interact.  This becomes even more difficult 

when communication technologies are introduced, because they tend to bridge large 

geographical distances where the differences in areas such as language and culture are 

even greater.  There are different modes for CSCW.  Lawhead (1997) uses this in 

describing the different situations in which distance learning can take place.  

 

Table 2.1 Modes in CSCW (Grudin, 1991; Lawhead et al, 1997) 
 

 Synchronous in 
Place 

Partly 
Synchronous in 

Place 

Asynchronous  
in Place 

Synchronous in Time  
File Sharing 

Combination File 
Sharing and E-

mail 

 
E-mail 

Partly Synchronous in 
Time 

Combination File 
Sharing and Face 

to Face 

Combination of all Combination E-
mail and 

NetMeeting 
Asynchronous in Time  

Face-to-Face 
Combination Face 

to Face and 
NetMeeting 

 
NetMeeting 

 

CSCW can take place in the same location, a different location, or both.  An 

example of synchronous in time and place would be to have a face-to-face (FtF) meeting.  

File sharing can also be used in a situation where people are synchronous in place, but 
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asynchronous in time.  Asynchronous in time and place would utilize a communication 

method such as email.  Finally, asynchronous in place and synchronous in time would 

utilize a tool such as NetMeeting, a video conferencing program developed by Microsoft, 

where both parties can collaborate at the same time despite being in different locations.  

Any situation where it is partly in time and/or partly in place would be a combination of 

any of these tools.  It took many years for these tools to develop their sophisticated 

features.     

 

Early systems of CSCW were expensive and geared towards large organizations 

(Grudin, 1991).  The systems were designed to meet the in-house needs of large 

organizations.  During the early 1980’s there were two major types of software 

development.  One consisted of personal use software from companies such as Microsoft 

and Lotus while other companies such as IBM and Hewlett Packard designed software 

for in-house use by industry and government.  As the needs of larger organizations 

changed to smaller workgroups, the software became more available for uses other than 

for one large organization.  The software could be integrated from commercially off-the-

shelf (COTS) or just purchased.  The majority of this software type can also be called 

“groupware.”  This type of communication is more specifically defined in group decision 

support systems (GDSS).   

 

2.1.2 Group Decision Support Systems (GDSS) 
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Group decision support systems (GDSS) are comprised of software, hardware, 

language components, and procedures that support a group of people in a decision related 

meeting (Aiken et al., 1991).  Current GDSS can be separated into two types or levels.  

The first level of a GDSS provides a communication medium only and level two provides 

decision-making support (Aiken et al., 1991; Fjermested, 1998).  In a GDSS, information 

is very important in the decision making process.  The first level indicates the need for an 

appropriate method of communication.  Level two supports decision-making by 

providing the group with the appropriate data.  However, these two levels are considered 

by Aiken (1991) to be passive agents.  Eventually there will be a level three which 

basically will be a hybrid of level two and expert systems (ES).  Expert systems are 

stand-alone systems, but can provide the group with information such as predicted 

outcomes of decision, changing level three to an active agent.  The artificial intelligence 

aspect of an ES makes it an ideal system to be integrated into GDSS.  However, level 

three GDSS is for future development while current systems are categorized as either 

level one or two.  This study used a level 1 GDSS.  A further breakdown of the GDSS 

taxonomy is possible.   

 

CSCW systems, including GDSS, can be categorized into having three main 

attributes.  These three categories, as defined by Cano, Meredith, and Kleiner (1998), are 

support for the communication process, decision making process, and sense of presence 

or virtuality (Cano, et al., 1998) of the group.  The support for communication and 

decision making processes are independent of each other.  Therefore, it is not necessary 

to have a high level communication process in order to have a high level decision making 
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process.  The third category is that of virtuality, or the presence felt over geographical 

distances.  Low level virtuality is chat or voice conferencing, while a high level presence 

would be fully immersive virtual reality.  These three categories provide the design space 

within which group support systems are designed.  Most collaboration tools can also be 

described by these design characteristics.   

 

2.2 Current Research (Tools) 

 

There are few available cross-cultural communication tools available, aside from 

literal translators that are designed only to translate documents.  Literal translators, as the 

name states, will literally translate a document and often times lose the meaning of the 

document.  However, there are tools such as Colortool which attempt to find a middle 

ground in cultural perspectives (Vanka et al., 1995).  The tool examines colors and how 

they are viewed by certain cultures to find an appropriate color scheme for a computer 

interface.  It is similar to Humanscale in the way it conveys information as opposed to 

altering the information itself.   

 

Helper agent is a chat assistant for cross-cultural communication developed 

between NTT’s Open Lab, Kyoto University’s Department of Social Informatics and 

Stanford University’s Communication Department on GEMnet (Isbister and Nakanishi, 

2000).  Helper agent is a feature on a 3-D virtual meeting place called FreeWalk.  In this 

virtual environment, people from different national cultures can conduct an audio chat 

session.  Moderators have been used in the chat environment to try to bridge gaps in 
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cultural miscommunications.  However, as human moderators are limited, the helper 

agent attempts to become an electronic moderator.  The tools for communication are not 

that different from those already available through COTS products.  Helper agent acts as 

a GDSS in promoting communications by cueing users to chat when the communication 

slows and to provide “safe” topics that would make all participants comfortable.  Isbister 

and Nakanishi (2000) attempted to “mold” the users to the product, rather than having 

helper agent adjust to the users or bringing different users to common ground.   

 

Another example of an actual communication tool is Universal Canvas (Ikehata et 

al., 2000).  It was designed as a CSCW and Computer Supported Collaborative Learning 

(CSCL) Tool.  The program is similar to that of NetMeeting, with features such as text 

chat, audio feeds, and video feeds.  The unique characteristic of Universal Canvas is an 

extra window meant to display pictures.  The system was used as a communication 

medium between French and Japanese users.  The idea was that many communication 

gaps that may occur could be bridged buy a pictorial cue.  Different types of pictorial 

cues were used, including hand drawn pictures and sign language pictures; however, this 

provided only a “rough awareness” of what was being communicated (Ikehata et al., 

2000).   

 

Combines aspects of both (a) and (b)

 

Figure 2-1 Two Categories of CSCW (Ikehata et al., 2000) 

(a) Importance 
on reality 

Universal Canvas 
“Rough Awareness”

(b) Importance 
on portability 
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Figure 2.1 shows the problem involved with a system such as Universal Canvas.  

The two most important aspects of CSCW for Universal Canvas is that it provides the 

freedom of portability associated with long distance communications while trying to 

convey a sense of reality.  By using the notion of “rough awareness,” the study provided 

abstract pictures in order to enhance the understanding of reality between two different 

groups, in this case, French and Japanese users.  In the conclusion of the study, Ikehata et 

al. (2000) found that there were more benefits to the use of Universal Canvas than an 

ordinary CSCW tool.  However, they examined the overall tool and not its rough 

awareness feature.  It is unclear why the participants liked the program or did well.  They 

could have performed well through luck and not used the extra visual cues.   

 

Most studies on group functioning have been done in the context of a single 

culture.  The number of these studies dwindles dramatically when it comes to cross-

cultural team related studies (Bento, 1995).  It is clear that there is little research available 

for cross-cultural collaborative communications.  The current literature such as Bento 

(1995) tries to address the problem, but with little research support.  Culture is a difficult 

area to study, but cross-cultural studies should be performed (Yellen, 1997).   

 

2.3 Culture 
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Culture can be defined as “the collective programming of the mind which 

distinguishes the members of one group or category of people from one another 

(Hofstede, 1991).”   

 

Complex

Specific to Individual 

 
Figure 2-2 Three Levels of Uniqueness in the Human Mental Program (Hofstede, 

1991) 

 

Figure 2.2 shows the human mental programming and how culture fits within this 

programming.  The most important aspect of culture is that it is learned.  Culture differs 

from human nature in that human nature is inherited and universal.  Inherited and 

universal traits for all humans include fear, sadness, hate, and happiness.  However, 

different cultures have different sensibilities to emotions like humor, because some things 

that are humorous to one culture may not be to another.  Both culture and human nature 

contribute to the final level of human programming, or individual personality.  In terms 

of teamwork, the group is the focus and cultural understanding is essential.  It is also 

important to note that culture is not the same as national culture (Hofstede, 1991).  

Personality Inherited and Learned

Specific to Group Culture Learned 

Human NatureUniversal Inherited 

Basic
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Although they often share the same “group,” cultures are not constrained by national 

boundaries.  With that in mind, it is still acceptable to refer to culture groups in terms of 

their nationalities, because international studies rarely go deeper into a culture than at the 

national level.  However, studies on cultural effects on organizations are sometimes 

performed at that level.   

 

2.3.1 Organizational culture 

 

In a collaborative environment it is also important to examine the organizational 

culture.  The culture of an organization includes traits learned by that specific group.  

Organizations tend to reflect the culture that surrounds them.  These cultural 

characteristics or dimensions include power distance, uncertainty avoidance, 

individualism, and masculinity.   

 

According to the indexes of cultural dimensions used by Hofstede (1995), there 

are vast differences in the organizational cultures of the Japanese and Americans in an 

organizational environment.  Japan, for instance, has a much higher power distance than 

the US.  This means that there is a greater range of power between hierarchical levels in 

an organization.  Uncertainty avoidance is greater in Japan also, with people tending to 

avoid uncertain and high-risk situations.  However, individualism is higher in US culture.  

The Japanese tend to identify with the organization while in the US workers tend to 

identify with the job (Kunihiko et al., 1996).  Japan ranks high on the masculinity index, 

 17



because of their emphasis on things such as gender role and age distinctions.  Therefore, 

these dimensions of culture shown in Table 2.2 will be different for different companies.   

 

Table 2.2 Hofstede's Cultural Dimensions (Bento, 1995) 
 
Dimensions Differences in Cultural Assumptions 
Power Distance  The degree to which a hierarchical or unequal 

distribution of power in organizations or society 
is automatically assumed to be legitimate 

Uncertainty Avoidance The degree to which people feel the need to 
minimize uncertainty and risk in everyday life 

Individualism The degree to which people see themselves as 
separate from others and owing the collectivity 
no obligation to conform or sacrifice their own 
self-interests 

Masculinity The degree to which aggressive, materialistic 
behavior is favorably perceived 

 
 

These cultural dimensions can also be applied to technology and how it is perceived or 

created (Marcus and Gould, 2000).  

 

Some of the problems within organizations can be attributed to these dimensions 

of culture.  The differences in these dimensions of culture cause confusion when 

members of different cultures must work together.  Many organizations operate with 

“cultural blindness” by ignoring cultural diversity.  They manage from a parochial 

viewpoint (Bento, 1995).  They do not take into account the advantages or disadvantages 

of cultural differences.  Inside organizations, people work in teams, groups of people with 

different experiences and skills brought together to solve a problem.  Figure 2.3 shows 

the theoretical model for teamwork.  Teams can be defined as a set of at least two people 
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who work together towards a common goal (Rasker et al, 2000).  The behavior of teams 

can be seen in this model as well as how culture fits into the model.   

 

CULTURE

 
Figure 2-3 Cross-Cultural Teamwork (Bento, 1995) 

 

The model shows how cross-cultural team members interact in a collaborative 

environment.  The input includes team members, tasks, and resources.  All these 

categories are influenced by cultural beliefs, behaviors and attitudes.  The outputs are 

influenced by the inputs.  These factors also impact team development.  An important 

issue in team development and team process is communication.  Communication in a 

cross-cultural team is a complex process, requiring the ability to accurately perceive, 

interpret, and evaluate signals (Bento, 1995).  This is an important aspect that, if done 

improperly, can inhibit other factors in the process such as decision making.  In order for 
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team members to understand each other, they must possess the same perspective and 

understanding of ideals being exchanged.   

 

2.4 Team Mental Model 

 

Team mental models are holistic team representations of long-term, relevant 

individual knowledge pertinent to the environment, task, or team member (Cooke et al., 

2001).  Communications play an important role in performance teams and their 

development of a shared mental model (Rasker et al., 2000).  Mental models are a 

network of associations between domain concepts constructed from background 

information.  For teams to work together successfully, teams must perceive, encode, 

store, and retrieve information in similar ways.  Many organizations depend on teams in a 

variety of contexts and effective team functioning requires all member to share a 

common mental model.  In cross-cultural settings, it is very difficult to attain a shared 

team mental model.  In order to establish a team mental model, a medium must be created 

to support model construction and to facilitate convergence.  However, the best method 

of measuring a team mental model is unclear (Lagan-Fox et al., 2000).   

 

Team mental models are difficult to attain, but there are a variety of techniques 

used to determine them.  Researchers would argue that formation of a team mental model 

would be more practical with a shared world and language (Tuomi, 1998).  In an 

electronic environment, many of the mental models forming would become guesswork.  

However, the techniques used to determine shared mental models could be used to 
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eliminate the guesswork.  None of the techniques to determine shared mental models is a 

standard and each case where a team mental model needs to be identified is unique.   

 

 Another way to deal with mental models is to control for them.  This can be done 

by controlling the characteristics and experiences of participants in a study.  The criteria 

for selection must be much more narrow, because the broader the characteristics, the 

harder it would be to control for subjects preconceptions.  Controlling for these mental 

models can also include tests as part of the screening process.  In this study, subjects were 

expected to use a tool based on symbols.  Although it may be outside the ability of this 

study to determine what the team mental models on these symbols are, it is certainly 

possible to control for the mental models associated with these symbols. 

 

2.5 Symbols 

 

Symbols are words, gestures, pictures, or objects that are only understood to those 

who share a particular culture (Hofstede, 1995).  It is important to realize that new 

symbols are easy to develop and are regularly copied by other cultures.  This 

generalization is meant for all “symbols.”  Most studies in cross-cultural communication 

are more interested in written symbols called ideographs.  Chinese is a good example of 

an ideographical language.  Basically, each symbol in the Chinese language represents 

something different.  This is a very complex writing system.  There are 50,000 Chinese 

characters.  The standard set consists of 20,000 characters and about 3,000 characters are 

in everyday use (Sacher et al., 2001).  Despite the complexity of the Chinese language, 
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other ideographical systems are used by people with low cognitive abilities who cannot 

use a phonetic system.  The reason for this is that a phonetic system such as English, 

which consists of fewer than 30 symbols, needs to be decoded to be understood or 

encoded to be written.  Unlike ideographical languages, a written language such as 

English is phonetic.  That means that the symbols in the language represent sounds and 

would be meaningless to people of any other languages.  An ideographical system only 

needs to be recognized for the meaning to be understood.  There is no coding involved in 

the writing or reading of an ideographical system.   

 

Important aspects of ideographical languages are their transparency and 

translucency.  In the case of transparency, the mean of the symbol can be easily 

recognized while in translucency, the symbol can be easily guessed.  Studies have been 

conducted on simple ideographical systems such as Picture Communications Symbols 

(PCS), DynaSyms, and Blissymbols.  These studies have shown that in different cultures 

and ethnicities people view these languages differently, because of their different life 

experiences (Huer, 2000).  Ideographical languages that were viewed to be less 

translucent (less recognized) and transparent (less guessable) were easier for adults with 

normal cognitive abilities to place similar meanings to.  This is because they had to place 

meaning to something new as opposed to having conflicting perceptions of something 

similar to their previous experiences.   These symbol languages have different levels of 

learning by adults, but none would be considered difficult (Fuller, 1997).  This would be 

the case with Blissymbolics.   
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2.6 Blissymbolics 

 

Charles Bliss developed Blissymbols in 1949 as an international communication 

language (Nakamura et al., 1998).  Blissymbolics is its own language of symbols.  Bliss 

developed these symbols when observing a Japanese man and a Chinese man 

communicate even though neither knew a common spoken language.  The 

communications occurred through the writing of symbols.  The ideographic symbols 

embodied the same meanings for both men, although that meaning is spoken differently 

in their respective languages.  After his observation, Bliss was intent on developing a 

simple ideographical language for international use.  Blissymbolics did not catch on as an 

international form of communication; however, it is very popular with rehabilitation 

experts in the disabled community, where it is a language taught to people who have 

problems with normal written or verbal speech.  Despite its unpopularity as an 

international language, researchers still use it to study cross-cultural communications, 

because it does provide efficient communications between people of different cultures 

and languages.  There are many other ideographical systems, but Blissymbolics tends to 

have advantages over the other systems according to Nakamura et al. (1998).  Most 

ideographical symbol systems are designed to be either transparent or translucent.  

Blissymbolics as a system of ideographical symbols and as a language, must be learned, 

not inferred.  Blissymbols is designed simply, so users can master it quickly and easily.   

 

Blissymbols provide an efficient communication tool for cross-cultural users.  It is 

possible for people of the same language from different cultures to understand these 
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representations (Bourges-Waldegg and Scrivener, 1998).  Table 2.3 is an example of 

miscommunications between Chinese and English (US) speakers.   

 

Table 2.3 Unclear Literal Translations 
   
Chinese Word Literal Meaning Actual Meaning 
zhi sheng ji straight move upward plane helicopter 
qiap qiao ban lift up lift up board seesaw 
wei bo lu minute wave stove microwave oven 
shui ni water mud cement 
tie fan wan iron rice bowl secure job 
dian nao electronic brain  computer 

 

The table shows how some Chinese terms have very different meanings when translated 

into English literally.  The example shows the translation of “iron rice bowl,” which 

would not register as a “secure job” for any English speaker.  Problems like this can be 

solved through Blissymbols.  Figure 2.4 displays Blissymbols and illustrates how the 

perception of both Chinese and English can converge on the symbol.  For instance, a 

microwave from Chinese to English would mean minute wave stove.  By using 

Blissymbols a shared mental model of a microwave can be created.   
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Chinese Blissymbol 

 
 

Figure 2-4 Blissymbol Translation 

 

 It is important that people from different cultures can communicate, especially in 

an area such as engineering, where collaboration is a common occurrence.  As mentioned 

earlier, teams in organizations are designed to incorporate people of different cultures, 

but who possess the necessary skills and experiences for the task.  This is also true in 

more specialized engineering fields such as telemedicine.   

 

2.7 Telemedicine 

 

Telemedicine is the practice of healthcare delivery, consultation, treatment, 

transfer of medical data, and education using multimedia communications (Jerant, 1997).  

A telemedical system will be used in the study.  The purpose for using such a system is 

that biomedical engineering is multidisciplinary.  It requires many people of different 

skills and expertise to develop a product.  Areas such as software, hardware, and 

operators must be taken into account (Gottlieb et al, 1999).   

wei bo lu  microwave 

zhi sheng ji  helicopter 

qiap qiao ban  seesaw 

English  
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The interactions involved in a telemedical program is not just between patient and 

health care provider, but can include engineers who must collaborate in order to design 

new hardware or software for a system.  Engineers who are experts in certain aspect of 

the system must communicate with and rely on other engineers who are proficient in the 

remaining areas of the system.  These engineers may be of different backgrounds, 

education, and culture.  This may cause problems with communication, which makes this 

an ideal platform to study cross-cultural communications.   

 

2.7.1 History of Telemedicine 

 

Telemedicine started as an extension of initiatives for videophones or 

communications (Rosen, 1997).  Mostly government funded, it was used in the 1950s in 

an attempt to link people without readily available health care in rural areas to doctors 

and as a link between doctors and hospitals.  These two reasons are still the main goals of 

telemedicine today.  These systems were developed and tested into the 1960s in hospitals 

and universities.  However, the technology proved to be expensive and inefficient.  

Quality health care could not be provided by the technology at the time and there was not 

a sufficient infrastructure for telemedicine.  Development went into a stagnant period 

until the 1980s (Jerant, 1997).  At this time the technology was able to support 

telemedicine at reduced costs, because of the implementation of more powerful 

computers and information infrastructures.  There are currently many different 
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telemedical systems in development.  Some in use are quality communications for 

consulting as well as technologies for evaluation and monitoring.   

 

 

2.8 NeatTools   

 

NeatTools is a software program that can be used as a telemedical system.  The 

program was first used and designed for the Pulsar Project (www.pulsar.com).  Their 

purpose is to “Give the health care professional greater technological power in the 

gathering of patient data and provision of quality and time-critical care.”  The software is 

free and available for anyone to use.   

 

NeatTools is an object oriented programming language.  The user can create 

programs by using and linking graphical objects together.  The software is also open-

ended.  This means that additions can be made through modules.  These modules can be 

created in C++ to increase the functionality of the software.  However, the software is 

already very versatile with the default functions and modules.   

 

Programs in NeatTools receive signals from a source, which is then manipulated 

or transferred for interpretation.  This follows the components of a modern telemedical 

system (Jerant et al., 1997).  An example would be to develop a mouse click device for 

someone with low dexterity.  First, an input device such as a pressure pad would need to 

be constructed.  Applying pressure would be the input for the3 mouse device. With this 
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input, a program can be made in NeatTools that could convert this signal into a mouse 

click.  Physiological monitoring would work similarly.  A patient would attach himself or 

herself to monitoring equipment, which would then send a signal through a NeatTools 

program to a health care professional.   

 

 
Figure 2-5 NeatTools 

 

Figure 2.5 shows the interface for NeatTools.  The objects used in programming can be 

seen in the toolbars.  They can be chosen from the available modules and then dragged to 

the work area.  The modules can then be programmed or linked together to perform a 

task.  In the example, a red button is shown attached to the input.  This enables or 

disables the device.  The signal processing box and is connected to the input, and next to 

the box is a waveform display.   
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 The telemedical software and hardware would not be useful in a collaboration 

environment unless there was a proper means of communications.  A new tool for 

communication is needed and can be developed with currently available software.   

 

2.9 Human Communications Protocol (HCP)  

 

HCP is a method to provide users with instant means for communications 

(http://jason.zwolak.org/HCP/).  The design has an underlying protocol called HCPClient 

and HCPServer which can be used to develop any type of real-time communications 

between 2 or more people.  The protocols and programs are developed for free public 

use.  It is designed with the intention of being easily modified so that the developer can 

add modules to the software allowing for additional features.  This is also a personal 

project of Jason Zwolak design for his personal use as a freeform communications 

platform.   

 

2.9.1 BlissChat 

 

BlissChat was a module developed though the Macroergonomics and Group 

Decision Systems Laboratory at Virginia Tech on HCP as the communication tool for 

this study.  The design of the program is that of a chat program using Blissymbolics.  The 

interface resembles most chat programs.  The difference between BlissChat and other 
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chat programs is that instead of using text, it will use Blissymbols as the method of 

communications.   

 

 
Figure 2-6 BlissChat 

 
As shown in Figure 2.6, a palette of symbols is available for the user to choose with a 

mouse click at the bottom of the chat window.  The program has two display screens; the 

one on the bottom indicates a message being written, while the top window displays the 

previous messages from all parties.  All other aspects of the interface conform to the 

Windows design and are also similar to other chat programs such as AOL Instant 

Messenger.   

 

 In the development of a tool such as BlissChat, it is important that people who use 

it are satisfied with the tool.  Part of this satisfaction comes from the user’s perception of 

 30



the interface.  The development of BlissChat must take into account users of different 

disciplines and cultures.   

 

2.10 Cross-Cultural Human Computer Interfaces 

 

 There are many interface designs for remote collaboration and communications.  

However, not many of these designs are appropriate for cross-cultural use.  In cross-

cultural interfaces, meaning is the central issue.  It is important to remember that there are 

universal characteristics to humans, but not all these characteristics are conveyed in the 

same way (Bourges-Wadegg and Scrivener, 1998).  Information needs to be represented 

in a way that can be understood and learned.  The learned information can affect the 

user’s preferences to an interface.   

  

 This leads to the idea of developing a fluent interface that can interact with users 

of different cultures.  A checklist of cross-cultural interface issues can be used in the 

development of an interface and these issues are: text, information formats, images, 

symbols, colors, flow, and functionality (Russo and Boor, 1993).  With text, some words 

do not translate well to other languages or they do not translate at all.  For information 

formats, not all cultures present information such as number, time, and dates in the same 

format.  Europeans put day before month to represent dates while Americans represent 

dates in the month/day format.  In addition, images and symbols are not viewed the same 

way by different cultures as well.  An Apple computer trash icon resembles a mailbox to 

British users (Russo and Boor, 1993).  Confusion can be caused by color as well.  
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Americans look at the color red as a warning while the Chinese view it as a color of good 

fortune.  Finally, the issue of flow and functionality ensure that the interface is set up in a 

scheme that allows for components to be placed in a logical manner and to provide the 

desired outcome when used.  These are the issues involved in the design of a cross-

cultural interface.  Although the areas of concern were established, Russo and Boor 

(1993) did not offer guidelines to address the issues.  However, it is made clear by 

Bourges-Wadegg and Scrivener (1998) that a shared understanding of the interface is 

needed.   

 

2.11 Lack of Research  

 

 There is very little empirical research on cross-cultural collaboration in an 

electronic environment.  It is agreed, however, that the issue is important and a tool needs 

to be developed to support cross-cultural collaboration.  As discussed in Chapter 1, a 

better understanding of cross-cultural communication can be found in this study.  By 

using Blissymbols as an example of a cross-cultural language, the tool BlissChat was 

applied and studied to examine its effects on cross-cultural collaboration and 

communication.   
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Chapter 3. Methods 
 

3.1 Experimental Design 

 

The experimental hypothesis was tested using a 2 x 2 completely randomized 

between factors design.  The experiment took place in a collaborative environment where 

participants had to work together on a telemedical project.  The collaboration was 

facilitated through the communication tool BlissChat.  The design can be seen in table 

3.1.  Table 3.1 shows the distribution of each subject group and the design.    

 

Table 3.1 Experimental Design 
     

  Concordant 
English/English

Discordant 
English/Chinese  

Without 
BlissChat S1 S2  

[Same Task] With 
BlissChat S3 S4 * Criterion 

Test 
 

 

3.1.1 Independent Variables 

 

 There are two independent variables in the experiment.  The first independent 

variable was between concordant and discordant groups and it is called culture.  In the 

concordant group, teams (pairs) of participants whose first written language is English 

were observed working on some tasks.  The discordant group also had teams (pairs) of 

participants, but they had differing first languages with one participant having first 

learned English and the other Chinese.  The purpose for this independent variable is to 
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determine if collaboration with or without the BlissChat is affected by culture, in this 

case different learned written languages.   

 

 The other independent variable is for the different participants groups to perform 

a task using either BlissChat or in a face to face (FtF) environment and it is called 

environment.  The task was identical for the participants that use BlissChat and for those 

who did not.  However, subjects who used BlissChat underwent a tutorial on the tool as 

well as a criterion test to determine a sufficient level of knowledge before the use of the 

tool.  This independent variable of environment was to determine the effectiveness of the 

tool BlissChat as compared to the “ideal” (FtF) environment.  Also, it helped show how 

different cultures react to a tool such as Blisschat.  For these independent variables, the 

measures of time and errors were to be used.   

 

3.1.2 Dependent Variables 

 

The dependent variables were of time and error.  Time was measured for both 

tasks and subtasks.  Time was measured for the whole task as well as the steps within the 

task, basically the time it took each team to complete their assigned tasks from start to 

finish.  Errors were also measured, ignoring slips, because the participants had a delete 

function to correct such as errors.  Only errors sent to the other participant were counted 

during the collaboration.   
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Comparisons of these measures were made between the concordant and 

discordant groups and between the groups that used the tool and those who collaborated 

face-to-face.  The effectiveness of the tool as compared to an ideal situation and the 

reaction of the different pairings of collaborators provided the needed information to 

address the experimental objectives.   

 

3.2 Participants 

 

In determining the number of participants needed in the study, the formula in 

Figure 3.1 was used.   
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Figure 3-1 Using Power Charts to Determine Sample Size (Keppel, 1991, p. 77) 
 

The equation shown in Figure 3.1 used in conjunction with Pearson-Hartley (Keppel, 

1991) charts helps to give an estimated number for subjects needed in a study to achieve 

a desired power and alpha (α).  The term  gives the statistical value needed to 

determine if the number of subjects chosen meet the requirements of the study.  By 

finding where this term meets a predetermined alpha and degree of freedom on the 

Pearson-Hartley chart, it is possible to see if the predetermined power has been met.  This 

experiment has an alpha level of 0.05 along with a power of 0.80, as it is the most 

commonly used in cognitive studies (Keppel et al., 1992).  With these values known for 

use with the Pearson-Hartley charts, an estimate can be made with the equation in Figure 

2
Aφ
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3.1.  The term n’ represents the number of subjects used in the study.  The term µi 

represents the treatment means, which can be the expected values or extrapolated from a 

pilot study.  The term µT is just the mean of µi.  Term a represents the number of 

treatment means with  representing the common variance in the treatment means.  

With some of these values known and estimated for a 2x2 experimental design, the 

number of participants needed in this study is 5 per between group.  Since there are four 

between groups, a total of 20 participants are needed.  However, as explained later, the 

experiment involed running two participants simultaneously (teams).  This means that the 

two subjects will only count as one, due to issues of interdependency, in total 40 subjects 

will be needed in this study.   

2
/ ASσ

 

The participants included people with an engineering background and people 

familiar with any kind of chat program.  The participants were mostly engineering 

students at Virginia Tech.  The variable of gender is not a central issue in the study, but 

an attempt for equal samples for gender was made.  The age of the participants were 

mostly in the early twenties, while anyone between the ages of 20-40 was acceptable.  

The lower limit of 20 is to ensure that students have had some experience in the field of 

engineering and the upper limit is to keep engineers within the technology curve for 

electronic communication tools.  The participants also must have learned either English 

(US) or Chinese as their first written language.  Simplified Chinese was acceptable for 

the study.  US participants are used because they were the most widely available.   
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Chinese participants were used instead of participant groups like those in Europe 

in order to provide the greatest contrast with the US participants.  Another important 

factor is that the majority of research done in cross-cultural studies involves European, 

Japanese, or Chinese groups.  Like the US groups, the choice for Chinese participants is 

because they offer a larger participant pool than the available Japanese participant pool in 

a U.S. university environment.   

 

There were a few confounding variables to the experiment, but they could not be 

eliminated due to the limited resources.  One such variable is that Chinese participants in 

the US would already be influenced by the culture and language.  In order to eliminate 

this, it would be necessary to go to China and test participants there.  This can be limited 

by using participants who have only been in the US for a short amount of time.  

However, this may not be as confounding as one might think.  Aside from cultural 

influences through the media, people accepted to universities (including engineering) in 

Japan and China must have a certain level of proficiency in English.  Even if participants 

were tested in China, they would have already been influenced by the culture and 

language.   

 

A pilot study was also conducted with 4 participants.  There were two teams of 

pilot participants who ran two of the experimental conditions.  This was to test the setup 

and timing of the experiment.  The data gathered will also be used to further strengthen 

the justification for the number of participants used through the equation in Figure 3.1.   
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3.3 Facilities 

 

 The study was conducted in the Macroergonomics and Group Decision Systems 

Laboratory.  The lab is equipped with computers, software, and Internet connections to 

facilitate collaborative research.  As can be seen in Figure 3.2, the setup is also arranged 

to meet the needs of collaborative experimentation.   

 

 

Figure 3-2 Facility Setup 
 

3.4 Equipment  

 

Two IBM compatible computers running Windows operating systems were used 

to run and use BlissChat.  BlissChat was running off of the HCP server (one of the 

computers doubled as server and workstation) with both computers acting as 

workstations.  The PCs needed an internet connection of at least 56kps, a speed of 

Pentium or above, and 128 Mb of RAM to be able to properly connect to the HCP server.   
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NeatTools was used on the PCs as well.  NeatTools must also interface with 

hardware components.  The main component needed to get data to the program is 

Thing3B (THG-3B), which is a signal processing box (3.3).  The box converts raw data 

signal into a form that NeatTools can read.  Input devices are then connected to THG-3B.  

THG-3B is then connected to the computer’s RS232 (serial) port.  The input devices used 

for this experiment was a pressure pad and motion glove.  These two devices can be seen 

in Figures 3.4 and 3.5.   

 

 
Figure 3-3 Thing3B (THG-3B) 

 

 
Figure 3-4 Pressure Pad 
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Figure 3-5 Motion Glove 

 

All these devices were meant to be used to simulate engineering task conditions 

for the participant teams.  To monitor the experiment a video camera with a time stamp 

feature was used to document the event.  Also, a scan converter was used to capture the 

computer display monitoring the participant’s activities.  Both these feeds were then sent 

to a video mixer so that both signals were recorded.  The camera with the time stamp 

provided a timer to analyze task time.  The computer scanned image documented errors 

made by the participant while performing the tasks.   

 

3.5 Tests and Questionnaires 

 

 A background questionnaire was given by the administrator to the participants.  

The background questionnaire consisted of demographic information to verify they met 

the requirements of the experiment.  Another questionnaire was given by the 

administrator to the participants.  This questionnaire was based on the Questionnaire for 

User Interface Satisfaction (QUIS-University of Maryland) (Chin et. al, 1988; Davis, 

1989).  Although based on the QUIS, the questionnaire was altered to gather information 

on the participants’ satisfaction towards the interface and the application of the tool.  This 
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questionnaire implemented a Likert-type scale and was only given to the participants that 

used BlissChat. 

 The participants also completed a criterion test.  This test was a combination of 

two of the four test types according to Dick et al. (2001, p. 148), which was a 

combination of the practice test and posttest.  The purpose of a practice test is to 

encourage a learner to reinforce what they have learned while the posttest determines the 

learner’s level of mastery.  This is important in providing baseline knowledge that will 

reduce any variability between participants.  This test ascertained the participants’ ability 

to recognize Blissymbols while using a reference sheet.  The experiment set a criterion 

level of 80 percent.  This criterion level is set high due to the reasoning that participants 

should be able to recognize and understand all the symbols when using a reference sheet.  

This mastery level also reflects the expected performance of the participants.  The 20 

percent error level is to account for other mistakes such as slips.  The test itself is open-

ended with participant writing down the meaning for the Blissymbols.  Only participants 

who use BlissChat completed the criterion test.   

 

3.6 Procedures 

 

 The whole experimental procedure can be seen in Table 3.2.  Each step is broken 

down and an estimated time of completion is given.   
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Table 3.2 Breakdown of experiment timing 
  
Event Estimated Time (min) 
Explanation and informed consent 10 
Background questionnaire 5 
Explain Task Requirements and NeatTools (separately) 15 
Explain Blissymbols and BlissChat* 10 
Criterion Test* 10 
Perform Task 15 
Tool and Interface questionnaire* 10 
  
Total time 75 (1hr 25min) 
*only performed in BlissChat Scenarios  

 

Once the participants had been recruited, each was given an explanation of the 

experiment and the informed consent.  Then a background questionnaire was given to 

determine the participant’s demographic information and experience level with chat 

programs and the other tools used in the study.  The experiment provided an explanation 

by the administrator of the task’s requirements and a description of NeatTools.  The 

participants were given a brief tutorial on NeatTools and were instructed separately on 

their task objective by the administrator, because the objectives were different between 

the two participants.  The participants using BlissChat performed the next two steps.  The 

first of these two steps required the participants to get a tutorial on Blissymbols and 

BlissChat.  The second was a criterion test.  This test made sure that the participants 

begin with certain baseline knowledge of Blissymbols.  If the participants failed the test, 

they would have to repeat it until they passed.  All participants performed the task, which 

was recorded by the administrator.  At the conclusion of task performance, the 

participants were given a QUIS-type questionnaire that measured their satisfaction with 

the interface and effectiveness of the tool.  The participants were able to conclude the 

experiment at any time.   
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3.7 Tasks 

 

The same task was used for all conditions (with or without the use of BlissChat).  

Two participants collaborated on an engineering task on the object oriented programming 

tool NeatTools.  The task had four main components.  The first component involved one 

participant asking the other to describe the hardware components that he or she had in 

front of them.  The participant with the device responded appropriately to the question.  

The second component involved the first participant directing the second through the 

process of installing the physical device.  The third part of the task instructed the 

participant that received the instruction to ask the other participant to describe what they 

have on the software NeatTools screen.  Once the proper responses were given, the 

participant asking for the NeatTools description then directed the other participant to 

properly create the NeatTools Program, which was the fourth main task group.  The 

participants exchanged confirmation to ensure proper responses.  A script for these tasks 

can be seen in Appendix D.  Also, the actual participant that performed each task is 

irrelevant, as the score will be averaged due to the presence of interdependency.  

Throughout the task, the participants that used BlissChat were able to use a reference 

sheet.  Participants that did not use BlissChat communicate in English in the ideal face-

to-face setting.   

 

3.8 Statistical Analysis 
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 Three two-way analysis of variance (ANOVA) were performed for the single 

measure time and two measures of errors.  The main effects were determined for these 

dependent variables.  The data were then calculated through the ANOVA tables for 

significance between all of the factors.  The two-factor ANOVA not only provided a 

statistically more powerful analysis than a one-way, but allowed for the interactions to be 

examined as well.  Time gauged the efficiency between the different groups, while errors 

gauged the quality of the communication.   

 

The QUIS-type interfaced questionnaire, which used a Likert-type scale, was 

evaluated with the Kruskal-Wallis analysis.  The nonparametric procedure was used to 

analyze user satisfaction with the tool and interface between the all possible groups that 

use BlissChat.   

 

 The post-hoc evaluation of Tukey HSD was also used to analyze the data.  This 

allowed for a more detailed display of where the significance specifically occurred.  
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Chapter 4. Results 
 
 
4.1 Quantitative Results 

 

 The data reported in this chapter were collected in order to answer the following 

research questions: 

• To what extent can Basic Blissymbolics support communication in an electronic 

communication environment? 

• What is the impact that BlissChat can have in cross-cultural task oriented 

communications? 

• How well can the use BlissChat develop a better understanding of the tools and 

interfaces used in ideographical communication? 

 

 

4.1.1 The Experimental Model 

 

 As seen in Table 3.1, the experimental design used in this experiment was that of 

a 2-factor between-subjects design.  The following is the structural model for that design 

where αi corresponds to the test environment (FtF or BlissChat) and βj corresponds to the 

cultural groups (English or Chinese):   

 

 Yijkl = µ + αi + βj + γk(ij) + αβij + εl(ijk) 
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The following are the expected mean squares for the structural model:   

 

E(MSA) = bnσα2 + σγ2 + σε2  = 48σα2 + σγ2 + σε2
E(MSB) = anσβ2 + σγ2 + σε2  = 48σβ2 + σγ2 + σε2
E(MSAxB) = nσαβ2 + σγ2 + σε2 = 24σαβ2 + σγ2 + σε2
E(MSS/AB) = σγ2 + σε2   = σγ2 + σε2
 

Table 4.1 shows the ANOVA summaries table for the experimental design used in this 

study with a 0.05 significance level (α).  Unless otherwise noted, all statistics were 

performed by JMP.   

 

Table 4.1 2-Way ANOVA Summaries Table 
 

Sources of Variance  df   SS  MS  F-ratio
A    (a-1) = 1  SSA  MSA  (MSA)/(MSS/AB) 
B    (b-1) = 1  SSB  MSB  (MSB)/(MSS/AB) 
AxB    (a-1)(b-1) = 1  SSBxA  MSAxB  (MSAxB)/(MSS/AB) 
S/AB    ab(n-1) = 20 SSS/AB  MSS/AB
Total    abn-1 = 23 SSTotal
 

Additionally, the post hoc Tukey HSD (honestly significant difference) test was 

performed on the ANOVAs when possible by using the following equation:  

 

g

w

N
MS

qHSD αα =  

 

4.1.2 Pilot Study 

 

Two teams were observed in the pilot study.  The reason for this pilot study was 

to work out the flow of the experiment as well as to confirm the number of subjects 
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needed. The results are shown by using power charts as can be seen in Figure 3.1.  The 

teams were subjected to both the environments of FtF and Blisschat.  However, they were 

not tested between culture groups.  The English culture group was used because it 

represented the most homogeneous team pairings.  The potential performance between 

the English teams was better than that of the Chinese teams.  Therefore, this group 

provided a more stringent test for determining the power of the experiment.   

 

Table 4.2 Pilot Study Raw Data 

 
   Concordant (English/English)

   Time Communication 
Errors 

Task 
Errors  

 
Co-

participant1 5.45 3 1  

FtF Co-
participant2 5.45 1 0  

 

Team 
1 

Team 
Average 5.45 4 1  

       
   Concordant (English/English)

   Time Communication 
Errors 

Task 
Errors 

Criterion 
Test 

 
Co-

participant1 28.65 0 0 1 

BlissChat Co-
participant2 28.65 1 0 0 

 

Team 
1 

Team 
Average 28.65 1 0 0 

 

 As can be seen in Table 4.2, the results show a large difference between the times 

of both groups.  This time difference was approximately 23 minutes.  The time used to 

determine a power of 80 for the experiment was five minutes.  This five minute 

difference requires a minimum of five teams per subject group.  The data shown in the 

pilot study exceeded this minimal limit, confirming the number of subjects to be used 

was appropriate to maintain the integrity of the experiment.   
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 Some changes were made after the pilot study to improve upon the main study.  

These changes were mostly from the administrator’s standpoint.  The changes included 

simplifying the instructions as well as give the participants enough time to prepare for the 

main tasks during the sessions.  Some instructions were also made clearer, because of 

some confusing exhibited by the participants during the pilot study.   

 

4.1.3 Dependent Measures 

 

 Everyone completed and passed a background questionnaire designed to screen 

the participants for knowledge in engineering and chat programs.  The participants who 

used BlissChat also passed a criterion test design to evaluate their proficiency of 

Blissymbols on their first try.  The data gathered in the main experiment can be seen in 

Table 4.3 where the data from all three dependent measures were taken.   
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Table 4.3 Data from All the Teams 
 

Team 
Culture Environment Time 

Communication 
Errors 

Task 
Errors 

     
Concordant FtF 5.18 2 2 
Concordant FtF 3.01 1 0 
Concordant FtF 2.83 1 0 
Concordant FtF 3.37 1 1 
Concordant FtF 3.83 0 1 
Concordant FtF 3.75 0 2 
Discordant FtF 4.50 0 1 
Discordant FtF 3.30 2 0 
Discordant FtF 3.13 0 1 
Discordant FtF 6.02 1 0 
Discordant FtF 3.77 1 1 
Discordant FtF 4.10 1 1 
Concordant BlissChat 25.00 1 0 
Concordant BlissChat 18.95 1 1 
Concordant BlissChat 25.27 1 0 
Concordant BlissChat 24.15 0 0 
Concordant BlissChat 26.00 1 1 
Concordant BlissChat 26.43 2 1 
Discordant BlissChat 21.57 1 1 
Discordant BlissChat 24.33 2 0 
Discordant BlissChat 25.68 2 1 
Discordant BlissChat 27.10 0 0 
Discordant BlissChat 25.90 2 2 
Discordant BlissChat 21.55 2 1 

 

The table shows the four different conditions to which teams were assigned.  Each team 

represented either a concordant or discordant culture pairing, as well as whether they 

performed the tasks face-to-face or through BlissChat.  The corresponding columns next 

to each condition represents the time it took for the teams to perform the tasks, the 

number to communication errors made, and the number of tasks errors from left to right.   

 

 With these data we can look at the main effects of the experiment.  By using this 

preliminary analysis, while inspecting the average over the levels of each other, the joint 

influence is disregarded.  Although this does not substantiate any of the hypotheses, it 
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gives good indicators on potential areas of inquiry.  Table 4.4 shows both the means for 

the experiment and main effects for all the measures.   

 

Table 4.4 Means and Main Effects 
 

      Time 
 Concordant Discordant Mean 

FtF 3.66 4.14 3.9 
BlissChat 24.3 24.36 24.33 

Mean 13.98 14.25  
    

Errors 1    
 Concordant Discordant Mean 

FtF 1 1 1 
BlissChat 1 2 2 

Mean 1 2  
    

Errors 2    
 Concordant Discordant Mean 

FtF 1 1 1 
BlissChat 1 1 1 

Mean 1 1  
 
Table 4.4 also shows the means and main effects for all three measures of time, 

communication, and task in tables ordered from top to bottom.  Both factors of the 

experiment are displayed with the rows representing environment (FtF or BlissChat) and 

the columns representing the culture group (concordant or discordant).  The values at the 

intersections between the factors is the mean for that particular combination of 

independent variables referred to as simple effects and the numbers at the far right and 

bottom are the means for the means in that particular factor.   

 

4.1.4 Measures of Time 
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 Time was used to gauge performance of the teams.  The time it took for each team 

to complete the assigned task was recorded.  Figure 4.1 shows the main effects for the 

measures of time taken in the experiment.   

 

Environment Main Effects
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Figure 4-1 Main Effects for Environment in Measures of Time
 
The main effects represented in the Figure shows the main effect for both the 

environment of FtF and Blisschat.  The figure shows that the time taken to com

tasks when the teams used Blisschat was much greater than when they perform

tasks face-to-face.  This is a strong indicator that the environment plays a large

time it takes to complete tasks.   

 

Main effects for the factor of culture can be seen in Figure 4.2. 
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Figure 4-2 Main Effects for Culture in Measures of Time 
 

In Figure 4.2 the main effect for both concordant and discordant groups are pr

the same.  This indicates that culture did not contribute to the time it took for t

complete their tasks.   

 

 Figure 4.3 displays the values of the simple effects in order to detect a 

interaction that is whether values of one independent variable were not the sam

levels of the second independent variable (Keppel et al., 1992).   
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Figure 4-3 Interaction Between Culture and Environment in
 

Figure 4.3 suggests the values of time for the experiment to be the 

the independent variable.  This would indicate that there is no inter

variables.   

 

 A two-way ANOVA was performed on the measure of time

Table 4.5.   
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 Measure of Time 

same across levels of 

action between the 

 that can be seen in 



Table 4.5 ANOVA for Time Performance 
 
Sources of Variance  df  SS  MS  F   P
Culture (A)  1  0.4213  0.4213  0.1141  0.7391 
Environment (B) 1  2503.9008 2503.9008 677.8625 0.0000* 
Interaction (AxB) 1  0.2646  0.2646  0.0716  0.7917 
Error    20 73.8764 3.694 
Total    23 2578.4631 
 
* indicates significance at p<0.01 
 

The results of the ANOVA confirm what the Figures for the main effects suggested.  The 

factor of environment showed a significant difference.  There was no significant 

difference for the factor of culture.  Additionally, there was no interaction between the 

two factors.  It is observed that environment produced a very large effect that might have 

masked out any possible effect for the other factor or interaction.  An additional ANOVA 

was performed by using values that were filtered by subtracting each team data from the 

mean.  However, this produced an ANOVA identical to Table 4.5, showing that culture 

did not produce a significant effect and that there was no interaction.   

 

 The pairwise Tukey HSD (honestly significant difference) test was used as the 

post hoc test for the ANOVA.  With this test, each unique experimental condition can be 

compared to one another to determine where significance occurs or does not occur.  This 

can be seen in Table 4.6.   
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Table 4.6 Tukey HSD Test for Time 
 

            LSMean[i] By LSMean[j] 
Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Con,Bliss Con,FtF Dis,Bliss Dis,FtF 

Con,Bliss 0
0
0
0

20.6383
1.10963
17.5326
23.7441

-0.055
1.10963
-3.1608
3.05078

20.1633 
1.10963 
17.0576 
23.2691

Con,FtF -20.638
1.10963
-23.744
-17.533

0
0
0
0

-20.693
1.10963
-23.799
-17.588

-0.475 
1.10963 
-3.5808 
2.63078 

Dis,Bliss 0.055
1.10963
-3.0508
3.16078

20.6933
1.10963
17.5876
23.7991

0
0
0
0

20.2183 
1.10963 
17.1126 
23.3241

Dis,FtF -20.163
1.10963
-23.269
-17.058

0.475
1.10963
-2.6308
3.58078

-20.218
1.10963
-23.324
-17.113

0 
0 
0 
0 

 

Table 4.6 shows all the possible comparisons between groups by looking at one pair at a 

time.  The table shows that significance occurs in all the groups that involves a 

comparison between different environments (underlined cells).  Unless a comparison 

between concordant teams occurred, no significance was found with this test.   

 

4.1.5 Measures of Communication Error

 

Another measure used to gauge the performance of the teams was tabulating the 

number of errors.  The error value was determined by tracking the amount of errors made 

by both members of the team and that number was then averaged between the team 

members to get a team average.  The results from these data can be seen in Figure 4.4.   
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Environment Main Effects
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Figure 4-4 Main Effects in Environment for the Measures of Communica
 

The graph shows there was a difference in the number of communication error

between the different environmental groups with more errors made while usin

BlissChat.  This would indicate that there is possibility that the different enviro

factors resulted in different performance.  However, it should be noted that the

is only one error, which is a small margin.   

 

 Table 4.5 shows the main effects between the culture groups for the me

communication error.   
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Figure 4-5 Main Effects in Culture for the Measures of Communicat
 

Figure 4.5 shows a difference in the errors made between the different cultu

similarly to that of Figure 4.4.  The discordant group shows a higher number

This also indicates that culture could be a possible cause, but the difference 

small.   

 

 The interaction between these two variables is examined and this can

Figure 4.6.   
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Culture x Environment Interaction
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Figure 4-6 Interaction Between Culture and Environment
Communication Errors 

 

Although there is a change between the levels of the independent

strong difference.  It is not likely that there is an interaction accru

factors.   

 

 The two-way ANOVA for the time can be seen in Table 4

 

Table 4.7 ANOVA for Communication Er
 
Sources of Variance  df  SS  MS  F  
Culture (A)  1  0.375  0.375  0.671
Environment (B) 1  1.04167 1.04167 1.865
Interaction (AxB) 1  0.375  0.2646  0.671
Error    20 11.1667 0.55833 
Total    23 12.9583 
 
* indicates significance at p<0.05 
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 P
6  0.4221 
7  0.1871 
6  0.4221 



 

The ANOVA table shows that no significance occurred between any of the independent 

variables or interaction when measured in terms of communication errors.  This is despite 

the main effects indicating a small difference.  However, the small differences were not 

enough to be statistically significant.   

 

This ANOVA did not produce a significant F-value.  Therefore, a post hoc test 

was not performed in order to protect experimental wise error.   

 

4.1.6 Measures of Task Error

 

 Task error was also a measure gathered for the study. The main effects for 

environment can be seen in Figure 4.7.   
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Figure 4-7 Main Effects in Environment for the Measures of Task E
 

The Figure shows the main effects to be of equal value for both FtF and BlissC

would indicate that there is no effect for Environment, because the number of 

committed is the same for both variables in the factor of environment.   

 

 Figure 4.8 illustrates the main effects for the measure of task errors wit

levels of Culture.   
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Figure 4-8 Main Effects in Culture for the Measures of Task Erro
 

The graph shows the number of errors to be the same for both the concordant a

discordant group within the Culture factor.  There is no change in the data betw

concordant of discordant groups.  This indicates that the factor does not cause 

 

 The interaction for this measure is displayed in Figure 4.9.   
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Figure 4-9 Interaction Between Culture and Environment for 
Errors 

 

There is no change between any of the variables with level.  This s

interaction that occurs for this measure.   

 

 Although a significant result was not expected for this data 

performed.  The two-way ANOVA for this measure can be seen in

 

Table 4.8 ANOVA for Communication Erro
 

Sources of Variance  df  SS  MS  F  
Culture (A)  1  0.000  0.000  0.000 
Environment (B) 1  0.01667 0.01667 0.3448
Interaction (AxB) 1  0.667  0.667  1.3793
Error    20 9.667  0.4833 
Total    23 10.5 
 
* indicates significance at p<0.05 

 62
n.s.

 

the Measures of Task 

hows that there is no 

set, an ANOVA was 

 Table 4.8.   

rs 

 P
 1.0000 

  0.5636 
  0.2540 



 

The ANOVA table confirms that there is no significance for any of the factors.  Also, 

interaction does not occur as that value is not significant as well.   

 

This ANOVA did not produce a significant F-value similarly to that for 

communication errors.  Again, a post-hoc test was not performed in order to protect 

experimental wise error. 

 

4.1.7 Additional Measure

 

 The measure for time provided an unexpected outcome.  It was decided that an 

additional measure not preplanned was needed to help explain the reason for this 

unexpected outcome.  Through video review, a new measure was found that could 

provide some insight into this occurrence.  The measure recorded was nonverbal 

communication.  This measure was any operational communication that was not spoken 

such as gestures like pointing.   

 

The raw data for this measure can be seen in Appendix G.  The simple and main 

effects for this data are displayed in Table 4.9.   

 

Table 4.9 Means and Main Effects for Nonverbal Communication 
 Concordant Discordant Mean 

FtF 1 5 3 
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 The main effects for the culture variable were graphed as well. Table 4.11 shows 

the data for the main effects from Culture.   
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Figure 4.10 Main Effects in Culture for the Measures of Nonverb
Communications 

 

The graph illustrate how the discordant group comprised of teams of two with

Chinese and one English native language speaker used nonverbal communicat

more frequently than the concordant group consisting of teams where both me

English native language speakers.   

 

 The two-way ANOVA for the measure of nonverbal communication is

Table 4.10.   
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Table 4.10 t-Test for Nonverbal Communication 
 

  Difference t-Test  DF P
Estimator -3.50  -2.32  10 0.0426 
Std Error  1.51 
 
* indicates significance at p<0.05 
 

 The t-test indicates that there is significance between the number of nonverbal 

communications made between the two different culture teams using BlissChat.  It should 

also be noted that teams using BlissChat could not communicate nonverbally; therefore, 

that variable was not measured.  There was significance in the factor of culture.  The 

discordant teams used nonverbal communication much more than the concordant teams.  

Both the independent variables affected this dependent variable of nonverbal 

communications.    

 

4.2 Subjective Data Results 

 

 The subjective data for this experiment is taken from the QUIS-type questionnaire 

included at the end of the study.  The questionnaire is given on a ten point Likert- type 

scale.  The purpose of the questionnaire was to gauge the participants’ reaction to the 

software tool BlissChat.  Only half of the total participants for the experiments filled out 

a questionnaire, because only half used the tool.  Likert-type scales can be analyzed 

quantitatively or qualitatively.  A quantitative approach on subjective data was taken in 

this experiment, because the small and uneven data size posed a problem to internal 

validity if a traditional quantitative approach such as ANOVAs analysis was taken.   
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 The questionnaire was designed to measure the participants’ reactions to the tool 

BlissChat. The mean results from the questionnaire can be seen in Figure 4.13.   
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Figure 4-10 Mean of Answers for the Post Test Questionnaire 

 

Answers can range from 0 to 9 with the higher number being a more positive rating.  The 

numbers on the bottom of the chart correspond to a question that can be seen in the 

Appendix.  The first five questions examined the participants’ overall reaction to the tool.  

Although close to the neutral range of 5, the participants felt the tool was more 

“wonderful” than “terrible” (question 1) and “easy to use” (question 2).  Also, the 

participants felt that the tool was satisfying and stimulating to use (questions 3 and 4).  

However, in question 5 the participants felt the tool was too stringent and not as flexible 

as they would like.  Question 6 and 7 dealt with the screen display, which the participants 

felt to be clear and easy to read.  They also felt that the arrangement of data was 
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“consistent” and “pleasing” (questions 8 and 9).  The next section, questions 10 through 

13 measures the ease of learning for the tool.  The participants felt the tool was “easy to 

learn”.  The last set of questions gauged the usefulness of the tool.  The participants also 

thought that the tool was easy to learn.    

 

Although the general reaction of the tool from the participants’ point of view can 

be seen in Figure 4.12, it is important to see if the different groups of participants felt the 

same way.  The different groups of participants were divided into English native speakers 

who used BlissChat in a concordant team (12 participants), Chinese participants who 

used BlissChat in a discordant team (6 participants), and English participants who used 

BlissChat in a discordant team (6 participant).  In order to see if there were differences 

between these groups, a nonparametric test was used.  The test used was the Kruskal-

Wallis test.  The reasons for using a nonparametric test is normality could not be assumed 

in this situation and discrete data tend to be evaluated with this method, although 

parametric methods can also be used for discrete data.  The test was performed for each 

question and the results can be seen in Appendix I.  There was no significant difference 

between any of the different combinations of groups that used BlissChat with the 

exception of question 6.  The Chinese participant who used BlissChat felt that it was hard 

to see the icons on the screen, more so than the English participants so used BlissChat.  It 

is unclear as to why they thought this.  Below are the chi-squared approximations of the 

kruskal-wallis results.  As can be seen in the Table, only question 6 shows significance.   
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Table 4.11 Kruskal-Wallis Results 

 ChiSquare DF Prob>ChiSq 

1 2.698 2 0.2595 

2 2.332 2 0.3116 

3 4.1636 2 0.1247 

4 4.8143 2 0.0901 

5 5.4791 2 0.0646 

6 6.57 2 0.0374* 

7 3.0542 2 0.2172 

8 1.0731 2 0.5848 

9 3.3686 2 0.1856 

10 0.1976 2 0.9059 

11 0.9421 2 0.6243 

12 0.972 2 0.6151 

13 1.6122 2 0.4466 

14 0.784 2 0.6757 

15 0.1638 2 0.9214 

15 0.6369 2 0.7273 

16 1.8878 2 0.3891 
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Chapter 5. Discussion 
 

5.1 Validity of Hypotheses 

 

 The study was performed to test three hypotheses in relation to cross-cultural 

collaborative work in an electronic environment.  The each type of data gathered in this 

study does not answer specific research questions; rather they are used cumulatively to 

explain the hypotheses.  The experiment was performed using telemedical tools to 

provide a realistic setting of engineers from different disciplines to collaborate in.  These 

hypotheses are repeated as follows:   

 

• Blissymbols can be quickly learned and used in an electronic communication 

environment.  This will be shown in the study when there is no significant 

difference between the performances of subjects who use BlissChat and those who 

interact in the ideal environment of fact to face.   

• Blissymbols can be used in cross-cultural task oriented communication.  The 

performance while using BlissChat will not be significantly different between 

either concordant (same language culture) or discordant (different language 

culture) participant groups.   

• Blisschat will provide an appropriate interface for communication, because it is 

basically the same as other chat programs.  People familiar with text-based chat 

programs such as Instant Messenger would not have problems using BlissChat.   
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Also, it will be important to reference the questions that formed the hypotheses.  The 

following are those questions and will provide additional insight into the discussion:   

 

• To what extent can Basic Blissymbolics support communication in an electronic 

communication environment? 

• What is the impact that BlissChat can have in cross-cultural task oriented 

communications? 

• How well can the use BlissChat develop a better understanding of the tools and 

interfaces used in ideographical communication? 

 

5.1.1 Blissymbolics in an Electronic Medium

 

 The first hypothesis which states that Blissymbols can be quickly learned and 

used in an electronic environment comparable to that of face-to-face was only partially 

supported by this experiment.  The experiment showed that Blissymbolics can be easily 

learned and used (Fuller, 1997) as Bliss had intended.  However, learning in this case 

meant that the participants could use Blissymbols functionally within the time allotted for 

the experiment.  Actual learning is more extensive and was not measured in this study.  

This can be seen when the participants needed little time to learn the language and they 

were all able to pass the criterion test the first time without having to retake it.  

Additionally, the participants all felt that it was easy to learn and clear to use according to 

Questions 10-13 on the post test questionnaire.  The dependent variables used in the 

experiment also showed this; although, the questionnaire does not make any kind of 
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comparison to the ideal FtF.  Little to no communication errors were made while using 

BlissChat as compared to FtF.  This partially supported the hypothesis in that there would 

be no difference in communication errors between the two environments, because the 

ANOVA for that data showed that there was not a difference in the errors committed.  

The combination of all the data showed that although BlissChat was not as efficient as 

face-to-face, participants were able to functionally use Blisschat.   

 

 The participants were able to complete their tasks in the experiment using the 

Blissymbols in BlissChat to communicate.  Again, the data showed similar performance 

in terms of communication and task errors of those that used BlissChat to those that 

performed tasks FtF.  In both communication and task errors, there was no significant 

difference in the performance between environments as predicted in the hypothesis with 

each group producing means of only one or two errors.  Again, the different data shows 

that the quality of communication between the two environments was comparable.   

 

However, there was a significantly larger performance difference when it came to 

time.  FtF out performed BlissChat by five times with FtF taking only about five minutes 

to complete the task and with BlissChat taking about twenty five minutes.  Although this 

does not support the hypothesis, it is not completely surprising.  Studies show that FtF 

always perform better than any other form of communication and it was true in this case 

as well (Grudin, 1991; Lawhead et al, 1997).  Through the hypothesis, it was thought that 

this may be the exception, because it was done cross-culturally, a condition not used 
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before in the literature.  When using the post-hoc test Tukey HSD, it was found that this 

was true for all conditions with differing environments of FtF and BlissChat.   

 

Despite the time showing a significant difference, there needed to be an 

explanation of not only why discordant groups performed the same between FtF and 

BlissChat, but why concordant and discordant groups performed the same as well.  

Another performance measured not originally designed into the experiment was 

investigated.  The measure used was nonverbal communication, which was any unspoken 

communication such as hand gestures and/or head motions.  With this variable a cause 

was found to the different performance between environments and similar performance 

between cultures.  There was a significant difference in the amount of nonverbal 

communication used in both environment and culture.  The subjects would use nonverbal 

communication as a supplement communication when verbal communication broke 

down.  This was especially true in FtF discordant groups where participants would point 

to things or nod their heads in agreement or disagreement.  The reason the FtF concordant 

and discordant groups performed similarly would appear to be the use of nonverbal 

communication to compensate for any verbal communications not understood or verbal 

communication that needed to be reinforced.  The test showed no difference between any 

of the groups for all the questions.  This indicates that all the participants had similar 

reactions regardless of their native language or culture groupings.  This data too was 

examined further in the post hoc Tukey HSD test.  The test showed even though 

significance occurred on both factors, it was specifically the participants that were in the 
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FtF discordant conditions that used nonverbal communications more than all the other 

conditions.   

 

5.1.2 BlissChat as a Cross-Cultural Tool

 

 BlissChat can be used as a cross-cultural electronic communication tool.  It may 

not perform as well as FtF in terms of time, but the participants were still able to perform 

their tasks to the same quality as FtF.  The measure of communication error shows no 

significant difference in the performance between FtF and BlissChat.  All participants 

were able to complete their tasks.  There was also no difference in the performance of 

concordant or discordant groups that used BlissChat.  The measures of time, errors, and 

nonverbal communications were the same for both groups showing that there was no 

significant performance difference between the two.  Culturally it did not seem to matter 

what group was using BlissChat as both Chinese and English participants were able to 

functionally use it.  BlissChat would be an adequate too to use when people are not able 

to meet FtF.   

 

 The participants also felt that BlissChat was a good tool to use for cross-cultural 

communications according to the post test questionnaire.  Overall, they had a positive 

reaction to the tool with the only exception being its rigidness.  However, that was 

probably more of an experimental constraint than the tool itself being rigid.  They also 

found the tool easy to use with the displays being clear and informative.  The participants 

also felt the tool was very useful for the completion of their tasks (Question 14).  They 
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also thought that they were able to completely finish their tasks and that the tool was 

designed for all level of user (Questions 15 and 17).  This combination of data 

demonstrates that BlissChat can be productive as a CCSCW tool.   

 

5.1.3 Ideographical Communication

 

 With the lack of literature and empirical research on electronic cross-cultural 

communication tools, BlissChat was able to provide insight into the issues of 

ideographical communication as an electronic tool.  BlissChat is one of the first tools 

implemented to be used as an electronic cross-cultural communicator.  It showed through 

the errors committed by the users that it can be as effective a communication medium as 

the ideal FtF, even though it may not be as efficient.  This is apparent with the measure of 

nonverbal communications where discordant groups were able to perform as well as the 

other groups without having the benefit of using nonverbal communication.   

 

 As for the perceptions of the participants towards an ideographic electronic tool, 

aside from the issue of rigidity, all the participants felt that BlissChat was an appropriate 

tool for the conditions.  The rigidity experienced by the participants probably had to do 

with the amount of symbols that they were given to use.  The vocabulary was limited as 

opposed to any limitation that the users might have felt in the tool itself.  Some 

participants even commented that BlissChat was a good way to communicate technical 

information as well as was effortless to use.   
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 However, not all the reactions towards BlissChat were positive.  A few 

participants did not like the tool.  Others felt the ideographical language was hard to 

learn.  These negative comments were mostly in the minority.   

 

5.2 Limitations 

 

 There were several limitations of this study that potentially could have been 

confounding factors.  This first is the Chinese subject pool.  Chinese native language 

speakers from Virginia Tech were chosen for the experiment.  These participants have 

been exposed to the English language and culture by virtue of being at Virginia Tech and 

the U.S.  In order to do this more rigorously, participants in China would have to be used.  

However, the resources of the study did not allow this.   

 

Another issue was the amount of training the participants received.  Again, the 

resources did not allow for multiple sessions for each group.  It seemed to take a little bit 

of time before the users were really comfortable with the tool and language, despite have 

ample opportunity to practice.  A more effective method might have been to have the 

participants train in sessions beforehand with other tasks to familiarize themselves with 

the tool.  Even though BlissChat is meant to be picked up and used immediately, a 

slightly more extensive training program could have been devised.    
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Chapter 6. Conclusion 
 

 There are several conclusions that can be drawn from this study that will 

contribute to the design and application of electronic cross-cultural communication tools.  

First, the study shows that FtF communications will outperform any other communication 

medium in cross-cultural communication.  It is possible to have another form of 

communication that is just as effective, but FtF is still better.  However, if meeting FtF is 

not possible and time is not important, then a tool such as BlissChat is a feasible 

alternative.  Even when compared to another real-time communication tool such as 

videoconferencing, BlissChat may still offer advantages.  Although, videoconferencing 

provides greater presence to the communication, it is still constrained by cultural 

communication problems.  BlissChat specifically addresses the problem of cross-cultural 

communications even though it does not provide the same level of presence.  Second, 

participants from different language backgrounds can easily learn and use Blissymbols 

with the software tool BlissChat.  They found it to be a useful as well as usable tool.  

Finally, the study of BlissChat offered additional insight into the field of electronic cross-

cultural communication.  The tool can be used as a baseline for future design of 

communication tools.   

 

 More importantly BlissChat was able to show that the research on other electronic 

communication tools can be used for cross-cultural conditions as well.  Such as the FtF 

condition always being the desired form of communication regardless of language.  

However, when logistical issues such as distance prevent an FtF meeting a tool like 
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BlissChat can be an alternative.  However, BlissChat is meant for more simple tasks and 

more complex tasks may need another tool or a redesign of Blisschat.   

 

6.1 Design Implications 

 

 Although the current design of BlissChat may not be suitable for complex 

communication and tasks, there are possibly many current technical and cultural 

problems it can solve as it now is designed.  One example would be in the airline industry 

where there are serious issues with control tower personnel and pilots who do not speak 

the same languages.  The lack of proper communication causes near misses frequently.  

Perhaps a tool such as BlissChat can be used to communicate important instructions in a 

language that both tower personnel and pilots can clearly understand by learning this one 

language and using the tool BlissChat as oppose to having to learn many spoken 

languages poorly to communicate.   

 

 Another example of a use for BlissChat could be with online gaming.  With 

gaming, the use is not only for communication but to bridge gaps of cultural differences 

and bias.  Players would no longer be constrained or singled out by culture with 

BlissChat.  As technology improves, people are now able to enter a virtual environment 

where they must interact with other people around the world.  BlissChat may be useful as 

well in this environment as a simple tool with the language to communicate basic 

commands and information.   
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6.2 Design Recommendations 

 

 There are a few examples of where BlissChat can be useful in its current form; 

however, some design changes may make it a more versatile tool.  One of the problems 

the participants seemed to have with BlissChat was that it was rigid and limited in the 

amount of language that could be used.  This came about from the participant responses 

to question 15 of the posttest questionnaire.  One solution would be to add more 

Blissymbols, but this too would cause another problem.  With the limited vocabulary 

used in the study participants had to take some time to look for symbols in the tool by 

scrolling up and down.  The time it would take to find symbols would increase even more 

if the vocabulary was increased.  A solution suggested by one of the participants was to 

group the symbols together categorically.  For instance, symbols for questions could be 

placed together separate from the other symbols.  However, this does not completely 

solve the problem of having to scroll around.  An additional feature could be added to 

BlissChat to solve this by cascading the icons/symbols.  In other words, users would 

place their cursor on a general question symbol and then have it cascade out (similar to 

Windows file menus) and then be given choices for more specific question icons.  This 

could be done the same for other groupings like numbers.  These changes would make an 

immediate impact to the tool making it more versatile.  These changes may also make the 

tool faster to use, even though the participants felt that the tool was quick to used 

according to question 15 of the posttest questionnaire.   
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 Also, some other techniques used for other electronic communication media can 

contribute to BlissChat.  An example would be to add features that create a better sense 

of presence, such as video.  By using video, users can benefit from some of the nonverbal 

that FtF participants had at their disposal during the study.  Further research would help 

to contribute more ideas on the improvement of BlissChat.   

 

6.3 CCSCW Model 

 

 It can be useful to have a conceptual model of a way to design and determine an 

appropriate CCSCW tool to use for a certain condition.  The following model shows how 

the appropriate model can be found or designed:  

 79



 

 
-Culture 

Culture 
A Goal 

Complexity CCSCW 
Low                 High

Goal 
Culture 

B 

+Culture  
 

Figure 6-1 CCSCW Design Model 
 

In Figure 6.1 shows a graph with two lines meeting each other at the x-axis.  The x-axis 

represents levels of CCSCW.  The further to the right the more complex a tool is needed.  

The y-axis represents the difference in culture.  The further apart the two vectors are from 

the middle the more difference there is.  If there were no difference then the lines would 

start and collide in the middle showing no need for a CCSCW.  Each line represents a 

different culture, but both cultures have the same collaborative goals.  By using this 

conceptual model future design for tools can have a starting point, because the designers 

can visualize what is needed and how all the characteristics of a CCSCW fit together.   
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6.4 Future Research 

 

 This study showed there is still much that can be researched in the area of cross-

cultural electronic communicating and collaboration.  In this study, the tool BlissChat 

was compared to the ideal communication and collaboration environment of FtF.  

However, it would be just as informative to see how it compares to a similar tool such as 

common text messaging.  This would provide an indication of how well BlissChat 

performs compared to tools that are used for the same reason, but are not specifically 

meant to be used cross-culturally.  Another experiment may be to compare Blissymbols 

to a language such as Goddard’s (1998) semantic meta-language.  This unique language 

design for business and computer use may provide a good comparison to further evaluate 

BlissChat.   

 

 It would be interesting to see if users of BlissChat adapt to using Blissymbols.  

During the study most participants would write symbols in a fashion very similar to the 

way they would speak, but eventually some participants adapted by shortening phrases 

and filtering out symbols they felt were unnecessary making the language more efficient.  

A comparison between paper based Blissymbols and BlissChat can really illustrate this.   

 

 This study can also be furthered by many other aspects of culture currently being 

researched.  For instance the layout of the tool and how it operates may present different 

levels of difficulty for people of differing cultures.  Courtney et al. (1994) showed that 

the way people operate things such as knobs and levers differs between cultures.  Also, a 
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more cognitive approach can be expanded from this study.  Another example would be to 

see how the tool cognitively compares to speech.  This would require a more detailed 

analysis of not just the tool, but between languages as well.  As shown in experiments 

performed by Scott et al. (2003), the activity in the brain differs between languages.  In 

their study, they showed through CAT scans that the spoken Chinese language required 

much more brain activity than English.  Although a study such as this one may be 

complex, it would be interesting to see how Blissymbols tax brain power when compare 

to other languages.   

 

 As the world becomes smaller thought technology, there is a great need for tools 

that can facilitate the technology cross-culturally.  Although BlissChat shows what can be 

accomplished on a simple and small scale, more complex and sophisticated tools are 

needed.  Instead of individuals, organizations and the teams within them will need to rely 

on these tools to function effectively worldwide.  This study provides a conceptual model 

for a base guideline on how these tools can be developed and evaluated.  Hopefully, this 

can lead to better tools that have feasible real world applications.    
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
 

IRB Protocol 
 

 “The Development of an Electronic Ideographical Language Communication Tool to 
Effectively Support Cross-Cultural Collaborative Work within an Engineering 

Environment” 
 

Investigators: Jimmy M. Vu and Dr. Brian Kleiner 
 
Justification of Project 
 
 The purpose of this study is to develop and evaluate a cross-cultural collaboration 
tool, because there are a lack of tools available that support cross-cultural communication 
and collaboration.  The current research is either assessments of the need for a better 
cross-cultural communication tool or for simple guidelines for developing such a tool.  In 
terms of actual communications mediums, some attempts have been made to improve 
upon current communication tools to make them more viable in a cross-cultural 
application.  Programs such as chat or video conferencing are altered to be used in a 
cross-cultural setting, but little data has been gathered on their effectiveness.  There is a 
need for a cross-cultural tool to be developed along with a study of that tool.   
 
Procedures 
 

A total of 44 participants will be used with 4 of those participants being used to 
perform a pilot study.  Of the 40 for the main study, 10 will have learned Chinese as their 
first written language and the rest English.  The participants will be recruited to include 
people with an engineering background and people familiar with any kind of chat 
program.  The participants will likely be engineering students at Virginia Tech.  The 
variable of gender is not a central issue in the study and will be open to both males and 
females.  It is expected that the age of the participants will be in the early twenties, while 
anyone between the ages of 20-40 would be acceptable.  The lower limit of 20 is to 
ensure that students have had some experience in the field of engineering and the upper 
limit is to keep engineers within the technology curve for electronic communication 
tools.  The participants also must have learned either English (US) or Chinese as a first 
written language.  Simplified Chinese would be acceptable for the study.  US participants 
are used because they are the most widely available.   

 
The subjects will then be broken up into pairs.  The pairs will either consist of two 

English participants or of a Chinese and English participant.  The following table will 
show the task timing and breakdown.   
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Table 3.2 Breakdown of experiment timing 
  
Event Estimated Time (min) 
Explanation and informed consent 10 
Background questionnaire 5 
Explain Task Requirements and NeatTools (separately) 15 
Explain Blissymbols and BlissChat* 10 
Criterion Test* 10 
Perform Task 15 
Tool and Interface questionnaire* 10 
  
Total time 75 (1hr 25min) 
*only performed in BlissChat Scenarios  

 
A background questionnaire will be given to determine the participant’s 

demographic information and experience level with chat programs and the other tools 
used in the experiment.  An explanation of the tasks requirements will be given as well as 
an explanation of NeatTools, a object oriented programming too that participants will 
collaborate on.  The participants will be given a brief tutorial on NeatTools and will be 
instructed separately on their task objective, because the objectives will be different 
between the two participants.  The next two steps will only be performed for participants 
that work with BlissChat, the cross-cultural collaboration tool.  The first of these two 
steps will be for the participants to get a tutorial on Blissymbols (symbols used in 
BlissChat) and BlissChat.  The Seconds will be a criterion test.  This test will make sure 
that the participants start off with certain baseline knowledge of Blissymbols .  If the 
participants were to fail the test, they would take it repeatedly until they passed.  Next all 
participants will perform the task.  At the conclusion of task performance, the participants 
who used BlissChat will be given a questionnaire to measure their satisfaction with the 
interface and effectiveness of the tool.  The participants will be allowed to conclude the 
experiment at any time.   
 
Risks and Benefits 
 
 The risks involved in the experiment are minimal.  The tasks that the participants 
perform will be similar to that of daily computer use of common software packages such 
as AOL Instant Messenger.  The test and questionnaires will also be similar to those that 
they have done in an academic setting.  The benefits will be for the participants to see 
first hand new ideas and technologies being implemented in the field of cross-cultural 
collaborations as well as contribute to the research knowledge.   

 
Confidentiality/Anonymity 

 
The data for each participant will be numbered and no names will be used on the 

data collection forms or any other data recording medium. The subject/number 
coordination key will be kept until after the study has been completed, after which it will 
be discarded. During this period the key will be kept in a secure place.  Video tape 
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recordings will also be made of the tasks the participants perform on the computer screen 
for review of the individual actions taken during the experiment.  The tapes will not be 
release to anyone outside of the individuals working on this project.  The tapes will be 
destroyed at the conclusion of the study.   
 
Informed Consent 
 

All participants will receive two informed consent forms to be signed before 
beginning the study, one for them and one for our records. The consent form will be 
found at the end of this document.
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
 

Informed Consent for Participants in Research Projects Involving Human Subjects 
 

 “The Development of an Electronic Ideographical Language Communication Tool to 
Effectively Support Cross-Cultural Collaborative Work within an Engineering 

Environment” 
 

Investigators: Jimmy M. Vu and Dr. Brian Kleiner 
 
I. The Purpose of this Research/Project 
 
 There are currently no tools designed to promote cross-cultural collaborations 
electronically.  Many attempts have been made to adapt existing technologies such as 
chat and video conferencing to meet these needs, but none of these are widely used or 
accepted.  Given this need, it is important to develop a tool that may be used in cross-
cultural collaboration.  To determine if this new tool is feasible we would like you to give 
feedback and opinions of the technology.  As one of 44 participants who are in the 
engineering field and have a familiarity with chat programs you will help further our 
research of this medium for cross-cultural collaborations.   
 
II. Procedures 
 
 You will first be given a background questionnaire in order for us to learn about 
you and to make sure that you meet all the requirements for the study.  Afterwards you 
will be given a tutorial on NeatTools, which is the computer program you will be 
working with.  Some of you will receive an additional tutorial on Blissymbols and 
BlissChat, which your basic knowledge of will be tested upon.  Those with the BlissChat 
tutorial will conduct the task with that tool, while the rest will conduct the task face to 
face.  This concludes session except for those using BlissChat who will be asked to 
complete a questionnaire on the tool.  The entire session is not expected to take longer 
than one hour and twenty minutes.  If at any time you wish to stop the study, just mention 
this to the experimenter and the study will be stopped. You are under no obligation to 
complete it. 
 
III. Risks 
 
 The risks are minimal and tasks are similar to every day computer usage and 
common test taking.   However, if you feel ill at ease at any time during the study you are 
encouraged to stop immediately, there will be no penalty for doing so. 
 
IV. Benefits of this Project 
 

This research will hopefully help develop a tool that can be use for cross-cultural 
electronic collaboration as well as determine the proper characteristics needed for further 
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designs of such tools.   No promise or guarantee is being made on the benefits that this 
will incur and none of these benefits are being promised to encourage you to participate. 

 
V. Extent of Anonymity and Confidentiality 
 

The data will be kept according to a subject number and will be kept and used 
solely for the purposes of the evaluation of the design of the tool.  At no time will the 
researchers release the results of the study to anyone other than individuals working on 
the project without your written consent.  Also, you may be video taped during the 
session.  Again the tapes will not be release to anyone outside of the individuals working 
on this project.  The tapes will be destroyed at the conclusion of the study.   

 
In some situations, it may be necessary for an investigator to break 

confidentiality. If child abuse is known or strongly suspected, investigators are required 
to notify the appropriate authorities. If a subject is believed to be a threat to 
herself/himself or others, the investigator is required to notify the appropriate authorities. 
 
VI. Compensation  
 

Participants will receive $10 for their participation in the study.  Additionally, 
students in the class ISE 3614: Introduction to Human Factors Engineering will receive 
extra credit within that class.   
 
VII. Freedom to Withdraw 
 

You are free to withdraw from the study at any time without penalty. You are also 
free to not answer any questions or respond to experimental situations that you choose.  
There are no penalties for withdraw.   
 
VIII. Approval of Research 
 

This research project has been approved, as required, by the Institutional Review 
Board for Research Involving Human Subjects at Virginia Polytechnic Institute and State 
University, by the Department of Industrial and Systems Engineering.   
 
_____7/24/02______________   _____7/24/03____________ 
IRB Approval Date     Approval Expiration Date 

 
IX. Subject's Responsibilities 
 
I voluntarily agree to participate in this study. I have the following responsibilities: 
 

•  Giving honest answers to the questions asked. 
•  Giving honest opinions and feedback when asked for. 
•  Completing the tasks to the best of my abilities.  
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X. Subject's Permission 
I have read and understand the Informed Consent and conditions of this project. I have 
had all my questions answered. I hereby acknowledge the above and give my voluntary 
consent for participation in this project. 
 
 
Signature _____________________________________________ Date______________ 
 
 
Should I have any pertinent questions about this research or its conduct, and research 
subjects’ rights, I may contact: 
 
An Investigator:  Jimmy Vu   540-951-1102  jvu@vt.edu 
 
Faculty Advisor:  Dr. Brian Kleiner  540-231-4926  bkleiner@vt.edu 
 
Departmental  
Reviewer:  Dr. Robert Beaton 540-231-5936  bobb@vt.edu 
 
Chair, IRB:    David M. Moore 540-231-4991  moored@vt.edu 
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Cross-Cultural Communication Tools in Collaborative Engineering 
Background Questionnaire 

 
Please fill out the following questions to help us gather some basic information about 
yourself.  Please note that if you do not have experience with chat programs or 
engineering you will not be able to participate in this study. Please alert the experimenter 
if this is the case.   
 
Age: __________  
 
Major: _____________________ 
 
What was the first written language that you learned? ______________ 
 
How much engineering/technical experience do you have? ______________ 
 
Sex: M / F 
 
Have you ever used Blissymbols? Yes / No  
 
Have you ever used a chat program? Yes / No  
 
How often do you use a chat program (please circle one):  
-Once a month 
-Once a week 
-A few times a week 
-Daily 
 
Have you ever used an object-oriented programming tool (i.e. LabView)? Yes / No 
 
Have you ever used NeatTools? Yes / No  

 96
For Administrator Use Only 
Participant # ____________ 
Date __________________ 
Time __________________



 
 
 
 
 

Appendix C: 
NeatTools and BlissChat Tutorial 
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NeatTools and BlissChat Tutorials:   
 
Both participants will be given a short explanation of NeatTools and how it is used as an 
object-oriented Programming tool.   
 
Co-participant 1 – The following will be explained to this particular participant only.   
 

• Explain the Neattools objects and give the following illustration 

Output

Output OutputInput
Input InputInputChannel 1 

Output

 
 

• Show how to drag and connect objects 
• Show button on off positions 

Complete hardware tutorial 
• Show how to highlight object characteristics 

 
Co-participant 2 – The following will be explained to this particular participant only.   
 

• Explain what the object boxes are with the following illustrations 
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Output

Output OutputInput
Input InputInputChannel 1 

Output

 
 

 
 

• Show and explain hardware components 
• Show connection to the computer 
• Complete Neattools tutorial 

 
BlissChat Tutorial 
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--Please find the best way to convey your message, may not be verbatim.  The task sheet 
is only mean to guide you.  Please try the best you can to convey the intent of the task 
sheet.  Also, if you feel you cannot complete any portion of the task you may move on.   
For BlissChat both participants will be given a tutorial on the usage and function of 
blissChat 
 
*This tutorial is only applicable to the participants using BlissChat 
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Appendix D: 
Expected Scripts for the Task and Participant Task 

Sheets 
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Expected Script for the Task 
Please relay to the other participants the following questions and commands.   
(Co-participant 1 will initiate chat) 
 
Part 1 
 
(Co-participant 1) How many pieces of hardware did you receive? 
 
Expected Response:  4 
 
(Co-participant 1) What are the different hardware pieces? 
 
Expected Response:    Pressure pad 
   Serial Cable 
   Data box 
   Motion glove (in any order) 
 
Part 2 
 
(Co-participant 1) Connect the pressure pad to channel 1 of the data box and reply when 
done.   
 
Expected Response:  Done 
 
(Co-participant 1) Connect serial cable to data box and reply when done.   
 
Expected Response:  Done 
 
(Co-participant 1) NeatTools  
 
 
Part 3 
Please relay to the other participants the following questions and commands.   
 
(Begin when it says “NeatTools”) 
 
(Co-participant 2) How many objects are on the NeatTools screen?   
 
Expected Response:  5 
 
(Co-participant 2) What are the NeatTools objects? 
 
Expected Response:   Com 1 
   Button 
   Calibrator 
   Tng3 
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   Signal Viewer (in any order) 
 
Part 4 
 
(Co-participant 2) Drag output of button to com 1 input and reply when done. 
 
Expected Response:  Done 
 
(Co-participant 2) Drag output of com 1 to input of tng3 and reply when done.   
 
Expected Response:  Done 
 
(Co-participant 2) Drag channel 1output of tng3 to input of calibrator and reply when 
done.   
 
Expected Response:  Done 
 
(Co-participant 2) Drag output of calibrator to input of signal viewer and reply when 
done.   
 
Expected Response:  Done 
 
(Co-participant 2) Activate button and reply when done.   
 
Expected Response:  Done 
 
(Co-participant 2 presses on the pressure pad) 
 
(Co-participant 2) Is there action on signal viewer?   
 
Expected Response:  Yes 
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Expected Script for the Task Translated into Blissymbols 
Please relay to the other participants the following questions and commands.   
(Co-participant 1 will initiate chat) 
 
Part 1 
 
(Co-participant 1) How many pieces of hardware did you receive? 

 
 
Expected Response:  4 

 
 
(Co-participant 1) What are the different hardware pieces? 

 
 
Expected Response:    Pressure pad 

    
   Serial Cable 

    
   Data box 

    
   Motion glove (in any order) 

    
 
Part 2 
 
(Co-participant 1) Connect the pressure pad to channel 1 of the data box and reply when 
done.   
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Expected Response:  Done 

 
 
(Co-participant 1) Connect serial cable to data box and reply when done.   

 
 
Expected Response:  Done 

 
 
(Co-participant 1) NeatTools  

 
 
 
Part 3 
Please relay to the other participants the following questions and commands.   
 
(Begin when it says “NeatTools”) 
 
(Co-participant 2) How many objects are on the NeatTools screen?   

 
 
Expected Response:  5 
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(Co-participant 2) What are the NeatTools objects? 

 
 
Expected Response:   Com 1 

    
   Button 

    
   Calibrator 

    
   Tng3 

    
   Signal Viewer (in any order) 

    
 
Part 4 
 
(Co-participant 2) Drag output of button to com 1 input and reply when done. 

 
 
Expected Response:  Done 

 
 
(Co-participant 2) Drag output of com 1 to input of tng3 and reply when done.   
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Expected Response:  Done 

 
 
(Co-participant 2) Drag channel 1output of tng3 to input of calibrator and reply when 
done.   

 
 
Expected Response:  Done 

 
 
(Co-participant 2) Drag output of calibrator to input of signal viewer and reply when 
done.   

 
 
Expected Response:  Done 

 
 
(Co-participant 2) Activate button and reply when done.   
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Expected Response:  Done 

 
 
(Co-participant 2 presses on the pressure pad) 
 
(Co-participant 2) Is there action on signal viewer?   

 
 
Expected Response:  Yes 
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Task Sheet for Co-participant 1 
Please relay to the other participants the following questions and commands.   
(Co-participant 1 will initiate chat) 
 
Part 1 
 
How many pieces of hardware did you receive? 
 
Wait for Reply 
 
What are the different hardware pieces? 
 
Wait for Reply 
 
Part 2 
 
Connect the pressure pad to channel 1 of the data box and reply when done.   
 
Wait for Reply 
 
Connect serial cable to data box and reply when done.   
 
Wait for Reply 
 
 NeatTools 
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Task Sheet for Co-participant 2 
Please relay to the other participants the following questions and commands.   
 
Part 3 
 
(Begin when it says “NeatTools”) 
 
How many objects are on the NeatTools screen?   
 
Wait for Reply 
 
What are the NeatTools objects? 
 
Wait for Reply 
 
Part 4 
 
Drag output of button to com 1 input and reply when done. 
 
Wait for Reply 
 
Drag output of com 1 to input of tng3 and reply when done.   
 
Wait for Reply 
 
Drag channel 1output of tng3 to input of calibrator and reply when done.   
 
Wait for Reply 
 
Drag output of calibrator to input of signal viewer and reply when done.   
 
Wait for Reply 
 
Activate button and reply when done.   
 
Wait for Reply 
 
(Co-participant 2 presses on the pressure pad) 
 
Is there action on signal viewer?   
 
Wait for Reply 
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Cross-Cultural Communication Tools in Collaborative Engineering 
User Satisfaction Questionnaire 

 
This questionnaire is to help gather data on your perceptions of the tool BlissChat.  Please 
circle the number you feel best describes your perception on the topic.   
 
Overall reaction BlissChat 
 
1. 

0 1 2 3 4 5 6 7 8 9 
Terrible         Wonderful 
 
2. 

0 1 2 3 4 5 6 7 8 9 
Difficult         Easy 
 
3. 

0 1 2 3 4 5 6 7 8 9 
Frustrating         Satisfying 
 
4. 

0 1 2 3 4 5 6 7 8 9 
Dull          Stimulating 
 
5. 

0 1 2 3 4 5 6 7 8 9 
Rigid          Flexible 
 
Screen  
 
6. Reading characters on the screen 

0 1 2 3 4 5 6 7 8 9 
Hard          Easy 
 
7. Organization of information 

0 1 2 3 4 5 6 7 8 9 
Confusing         Very Clear 
 
Technology and System Information  
 
8. Positions of messages on the screen 

0 1 2 3 4 5 6 7 8 9 
Inconsistent         Consistent 
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9. Assignment of colors 

0 1 2 3 4 5 6 7 8 9 
Unpleasant         Pleasant 
 
Learning  
 
10. Learning to operate the tool 

0 1 2 3 4 5 6 7 8 9 
Difficult         Easy 
 
11. Remembering names and use of commands 

0 1 2 3 4 5 6 7 8 9 
Difficult         Easy 
 
12. Performing tasks is straightforward 

0 1 2 3 4 5 6 7 8 9 
Never          Always 
 
13. Supplemental Reference Material 

0 1 2 3 4 5 6 7 8 9 
Confusing         Clear 
 
Tool Usefulness 
 
14. Effectively complete work with tool 

0 1 2 3 4 5 6 7 8 9 
Never          Always 
 
15. Work can be completed quickly 

0 1 2 3 4 5 6 7 8 9 
Never          Always 
 
16. Correcting your mistakes 

0 1 2 3 4 5 6 7 8 9 
Difficult         Easy 
 
17. Designed for all level of users 

0 1 2 3 4 5 6 7 8 9 
Never          Always 
 
 
List the most negative aspects: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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List the most positive aspects:  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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Participant # ____________ 
Date __________________ 
Time __________________ 



 
 
 
 
 

Appendix F: 
Criterion Test and Reference Sheets 
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Criterion Test 
The following are a list of symbols.  Please write down what you think they mean 
according to the reference sheet given to you.  Please take a few minutes to study the 
reference sheet.   

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 

___________________________ 
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Participant # ____________ 
Date __________________ 
Time __________________ 
Trial #__________________



Criterion Test (answer sheet) 
 
  English  Traditional Chinese  Simplified Chinese

 output   產量    产量    

 pressure pad  壓力墊   压力垫 

 computer screen 螢光幕   萤光幕 

 signal viewer  信息偵測器   信息侦测器 

 tng3   tng3    tng3 

 what are  甚麼是   什么是 

 yes   是    是 

 you   你    你 

 one   一    一 

 five   五    五 

 action   動作    动作 
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Reference Sheet (English) 
 

one  three four  five 

six  action activate and 

are  button calibrator channel 

com  computer connect data box 

different done  drag  hardware 

how many I  input is there 

motion glove NeatTools no  objects 

of  on  output pieces 

pressure pad reply comp screen serial cable 

signal viewer the  tng3  to 

to receive what are when yes 

you 
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Reference Sheet (Traditional Chinese) 
 

一  三  四  五 

六  動作 啟動 跟 / 與 / 和 

是  按鈕  刻度測量器 ____台 

計算机通信端口 電腦 銜接 資料盒 

不同 完結/結束 拖  硬體 

多少 我  輸入 有沒有 

行動手套 NeatTools 不是 物體 

的  在___ 的上面 產量 pieces 

壓力墊 回覆  螢光幕 連續纜繩 

信息偵測器 tng3  to 收到 甚麼是 

甚麼時候 是  你 
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Reference Sheet (Simplified Chinese) 
 

一  三  四  五 

六  动作 启动 跟 / 与 / 和 

是  按钮  口径测量器 ____台 

计算机通信端口 电脑 衔接 资料盒 

不同 完结/结束 拖  硬体 

多少 我  输入 有没有 

行动手套 NeatTools 不是 物体 

的  在___ 的上面 产量 pieces 

压力垫 回覆  萤光幕 连续缆绳 

信息侦测器 tng3  to  收到 

什么是 什么时候 是  你 
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Score Sheet 
 
 
Experiment #______________ 
 
 
Date_____________________ 
 
 
Time of experiment ____________________ 
 
 
Co-participant 1 communication errors________________________________________ 
 
 
Co-participant 1task errors__________________________________________________ 
 
 
Co-participant 2 communication errors________________________________________ 
 
 
Co-participant 2 task errors_________________________________________________ 
 
 
Time of task____________________ 
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Background Questionnaire: 
 

  Age Gender Major 
1st 
Language

Tech 
Exp Chat 

How 
Often 

Obj 
Prgm NeatToolsBliss

            
            
 FTF           
Concordant 1a 20 Male ISE English 1 No Yes 1 Week No No 
 1b 21 Male ISE English 1 No Yes Daily Yes No 
 2a 22 Male ISE English 4 No Yes Daily Yes No 
 2b 22 Male ISE English 4 No Yes 1 Week No No 
 3a 20 Male ISE English 2 No Yes Daily Yes No 
 3b 19 Male ISE English 2 No Yes Daily Yes No 
 4a 24 Female Nutr English 3 No Yes 1 Month No No 

 4b 31 Male ISE English 5 No Yes 
Few 
Week Yes No 

 5a 22 Female ISE English 4 No Yes Daily Yes No 
 5b 19 Female Psyc English 1 No Yes Daily No No 
 6a 30 Male ISE English 5 No Yes Daily Yes No 
 6b 23 Male CSES English 1 No Yes Daily No No 
            
            
            
Discordant 1a 24 Female ISE Chinese 1 No Yes 1 Week No No 
 1b 29 Male ISE English 1 No N 1 Month No No 
 2a 19 Female Acc Chinese 1 No Yes Daily Yes No 
 2b 24 Male ISE English 6 No Yes Daily Yes No 
 3a 21 Male ACIS English 1 No Yes Daily Yes No 
 3b 24 Female EE Chinese 7 No Yes Daily Yes No 
 4a 26 Female Chem Chinese 1 No Yes 1 Month No Yes 

 4b 27 Male ISE English 9 No Yes 
Few 
Week Yes No 

 5a 22 Male ME English 5 No Yes Daily Yes No 
 5b 27 Male Bus Chinese 1 No Yes 1 Month No No 

 6a 27 Male CS Chinese 6 No Yes 
Few 
Week Yes No 

 6b 26 Female Eng English 1 No Yes 
Few 
Week No No 

            
            
 BlissChat          
Concordant 1a 27 Female Psyc English 2 No Yes 1 Month No No 
 1b 22 Female ISE English 1 No Yes Daily No No 
 2a 21 Male CPE English 4 No Yes 1 Week Yes No 
 2b 20 Female ISE English 1 No Yes Daily Yes No 
 3a 26 Male ChE English 5 No Yes Daily Yes No 
 3b 27 Female ChE English 9 No Yes 1 Month No No 

 4a 32 Female ISE English 7 No Yes 
Few 
Week Yes No 

 4b 38 Female ISE English 5 No Yes 1 Month Yes No 
 5a 25 Male Mngt English 1 No Yes 1 Week No No 
 5b 31 Male ISE English 10 No Yes Daily Yes No 
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 6a 21 Male Jazz English 1 No Yes Daily No No 

 6b 33 Male ISE English 8 No Yes 
Few 
Week Yes No 

            
            
            
Discordant 1a 26 Male ISE Chinese 7 No Yes Daily Yes No 
 1b 45 Female ISE English 1 No Yes 1 Month No No 

 2a 23 Male ISE English 5 No Yes 
Few 
Week Yes No 

 2b 21 Female ISE Chinese 3 No Yes Daily No No 
 3a 26 Male CS Chinese 9 No Yes Daily Yes No 
 3b 27 Male ISE English 8 No Yes 1 Week Yes No 
 4a 29 Female HNFE Chinese 1 No Yes 1 Month No No 

 4b 25 Female Chem English 4 No Yes 
Few 
Week No No 

 5a 21 Male MPA English 1 No Yes Daily No No 

 5b 23 Female MBA Chinese 1 No Yes 
Few 
Week No No 

 6a 26 Female Stat Chinese 1 No Yes 1 Month Yes No 
 6b 25 Male CS English 5 No Yes 1 Month Yes No 

 
 
Pilot Study Data: 
 
   Concordant (English/English) 

   Time Communication 
Errors 

Task 
Errors  

 
Co-

participant1 5.45 3 1  

FTF 
Co-

participant2 5.45 1 0  

 

Team 
1 

Team 
Average 5.45 4 1  

       
   Concordant (English/English) 

   Time Communication 
Errors 

Task 
Errors 

Criterion 
Test 

BlissChat 
Co-

participant1 28.65 0 0 1 

 
Co-

participant2 28.65 1 0 0 

 

Team 
1 

Team 
Average 28.65 1 0 0 

 
Experiment Measurements: 
 
   Concordant (English/English) 

   Time Communication Errors Task 
Errors  

Co-
participant1 5.18 2 3  FTF Team 1 

Co- 5.18 1 0  
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 participant2  
Team 

Average 5.18 2 2  

Co-
participant1 3.01 0 0  

Co-
participant2 3.01 1 0  Team 2 

Team 
Average 3.01 1 0  

Co-
participant1 2.83 2 0  

Co-
participant2 2.83 0 0  Team 3 

Team 
Average 2.83 1 0  

Co-
participant1 3.37 0 2  

Co-
participant2 3.37 2 0  Team 4 

Team 
Average 3.37 1 1  

Co-
participant1 3.83 0 1  

Co-
participant2 3.83 0 0  Team 5 

Team 
Average 3.83 0 1  

Co-
participant1 3.75 0 3  

Co-
participant2 3.75 0 0  Team 6 

Team 
Average 3.75 0 2  

       
   Concordant (English/English) 

   Time Communication Errors Task 
Errors 

Criterion 
Test 

Co-
participant1 25 2 0 0 

Co-
participant2 25 0 0 0 Team 1 

Team 
Average 25 1 0 0 

Co-
participant1 18.95 1 1 1 

Co-
participant2 18.95 0 0 1 Team 2 

Team 
Average 18.95 1 1 1 

Co-
participant1 25.27 0 0 0 

Co-
participant2 25.27 2 0 0 

BlissChat 

Team 3 

Team 
Average 25.27 1 0 0 
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Co-
participant1 24.15 0 0 0 

Co-
participant2 24.15 0 0 0 Team 4 

Team 
Average 24.15 0 0 0 

Co-
participant1 26 0 0 2 

Co-
participant2 26 1 1 0 Team 5 

Team 
Average 26 1 1 1 

Co-
participant1 26.43 1 1 0 

Co-
participant2 26.43 2 0 1 

 

Team 6 

Team 
Average 26.43 2 1 1 

       
 
 
 
   

Discordant (English/Chinese) 

   Time Communication Errors Task 
Errors  

Co-
participant1 4.5 4 2  

Co-
participant2 4.5 0 0  Team 1 

Team 
Average 4.5 0 1  

Co-
participant1 3.3 3 0  

Co-
participant2 3.3 0 0  Team 2 

Team 
Average 3.3 2 0  

Co-
participant1 3.13 0 1  

Co-
participant2 3.13 0 0  Team 3 

Team 
Average 3.13 0 1  

Co-
participant1 6.02 1 0  

Co-
participant2 6.02 0 0  Team 4 

Team 
Average 6.02 1 0  

Co-
participant1 3.77 2 1  

Co-
participant2 3.77 0 1  Team 5 

Team 
Average 3.77 1 1  

FTF 

Team 6 Co- 4.1 2 1  
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participant1 
Co-

participant2 4.1 0 0  

 

Team 
Average 4.1 1 1  

       
   Discordant (English/Chinese) 

   Time Communication Errors Task 
Errors 

Criterion 
Test 

Co-
participant1 21.57 0 1 0 

Co-
participant2 21.57 1 0 0 Team 1 

Team 
Average 21.57 1 1 0 

Co-
participant1 24.33 0 0 0 

Co-
participant2 24.33 3 0 0 Team 2 

Team 
Average 24.33 2 0 0 

Co-
participant1 25.68 2 1 1 

Co-
participant2 25.68 1 0 0 Team 3 

Team 
Average 25.68 2 1 1 

Co-
participant1 27.1 0 0 1 

Co-
participant2 27.1 0 0 1 Team 4 

Team 
Average 27.1 0 0 1 

Co-
participant1 25.9 2 3 0 

Co-
participant2 25.9 1 0 0 Team 5 

Team 
Average 25.9 2 2 0 

Co-
participant1 21.55 1 2 0 

Co-
participant2 21.55 2 0 0 

BlissChat 

Team 6 

Team 
Average 21.55 2 1 0 

 
QUIS Data:  
 

  
Question
s 1 2 3 4 5 6 7 8 9

1
0

1
1

1
2

1
3 

1
4 

1
5 

1
6

1
7

                    

 English 
Participa
nt 1a 4 7 3 8 5 9 3 9 9 9 7 5 9 7 6 9 4

  
Participa
nt 1b 7 1 1 7 3 9 6 9 9 8 6 6 9 7 7 8 6
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Participa
nt 2a 3 8 6 1 0 4 7 3 5 8 6 8 8 9 8 8 6

  
Participa
nt 2b 7 9 7 6 5 9 9 8 9 9 7 9 9 9 6 9 9

  
Participa
nt 3a 5 5 4 6 5 9 5 9 9 9 6 9 4 9 7 4 7

Concord
ant  

Participa
nt 3b 6 3 4 4 6 4 3 6 7 8 7 7 7 6 5 5 6

  
Participa
nt 4a 4 6 3 1 2 7 7 7 8 8 6 8 5 8 1 8 7

  
Participa
nt 4b 4 5 3 3 4 7 5 7 7 6 7 7 8 7 6 9 4

  
Participa
nt 5a 6 4 6 6 6 4 7 7 7 8 5 5 7 5 6 7 7

  
Participa
nt 5b 7 9 7 5 6 9 6 9 5 9 9 7 8 8 8 9 9

  
Participa
nt 6a 6 9 6 3 0 7 4 5 9 6 7 9 9 7 4 0 9

  
Participa
nt 6b 7 6 6 6 3 8 6 8 7 7 6 7 4 8 5 6 7

                    

 English 
Participa
nt 1b 8 9 9 6 6 7 7 9 8 9 9 7 9 9 9 7 8

  
Participa
nt 2a 6 7 6 4 4 6 7 9 7 8 6 8 9 8 7 8 8

  
Participa
nt 3b 5 6 4 7 3 5 6 9 8 6 5 9 8 9 9 7 6

  
Participa
nt 4b 7 9 9 3 5 5 9 9 9 9 7 7 9 9 2 9 4

  
Participa
nt 5a 2 6 5 3 1 3 2 6 3 3 5 4 7 6 3 2 1

Discord
ant  

Participa
nt 6b 5 7 3 6 4 8 7 6 6 8 7 7 7 5 3 3 5

 
Chines
e 

Participa
nt 1a 7 7 7 8 5 3 5 8 5 6 6 6 5 7 7 6 8

  
Participa
nt 2b 4 5 5 5 4 4 6 4 2 8 4 4 3 4 3 7 3

  
Participa
nt 3a 7 5 7 8 6 3 8 8 5 8 8 6 8 8 5 7 8

  
Participa
nt 4a 8 5 7 9 7 3 7 7 7 6 3 8 8 7 6 6 7

  
Participa
nt 5b 6 6 6 4 6 8 8 8 6 9 6 7 7 7 7 8 8

  
Participa
nt 6a 9 8 7 9 7 6 9 9 9 9 7 8 9 9 9 9 8

 
 
QUIS Comments:  
 
Difficult finding symbols, b/c ref sheet and interface does not match up 
Did not like the scrolling up and down for symbols 
Slow, frustrating scrolling for icons 
On screen icons did not correspond to sheet 
Translation of English to Chinese confusing 
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More symbols on screen at the same time 
Some symbols do not correlate with expected meanings 
Need more time to learn symbols 
Scrolling to find characters on screen 
Groups symbols together such as questions or commands 
Scrolling up and down to find icons 
Need more functions like cut/paste and sizable windows 
Took a long time to find icons cause of ref sheet/screen 
 
Positive Comments 
Large visible symbols 
Clear, uncluttered interface 
No errors/bugs 
Easy to learn symbols 
Good way for technical communication 
Symbols like "input" very easy to read 
Blissymbols very easy to read 
Easy point and click 
Symbols make things easier 
Very easy and Understandable 
Fun and does not require much technical knowledge 
When symbols represent more than one word 
Like large size of icons 
Neat use of symbols 
Easy to use 
Quick learning curve for vocabulary 
Symbols easy to learn 
Easy to learn works well 
Seeing icons very clear 
Very simple to use 
Interesting and fast new language 
Very straight forward 

 
 
Physical Communication Data:  
 

Culture Environment 
Physical 
Communication

   
Con FTF 2
Con FTF 0
Con FTF 0
Con FTF 0
Con FTF 2
Con FTF 3
Dis FTF 2
Dis FTF 4
Dis FTF 6
Dis FTF 3
Dis FTF 2
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Dis FTF 11
Con Bliss 0
Con Bliss 0
Con Bliss 0
Con Bliss 0
Con Bliss 0
Con Bliss 0
Dis Bliss 0
Dis Bliss 0
Dis Bliss 0
Dis Bliss 0
Dis Bliss 0
Dis Bliss 0
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Appendix H: 
ANOVA Tables and t-Test 
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ANOVA Tables:  
 
Sources of Variance  df  SS  MS  F   P
Culture (A)  1  0.4213  0.4213  0.1141  0.7391 
Environment (B) 1  2503.9008 2503.9008 677.8625 0.0000* 
Interaction (AxB) 1  0.2646  0.2646  0.0716  0.7917 
Error    20 73.8764 3.694 
Total    23 2578.4631 
 
* indicates significance at p<0.01 
 
 

g

w

N
MS

qHSD αα =  

 
 
Sources of Variance  df  SS  MS  F   P
Culture (A)  1  0.375  0.375  0.6716  0.4221 
Environment (B) 1  1.04167 1.04167 1.8657  0.1871 
Interaction (AxB) 1  0.375  0.2646  0.6716  0.4221 
Error    20 11.1667 0.55833 
Total    23 12.9583 
 
* indicates significance at p<0.05 
 
 
Sources of Variance  df  SS  MS  F   P
Culture (A)  1  0.000  0.000  0.000  1.0000 
Environement (B) 1  0.01667 0.01667 0.3448  0.5636 
Interaction (AxB) 1  0.667  0.667  1.3793  0.2540 
Error    20 9.667  0.4833 
Total    23 10.5 
 
* indicates significance at p<0.05 
 
 
Sources of Variance  df  SS  MS  F   P
Culture (B)  1 36.75  36.75  5.3912  0.0426* 
Error    10 68.17  6.12 
Total    11 104.92 
 
* indicates significance at p<0.05 
 
t-Test 
 
  Difference t-Test  DF P
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Estimator -3.50  -2.32  10 0.0426 
Std Error  1.51 
 
* indicates significance at p<0.05 
 

 133



 
 
 
 
 

Appendix I: 
Kruskal-Wallis Results 
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Question 1 
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 69.5 11.5833 -0.340
e 12 131.5 10.9583 -1.060
ec 6 99 16.5000 1.599
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
2.6980 2 0.2595

 
Question 2
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 97 16.1667 1.456
e 12 140 11.6667 -0.557
ec 6 63 10.5000 -0.779
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
2.3320 2 0.3116

 
Question 3
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 80.5 13.4167 0.340
e 12 118.5 9.8750 -1.824
ec 6 101 16.8333 1.733
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
4.1636 2 0.1247

 
Question 4
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 64.5 10.7500 -0.675
e 12 128 10.6667 -1.257
ec 6 107.5 17.9167 2.160
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
4.8143 2 0.0901

 
Question 5
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean

ChiSquare DF Prob>ChiSq

(Mean-Mean0)/Std0
ce 6 61.5 10.2500 -0.880
e 12 129 10.7500 -1.202
ec 6 109.5 18.2500 2.302
1-way Test, ChiSquare Approximation 

5.4791 2 0.0646
 
Question 6
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 65.5 10.9167 -0.607
e 12 191 15.9167 2.367
ec 6 43.5 7.2500 -2.092
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1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq

6.5700 2 0.0374
 
Question 7
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0

ChiSquare DF Prob>ChiSq

ce 6 82 13.6667 0.442
e 12 122 10.1667 -1.618
ec 6 96 16.0000 1.393
1-way Test, ChiSquare Approximation 

3.0542 2 0.2172
 
Question 8
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0

ChiSquare DF Prob>ChiSq

ce 6 90 15.0000 1.001
e 12 140.5 11.7083 -0.538
ec 6 69.5 11.5833 -0.345
1-way Test, ChiSquare Approximation 

1.0731 2 0.5848
 
Question 9
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0

DF Prob>ChiSq

ce 6 74 12.3333 -0.034
e 12 176 14.6667 1.507
ec 6 50 8.3333 -1.672
1-way Test, ChiSquare Approximation 

ChiSquare 
3.3686 2 0.1856

 
Question 10
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Score Sum Score Mean (Mean-Mean0)/Std0

ChiSquare DF 

Count 
ce 6 70 11.6667 -0.316
e 12 157 13.0833 0.395
ec 6 73 12.1667 -0.105
1-way Test, ChiSquare Approximation 

Prob>ChiSq
0.1976 2 0.9059

 
Question 11
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum (Mean-Mean0)/Std0

ChiSquare DF Prob>ChiSq

Score Mean
ce 6 76 12.6667 0.035
e 12 162.5 13.5417 0.720
ec 6 61.5 10.2500 -0.901
1-way Test, ChiSquare Approximation 

0.9421 2 0.6243
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Question 12
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0

ChiSquare DF Prob>ChiSq

ce 6 76.5 12.7500 0.068
e 12 162.5 13.5417 0.712
ec 6 61 10.1667 -0.924
1-way Test, ChiSquare Approximation 

0.9720 2 0.6151
 
Question 13
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 91 15.1667 1.067
e 12 148 12.3333 -0.089
ec 6 61 10.1667 -0.929
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
1.6122 2 0.4466

 
Question 14
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 85 14.1667 0.653
e 12 151 12.5833 0.030
ec 6 64 10.6667 -0.721
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
0.7840 2 0.6757

 
Question 15
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 73 12.1667 -0.101
e 12 146 12.1667 -0.204
ec 6 81 13.5000 0.371
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
0.1638 2 0.9214

 
Question 16
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 64.5 10.7500 -0.678
e 12 162 13.5000 0.676
ec 6 73.5 12.2500 -0.068
1-way Test, ChiSquare Approximation 

ChiSquare DF Prob>ChiSq
0.6369 2 0.7273

 
Question 17
 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Score Mean (Mean-Mean0)/Std0
ce 6 56.5 9.4167 -1.220
e 12 154.5 12.8750 0.235
ec 6 89 14.8333 0.915
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1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq

1.8878 2 0.3891
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