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ABSTRACT 

This study serves to commence research on a new concept within the purview of 

human-computer interface design. This concept is called leamability and addresses the 

ability of a computer user to learn how to use software without explicit training. The 

concept of leamability differs from the more common concept of usability in that it 

serves a purpose different from the "engineering type" of work performed by usability 

that focuses on contributions from cognitive science and human factors researchers. In 

particular leamability is concerned with factors local to the user's situation that may not 

be predictable a priori. While usability engineering aims to prescribe how human 

computer interfaces are designed, leamability may be thought of as a descriptive concept, 

that may only inform the design of computer interfaces. 

Because this study seeks to begin research in leamability the research questions in 

this study are formative to assist in dimensioning the factors surrounding this concept and 

how they may be better understood and studied. The research questions permitted the 

discovery and exploration of factors affecting leamability and how those factors may 

then be designed into a human computer interface. The study also forwards several 

methodologies for assessing if a leamable human-computer interface has been achieved. 

This study is grounded in theories of social science, human communication and 

instructional design. However, it deviates from these theories in important ways when 

they were found to conflict with this study's definition of leamability. In particular, this 

study extends the work of Cool (1993), Carroll (1984, 1990, 1992) and Suchman (1987) 

in their framing of the problems encountered by persons both leaming to use and using 

computers to accomplish everyday work. Their work, and this study conceives of 

leaming-how-to-use-computers as a constmctivist phenomenon that is effected by social, 
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perceptual and interpretive factors ancillary to the actual leaming task. This study's 

methodologies are therefore taken from social science research in symbolic interaction, 

ethnomethodology and the unconventional stochastic modeling of human 

communications processes. 

When these methods were used to discover factors related to how a computer user 

perceives, interprets and performs work, and those discoveries used in informing the 

design of a human-computer interface, the research participants were found to be able to 

learn how to use the computer to use the underlying software without explicit training. It 

is therefore possible that these perceptual and interpretive factors play an important role 

in leaming how to use computers. More research is needed to better understand the new 

concept of leamability and to dimension the factors that contribute to its successful 

implementation in the practice of human-computer interface design. 
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CHAPTER I 

INTRODUCTION 

Background of the Study 

Mystique of the Microcomputer 

The capabilities and flexibility of modem microcomputers are awesome testimony 

to 20th century technology. Television and print advertising suggest that mastery of 

computer technology has the potential of bequeathing David-over-Goliath power and an 

edge over business competitors or fellow students. Once leamed, computers provide one 

button (or one mouse-click) access to unlimited skills and knowledge. Lack of computer 

skills is associated with being behind in some invisible race toward business or school 

success. Although not long ago computers were considered the domain of technical 

experts, we are now told that computers are for the "rest of us" (Raymond, 1994, p. 189). 

The seminal question of computer use. In the process of making a computer for 

the rest of us, engineers, scientists, and psychologists have focused considerable research 

energies toward making them more usable (Laurel, 1990; Shneiderman, 1992; Nielsen & 

Mack, 1994; Rubin, 1994). Thanks to research in human-computer-interaction (HCI), the 

act of using computers has become easier, but the processes of (a) leaming to use 

computers to do practical work, (b) adapting current skills to computer technologies, or 

of (c) updating computer skills have remained difficult (Gery, 1991; Fitzgerald & Cater-

Steel, 1994). These problems are perhaps encountered by every computer user at one 

time or another in the course of using computers to do practical work. These problems 

may also be subsumed by the infinitely variable and context bound, or "indexical" 

(Garfinkel, 1967) question; "how do I tell the computer to do what I need to get done?" 



The answer(s) to this question require the acquisition of "knowledge in action" 

(Suchman, 1987; Perkins & Salomon, 1989) where task related knowledge and the 

conditions surrounding its use must be factored together to "accomplish" mundane, 

practical work-a-day acts (Garfinkel, 1967, pp. 9-10; Suchman, 1987). The "situated" 

(Suchman, 1987) and reflexive (Garfinkel, 1967, p. 4) nature of these acts suggests that 

they cannot be reliably predicted, or planned in advance (Suchman, 1987; Gery, 1991). 

Traditional teaching methods require that an instmctional designer or teacher be able to 

plan for all possible contingencies in a leaming situation (Dick & Carey, 1985; Gagne et 

al., 1992). For this reason, teaching "knowledge in action" is a difficult endeavor. 

Acquiring this same skill appears to be no less unpredictable but perhaps easier because 

of the necessary "indexicality" of language, and "reflexivity" of actions in context 

(Garfinkel, 1967; Heritage, 1984; Livingston, 1987; Suchman, 1987; Hilbert, 1992) that 

may assist a learner in acquiring the proper skills and knowledge (Suchman, 1987, p. 61). 

Indexicality refers to spoken or written statements that depend anaphorically to their 

context in order to be understood. Reflexivity refers to a similar contextual binding that 

requires knowledge of physical environment to understand actions. 

Leaming to Use a Microcomputer 

With the common impression that computer skills are a necessary component of 

membership in 20th century society, schools and businesses have begun to take steps 

toward producing citizens and employees who are "computer literate" (Fitzgerald & 

Cater-Steel, 1995; Price & Winiecki, 1995) and able to incorporate electronic computing 

technologies into their professional and personal lives. Private citizens without the 

advantage of formal computer instmction have likewise begun to seek assistance. The 

common goal for each of these groups is to instmct or acquire skills to use computers to 
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do practical work. However, schools, businesses and home computer users have adopted 

various methods for addressing the need for computer skills. 

Common Instructional Strategies 

To this end, traditionally organized schools prefer classroom-based "computer 

literacy" instmction (Price & Winiecki, 1995), businesses frequently contract for 

"seminar" type training sessions and many others opt to purchase their own "self-help" 

instmction materials. Despite their differences, each of these instmctional methods and 

resources share common roots in classical instmctional design theory and practice. 

Computer literacy instmction. Whether aimed at traditional students or "non-

traditional" or "continuing education" audiences, school-based computer education 

typically centers around the concept of "computer literacy" (Price & Winiecki, 1995). 

Using the EDIT 2318 "Computer and Information Technology" course offered by the 

College of Education at Texas Tech University as an example, the instmctional aims of a 

computer literacy course are to raise each student's level of experience with computers so 

that they have (a) reduced computer-related anxiety, (b) experience with common 

microcomputer software (such as a word processor, spreadsheet, database, graphics, 

telecommunications), (c) a technical vocabulary that permit them to converse about 

computer subject matter, and (d) awareness of computer ethics and social issues 

surrounding computer use (Price & Winiecki, 1995). Appendix A contains the course 

syllabus for EDIT 2318 as a representative example of the curricular content of a 

"computer literacy" course. 

Commonly, computer literacy courses are offered in a laboratory setting. 

Additionally, curricular materials frequently rely on "cookbook" tutorial exercises to 

present new leaming material (Presley & Frietas, 1992; Price & Winiecki, 1995; Shelly, 
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Cashman & Jordan, 1996; see also Appendix A). As a function of this method of 

instmction, course content and activities become abstracted from "realistic" contexts. 

Research by Brown, Collins and Duguid (1989), Perkins and Salomon (1989) and 

The Cognition and Technology Group at Vanderbilt (1990) shows that the context of 

experience in classroom activities has an effect on how well students are able to abstract 

and use course teachings in related activities. Social scientists (Garfinkel, 1967; 

Goffman, 1967, 1972a, 1972b; Blumer, 1969; 1972; Heritage, 1984; Livingston, 1987; 

Hilbert, 1992) similarly suggest that persons use context-related cues to help them 

interpret situations and determine appropriate options or courses of action outside of 

"schoolbound" leaming situations. Unfortunately the practice of instmctional systems 

design (ISD) often leads its practitioners to develop instmction that is decontextualized 

(Carroll, 1984, 1990, 1992; Brown, Collins & Duguid, 1989; Perkins & Salomon, 1989), 

leading to a situation where leamers are forced to operate without necessary contextual 

information. 

In his research of "minimal" methods for instmction in computer use, Carroll 

(1990) identifies this problem as the "paradox of sense making" (p. 77). Carroll's 

paradox indicates that a leamer is fundamentally disadvantaged by the gap between an 

instmctional designer's perception of an instmctional system's context and use and how a 

learner perceives that system within his or her personal context of need. Much of 

Carroll's research at IBM corporation implicitly honors the importance of context and 

leamer perceptions by providing "as-close-to-real-as-possible" settings for research into 

how people leam to use computers (Carroll, 1984, 1990). 

With empirical research identifying the positive effects of context-bound learning, 

situated cognition (Perkins & Salomon 1989; Brown, Collins & Duguid, 1989; The 

Cognition and Technology Group at Vanderbilt, 1990) and the contextual and perceptual 
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rooting of "practical" action (Garfinkel, 1967; Goffman, 1967, 1972a, 1972b; Blumer, 

1969; 1972; Heritage, 1984; Livingston, 1987; Hilbert, 1992), it may be argued that the 

traditional "context free" computer lab setting and teaching strategies are of limited utility 

in addressing the contextual and leamer perceived needs implied in the seminal computer 

question, and Carroll's (1990) paradox of sense making. 

The computer "seminar." As a response to the need to educate the workforce, a 

second method of computer instmction has emerged primarily as a venue for training 

business computer users, computer "seminars" (Gery, 1991; Nelson, Whitener & Philcox, 

1995). Unlike the broad approach of computer literacy instmction, computer seminars 

typically provide an intensive and detailed training experience in the use of a single 

software application (Gery, 1991; Nelson, Whitener & Philcox, 1995). Typically, 

computer seminars are delivered by experts trained in instmctional design. These 

training seminars are frequently "canned" presentations designed to maximize 

repeatability with the idea that their instmctional designs are effective across 

demographically equivalent audiences (Gery, 1991; Nelson, Whitener & Philcox, 1995). 

Professional computer trainers frequently design and administer instruction in the 

same manner as computer literacy instmction; relying on the use of simplified or 

abstracted "exercises" and controlled procedures to demonstrate software features 

(Carroll, 1990; Gery, 1991). However, corporate computer users typically realize little 

long-term gain from these sessions (Gery, 1991; Nelson, Whitener & Philcox, 1995). 

Training practitioners criticize that although instmctional designs are generalizable across 

demographically equivalent groups, leamers in a seminar-type session cannot be 

considered "equivalent" (Gery, 1991). Gery (1991) argues that there is no guarantee that 

attendants at a training seminar are even equivalent to the "model" leamer assumed by 

instmctional designers. Thus, other than a more detailed subject-matter focus and 
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superficial refinements for delivery to a "professional" audience, seminar-type training 

for business computer users appears no better suited to addressing the seminal computer 

question, or Carroll's (1990) paradox of sense making, than does classroom based 

computer literacy instmction. Other practitioners recommend varying degrees of learner 

"screening" to fit them into training sessions by skill and knowledge level (Fitzgerald & 

Cater-Steel, 1995; Nelson, Whitener & Philcox, 1995). Pre-screening seminar 

participants in this way is posited to better enable trainers to focus leaming material and 

incorporate leamer skills and knowledge (Fitzgerald & Cater-Steel, 1995; Nelson, 

Whitener & Philcox, 1995). This strategy continues to ignore the idea that context-based 

knowledge contributes to leaming effectiveness (Brown, CoUins & Duguid, 1989; 

Perkins & Salomon 1989; The Cognition and Technology Group at Vanderbilt, 1990). 

Self-help instmction. To individuals without access to either of the above, a third 

method of computer instmction is available. This method is characterized by both 

original software publisher's and 3rd party materials and 'how-to' guides. The media 

used in self-help materials ranges from printed manuals, to on-line help glossaries 

(software versions of printed manuals), hypertext help systems (Shneiderman, 1992), on

line demonstrations (Microsoft, 1994b) and interactive video training (Gery, 1991). 

However, even the existence of "self-help" aids do not guarantee that a computer 

user will correctly interpret the instmctions as intended by their author (Lewis & Mack, 

1982). All but one of the research participants offered tacit support to Lewis and Mack's 

(1982) findings. When asked how they leamed to use work related software they 

independently agreed that software manuals and help systems are "too hard to figure out" 

or were "made for computer people" and that they preferred to seek help from the office's 

computer "expert" or other tmsted colleagues. 
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A common (and bad) example of "self-help." As with computer literacy and 

seminar type instmction, self-help materials typically serve only to list or demonstrate the 

steps needed to accomplish some "tutorial" task that is abstracted from the learner's 

actual context of need (for example, Gery, 1991; Microsoft, 1994a; see also Appendix A). 

When using such "tutorial" materials a leamer may encounter several problems 

(Suchman, 1987). The leamer must first know the vocabulary terms and their meanings 

as used in the training materials. Second, he or she must (a) read and (b) understand the 

instmctions, (c) recall their specific need, (d) abstract the presented instmction(s), fit their 

need into it, and (e) retum to their application and attempt to implement the procedure. 

Leaming apart from a genuine context while using written and perhaps other self-help 

materials can be a difficult process (Suchman, 1987; Carroll, 1990; Nelson, Whitener. & 

Philcox, 1995). 

Analysis of an existing computer manual can help to clarify the problems 

potentially encountered and as verbalized by the research participants above. For 

example, a user of the Microsoft® Access® (Microsoft, 1994a) database management 

system is guided by the instmctions presented in Figure 1.1 for printing a report from a 

database. 

Referring to Figure 1.1, a computer user is immediately confronted with a 

problem if he or she located these instmctions by searching the manual's index but 

1. is not familiar with the terms used in the instmction. After looking up the 

definitions of each unfamiliar term (Figure 1.1) he or she may then have 

difficulty; 

2. piecing together the various definitions and 
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3. applying the new information to his or her specific need, for example to print 

a page. This is a potential source of the seminal computer question where 

what "I need to get done" requires prior knowledge. 

Printing Datasheets, Forms, Reports, and IVIodules 
You can print data in your tables, queries, forms and reports, or code in your 
modules. You can either print the currently open object, or you can print any 
object from the Database window. 

To print data in an object 

1. Open the object (for a table or query, open it in Datasheet view). 

-Or-

Select the object in the Database window. 

2. From the File menu, choose Print (or click the Print button on the toolbar). 

3. In the Print dialog box, select appropriate printing options. 

4. Choose OK. 

Figure 1.1. Instmctions for printing a database table (Microsoft, 1994a, pp. 5152). 

Second, even if a person successfully completes this process, constmctivist 

leaming theory (Vygotsky, 1978; Ormrod, 1990; von Glasersfeld, 1995) implies that for 

the task to be leamed he or she must still complete a process typified by dialectical 

synthesis and modify his or her perception of the problem to reconcile the solution 

required by the computer. Ethnomethodologists and communication scholars identify the 

potential for these difficulties and suggest that they are centered on a learner's inability to 

zero in on the "indexical" and "reflexive" (Garfinkel, 1967, pp. 4-9) meaning of prepared 

lessons (Suchman, 1987, pp. 61-62). 
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However, if the leamer overcomes these difficulties, self-help materials have the 

potential for providing better instmction than other means. This potential exists because 

the leamer's self-directed need and attention permit them to find "just in time" training 

(Fitzgerald & Cater-Steel, 1995) that accommodates his or her context-dependent needs 

and avoids the decontextualizing problems noted with classroom and seminar types of 

instmction. As modeled above however, self-help methods may still lack needed 

instmctional "bridging" implied by Garfmkel's (1967) indexicality and reflexivity, and 

manifested in the seminal computer question and Carroll's paradox of sense making 

(1990). In short, while traditional computer literacy and seminar instmctional methods 

can fail due to the abstracted context mandated by rigid instmctional designs, self-help 

materials can fail when the leamer is not is not familiar with the vocabulary used or is not 

able to "correctly interpret" the decontextualized instmction (Suchman, 1987, pp. 27-28). 

Instmctional design. Classical instmctional design theories converge on an 

"additive" principle, that leaming is most successful when new information can be related 

to something already known. Gagne's "9 events of instmction," (Gagne, Briggs & 

Wager, 1992), Bmner's "spiral curriculum" (Bmner, 1966) and Polya's metacognitive 

coaching (Polya, 1988) are all similarly grounded in this concept as theorized by Piaget-

ian "assimilation" and "accommodation" (Ormrod, 1990) and Vygotsky's instantiation of 

Hegel's "thesis-antithesis-synthesis" dialectic (Thomas, 1992). 

Underlying the mbric of instmctional design is a philosophy supporting the idea 

that a single instmctional plan may be equally effective across all members of a 

homogenous population (Dick & Carey, 1985; Gery, 1991; Gagne et al., 1992). 

However, as described above, the problem of using computers to do practical work will 

likely be as variable as the persons attempting it as determined by their current skills, 

context of use and perception of the problems or tasks to be accomplished. The expected 
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homogeneity of the leaming audience is not likely (Gery, 1991). Therefore, an 

instmctional philosophy dependent on uniformity of leamer skills, contexts of use and 

perceived needs is an inappropriate tool for addressing the seminal computer question and 

Carroll's (1990) paradox of sense making. 

The "office expert." In many small work-group environments, computer training 

situations are not planned nor are they officially sanctioned and organized (Carroll, 1990; 

Gery, 1991). Commonly, work-group members, as a function of their membership in the 

workgroup, actively identify and satisfy their own needs~a5 needed—by relying on the 

expertise of a more capable peer, or by putting-their-heads-together to solve a common 

problem (Gery, 1991). The didactic appropriateness of this behavior is supported by 

classical Piagetian (Ormrod, 1990) and Vygotskyan (Vygotsky, 1978; Thomas, 1992) 

theory, and its inevitability suggested by ethnomethodological research supporting the 

idea that individuals actively work to create, maintain and repair their own practical 

reality independent of pre-planned actions (Garfinkel, 1967; Heritage, 1984; Livingston, 

1987; Suchman, 1987; Hilbert, 1992). 

The existence of a more capable peer or a computer expert is an all but guaranteed 

feature in any computing environment (Fitzgerald & Cater-Steel, 1995; Gery, 1991). 

Research shows that, because of his or her accessibility to co-worker's needs, the office 

computer expert may spend a considerable amount of time assisting others and 

performing ad hoc training (Gery, 1991; Nelson, Whitener & Philcox, 1995). So much 

time may be spent in these informal activities that an office expert may become too busy 

to perform normal job responsibilities (Gery, 1991; Nelson, Whitener & Philcox, 1995). 

Thus, despite its ability to accommodate needs demanded by the seminal 

computer question and the paradox of sense making, unless they are planned for in 

advance (Fitzgerald & Cater-Steel, 1995), hidden costs associated with the office expert's 
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peer tutoring may make it an unacceptable solution (Gery, 1991; Nelson, Whitener & 

Philcox, 1995). Instead, it may be preferable to give leamers the ability to help 

themselves leam independently in the context of their work and as needed by the current 

demands of that work (Carroll, 1990; Gery, 1991; Fitzgerald & Cater-Steel, 1995). Such 

a method complies with research in situated cognition and context-dependent learning 

(Perkins, 1985; Brown, Collins & Duguid, 1989; Perkins & Salomon, 1989; The 

Cognition and Technology Group at Vanderbilt, 1990) recommending that leaming occur 

as a hands on activity in situ, as opposed to instmction via an abstracted and 

decontextualized lecture, seminar or "cookbooky" lessons. 

Need for a composite methodology of designing and delivering computer 

instmction. Overall, it appears that the didactic practice of an office expert is the most 

compatible with research surrounding situated cognition and context-dependent leaming 

(Perkins, 1985; Suchman, 1987; Brown, Collins & Duguid, 1989; Perkins & Salomon, 

1989; The Cognition and Technology Group at Vanderbilt, 1990). It also appears most 

responsive to the indexicality and reflexivity (Garfinkel; 1967 Suchman, 1987; Coulon, 

1995) suggested by the seminal computer question and Carroll's (1990) paradox of sense 

making. However, despite its flexibility and effectiveness, one-on-one apprenticeship 

methods of teaching and leaming are also difficult to codify and costly to conduct and 

difficult to reproduce across a group of leamers (Carroll, 1990; Gery, 1991; Nelson, 

Whitener & Philcox, 1995), especially in non-classroom or vocational leaming situations. 

What is needed is a composite instmctional design and delivery methodology that 

combines the benefits of peer tutoring as exampled by the office expert, with the 

efficiency and ease of delivery afforded by formal instmctional design methods. Efforts 

aimed at incorporating the office expert into training media using "artificial intelligence" 

and "expert systems" technologies have achieved limited success but have also suffered 
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from high cost of implementation and maintenance (Suchman, 1987), and have been 

found to retain the decontextualizing hability of traditional instmctional design methods 

(Suchman, 1987; Carroll, 1990; Gery, 1991). 

Design compromises and a possible solution. Traditional instmctional design 

methods have been refined for effectiveness (Gery, 1991; Nelson, Whitener & Philcox, 

1995) across groups determined to be homogenous on some set of predefined criteria. 

However, depending on the context of need and characteristics of leamers that are not 

considered in these criteria, persons facing the seminal computer question or the paradox 

of sense making (Carroll, 1990) may not be able to benefit from such shotgun approaches 

(Gery, 1991; Fitzgerald & Cater-Steel, 1995; Nelson, Whitener & Philcox, 1995). 

Traditional instmctional designs compromise in favor of maximal generalizability at the 

expense of contextual and personal factors that make the office expert so effective 

(Fitzgerald & Cater-Steel, 1995; Nelson, Whitener & Philcox, 1995). Simon (1984) 

characterizes these design compromises as an inevitable "satisficing" process, where the 

result of a design is never optimal but merely "satisfies" and "suffices" to solve the most 

pressing aspect of a perceived need (Simon, 1984). Other researchers posit that the 

nature of planning, or of establishing mles for interactive behavior (Hilbert, 1992), 

including leaming, forces the instmctional designer to abstract and decontextualize his or 

her work, effectively severing the leamer from potentially helpful contextual information 

(Suchman, 1987). 

An effort to restore attributes of the office expert to an instmctional situation 

would satisfice toward contextual factors and perceived needs of individual computer 

users. It is the leamers themselves who identify and pursue their own needs. Because the 

learners are in control of these leaming situations, one may suggest that leamers may then 

be able to help themselves by planning and implementing their own instmction. 
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However, research shows that neither naive (Wright & Bason, 1982; Landauer, Galotti & 

Hartwell, 1983) nor expert (Wright & Bason, 1982; Rosson, 1983) computer users have a 

robust enough knowledge of even simple computer systems to permit them to create 

useful training for their own limited needs (Wright & Bason, 1982; Landauer, Galotti & 

Hartwell, 1983; Rosson, 1983). 

Instead, it has been shown that a design specialist who is informed of user needs, 

present knowledge and skill levels, is better able to design an easily leamed system 

(Wright & Bason, 1982; Fitzgerald & Cater-Steel, 1995). From this, it appears then that 

software design requires some "outside knowledge" of instmction coupled with an 

"inside knowledge" of actual needs, to create successful instmction and easily leamed 

software (Wright & Bason, 1982). With this design methodology however, three design 

related questions emerge: (a) how much of each type of knowledge is necessary, (b) how 

insider knowledge is to be acquired by the outsider and (c) how this knowledge may be 

used to inform software design. 

Software Design 

Current practice: Designing for usability. Instead of focusing on how easily a 

software application may be leamed, current methods of designing and testing 

microcomputer software are aimed at maximizing usability (Nielsen & Mack, 1994). By 

definition, usability is comprised of three factors (a) how easy it is for users to leam a 

system, (b) how efficiently they can use it once they have leamed it, (c) and how pleasant 

it is to use (Nielsen & Mack, 1994, p. 3). However, despite its primary position in this 

definition, software design methods appear to satisfice (Simon, 1994) on the second and 

third aspects. Improved leamability appears to be an expected side-effect of the 

application of cognitive mles derived by behaviorist and human-information-processing 
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theory and research (Card, Moran & Newell, 1983; Hix & Hartson; 1993; Nielsen & 

Mack, 1994) and the employment of graphic and mechanical "mles" of human-computer 

interface design (Apple, 1987; Microsoft, 1992; Tognazzini, 1992; Hix & Hartson, 1993; 

Horton, 1994). A similar dependency on mles of social interaction has been an ongoing 

controversy since the emergence of functionalist theories in sociology (Hilbert, 1992). 

When the productivity of computer users is identified as a problem, the 

responsibility for assuring user leaming is frequently transferred to explicitly designed 

help systems, tutorial manuals and third party training materials (Gery, 1991; Fitzgerald 

& Cater-Steel, 1995). While these methods show success in situations where context and 

user perceptions may be controlled (Fitzgerald & Cater-Steel, 1995), their ability to 

answer the seminal computer question or paradox of sense making in uncontrolled and 

practical computer work situations is in question (Carroll, 1990; Gery, 1991; Fitzgerald & 

Cater-Steel, 1995). 

Proposed: Designing for leamability. Theories of cognitive science and 

instmctional design define learning as a process of relating new data to what is already 

stored in long term memory (Bmner, 1966; Dick & Carey, 1985; Ormrod, 1990; Gagne et 

al., 1992; von Glasersfeld, 1995). A principal tenet of modern instmctional theory is that 

leaming will be more successful if new information is related and attached to existing 

knowledge during the leaming process (Bmner, 1966; Dick & Carey, 1985; Ormrod, 

1990; Gagne et al., 1992; von Glasersfeld, 1995). Social science research argues that 

context acts as a lens that focuses an individual's ability to perceive salient components 

and to choose appropriate actions in diverse situations (Garfinkel, 1967; Blumer, 1969, 

1972; Goffman, 1972a, 1972b; Heritage, 1984; Livingston, 1987; Suchman, 1987; 

Hilbert, 1992). Educational research supports the value of leaming in the actual contexts 

where information and skills will be used (Perkins, 1985; Brown, Collins & Duguid, 
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1989; Perkins & Salomon, 1989; The Cognition and Technology Group at Vanderbilt, 

1990). Thus, any new methodology for designing easy-to-leam software should include a 

means for incorporating a user's context-bound perceptions of the task(s)-to-be-

performed into the leaming process. 

A method for designing to improve the leamability of computer software would 

therefore follow the didactic example of the office expert to better respond to the 

perceptions and context-dependent needs of leamers. On the way however, it is still 

necessary to address three questions left unanswered by current software design practice: 

(a) how much "insider" and "outsider" knowledge is necessary to build relevant context 

information into computer software, (b) how this knowledge is to be acquired by an 

"outsider" designer and (c) how this knowledge should be used to inform software 

design. 

Designing to incorporate user perceptions. Research from Cool (1993) and 

Newby (1989) implies that usability engineering is not enough—that additional factors 

must be accounted for to facilitate the creation of software that is easy-to-leam. Their 

research suggests that an easy-to-leam computer interface must accommodate a computer 

user's prior knowledge, experiences and perceptions of the task and its context of use. 

Specifically, Cool (1993) delineates three design criteria that include (a) a 

stereotypical demographic knowledge of a user, (b) past experiences of a user, and (c) a 

user's perception of the task to be accomplished. Ethnomethodological research 

implicitly supports Cool's (1993) design suggestions through its pursuit of similar data in 

an effort to define the methods people use to "accomplish" tasks comprising the reality of 

their daily work and lives (Garfinkel, 1967; Heritage, 1984; Livingston, 1987; Suchman, 

1987; Hilbert, 1992). Both Carroll (1990) and Gery (1991) support the notion that 
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leaming how to use software to perform everyday work is a similar and regular 

accomplishment. 

Simon (1984) offers a theoretical philosophy for design that may assist in further 

clarifying several questions for software designers: (a) how much "insider" and 

"outsider" knowledge is necessary, (b) how this knowledge is to be acquired by the 

"outsider/designer" and (c) how this knowledge is used to inform software design. 

Simon's (1984) inner design. Functionalist notions of design exhibit the maxim 

"form ever follows function" (Sullivan, 1988, p . 11). This design philosophy 

emphasizes the "inner environment" of design (Simon, 1984) where the designed artifact 

must fulfill some set of functional imperatives to be considered successful. 

For example, the minimal form of a chair might be defined as having an elevated 

surface to sit on and of being capable of supporting the weight of a human. This 

definition of "chair" is totally independent of context. Similarly, in instmctional design, 

Gagne's codified nine events of instmction (Gagne et al. 1992) inform instmctional 

designs that are similarly independent of context or individual leamer differences. 

Simon's (1984) outer design. While the minimal concept of chair permits much 

flexibility in design, the context of a chair's use (something only indirectly related to its 

"chair-ness") has a substantial effect on its suitability to a given application. The context 

of use and the user's perceptions and interpretations of a design's potential and 

appropriate applications describe Simon's (1984) outer environment of design. 

Similarly, microcomputer software fulfills a certain minimal set of characteristics 

to be categorized as word processor, spreadsheet, or database. Once these "inner" 

imperatives are satisfied, adding upholstery (in the form of different features or methods 

of operation) serves only to better accommodate psycho-motor and cognitive limits 

characterizing the "inner" dimensions of computer users. In this way a chair or computer 
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software may be more comfortable to its users~as delineated in the third aspect of 

Nielsen and Mack's "usability" (1994, p. 3). 

Traditional human factors engineering employs the empirically derived Joe and 

Josephine (Dreyfuss, 1960) (representing the physical dimensions of the prototypical 80th 

percentile American adult) to inform the geometry of its designs in the same way that the 

work of research psychologists and instmctional designers (Bmner, 1966; Card, Moran & 

Newell, 1983; Dick & Carey, 1985; Gagne et al., 1992) has attempted to forward codified 

stmctures of human behavior, cognition and leaming. Findings of such research have 

been used to make computer software (among other things) more comfortable for its 

users (Card, Moran & Newell, 1983). As described, "comfortable" software interface 

designs equate to the second and third of Nielsen and Mack's (1994, p. 3) usability 

criterion for computer software. However, usable software does not necessarily equate to 

leamable software for the simple reason that something that is easy to do once leamed is 

not, at the same time easy to leam how to do. An example of this would be tying one's 

shoelaces. 

Research implies that much of the effort in design is spent gaining a better 

understanding of the design problem itself (PiroUi & Berger, 1991). This suggests that if 

any facet of the problem is poorly understood or omitted, the resulting design may 

inadequately address the existing need. In terms of how easily a software application 

may be leamed, omitting the user context and perceptual component of Cool's (1993) 

design typology may therefore increase the possibility of producing a difficult to leam 

software application. 

The superficial fix of user-centered design. Without affirming them, current 

design and research in human-computer interaction attempts to tap into a computer user's 

contextual perceptions through the performance of user-centered-design (Gould, Boies & 
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Lewis, 1991; Hix & Hartson, 1993; Rettig, 1994). The practice of User-Centered Design 

(UCD) includes potential users in the software design team. In practice (Hix & Hartson, 

1993), this technique is sometimes similar to a visit to the optometrist where professional 

software designers give a prospective user a closed set of options and ask which is better, 

option A or option B. In other cases, the potential user is given the authority to assemble 

his or her own interface design from a set of puzzle pieces representing buttons, menus, 

or other familiar artifacts to customize the computer interface to his or her liking (Hix & 

Hartson, 1993; Rettig, 1994). Although the stated aim of UCD is to refine the approach 

to software design by bringing users' opinions and preferences into the design process 

(Hix & Hartson, 1993; Rettig, 1994), the user remains outside, permitted only to choose 

from the options supplied by the designers, but not empowered to inform the production 

of those options. 

Other techniques include prospective users of a software application in an 

"iterative design process" (Hix & Hartson, 1993; Rettig, 1994). In this design 

methodology, the prospective users serve as a jury to evaluate the software designer's 

product through successive refinements in the design cycle. UCD practitioners and 

researchers report that iterative techniques result in easy-to-leam software interfaces 

(Mumford & Henshall, 1979; Hix & Hartson, 1993; Rettig, 1994). However, instead of 

designing easy-to-leam software, what may actually occur is a gradual and unintentional 

acclimation as user/evaluators become accustomed to the software through the design 

process. 

Designers appear to be aware of the "outer environment" of human-computer 

interaction (HCI)~its context of use and the perceptions and interpretations of an 

interface by its users~but fail to fully include a major component of it in their designs. 

Some sociological studies of software design have addressed this to include actual end-
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users as full contributing members in software design teams (Mumford & Henshall, 

1979). Although such methods have proven successful in producing systems for their 

users, the "number of months" (Mumford & Henshall, 1979, p. 5) involved in design 

stages seems extravagant in today's Rapid Application Development (RAD) (Topspeed, 

1994) software industry. Overall, it appears that current techniques of software design 

fail to address the seminal computer question and the paradox of sense making 

encountered by computer users in the context of their work. 

Statement of the Problem 

Theories of leaming and instmctional design converge on the idea that leaming is 

most probable when a leamer is assisted in connecting new information with existing 

knowledge (Bmner, 1966; Dick & Carey, 1985; Polya, 1988; Gagne et al., 1992). 

Current instmctional design theory and practice provides this by requiring the 

instmctional designer or teacher to explicitly define the leaming audience's current skills 

and knowledge, and then devise a means to connect them with new skills and knowledge 

(Bmner, 1966; Dick & Carey, 1985; Polya, 1988; Gagne et al., 1992; Fitzgerald & Cater-

Steel, 1995; Nelson, Whitener & Philcox, 1995). 

In working situations, leaming or updating computer skills is a regular and 

reflexive or context-dependent need (Carroll, 1990; Gery, 1991; Compeau, Olfman, Sein 

& Webster, 1995; Fitzgerald & Cater-Steel, 1995; Nelson, Whitener & Philcox, 1995). 

However, formal instmctional design models may not be appropriate (Carroll, 1990; 

Gery, 1991; Compeau, Olfman, Sein & Webster, 1995; Fitzgerald & Cater-Steel, 1995; 

Nelson, Whitener & Philcox, 1995) because in such situations learner skills, knowledge 

and needs are not easily predictable (Gery, 1991). In these situations, ad hoc peer 

tutoring may become the most common and effective method of instmction (Gery, 1991; 
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Fitzgerald & Cater-Steel, 1995). However, despite its effectiveness, this instmctional 

methodology has drawbacks that may make it unacceptable (Gery, 1991; Fitzgerald & 

Cater-Steel, 1995). Assumptions and expectations of existing methods of instmctional 

design are thus often inappropriate for updating computer skills and knowledge, and more 

appropriate didactic means are often unacceptable for the environment in which the 

instmctional need exists (Carroll, 1990; Gery, 1991). 

A new method of designing and implementing computer instruction is needed, 

one that reaches a compromise between formalized methods of instructional design and 

delivery and informal methods used by an "office-expert." A more appropriate design 

methodology for providing training in computer use may be reached by replacing formal 

and decontextualizing methods of instmctional design with social science based research 

methodologies that seek to discover both "inner" and "outer" environments (Simon, 

1984) of a computer user/learner. Imbuing human-computer interface designs with these 

attributes may permit the inclusion of contextual information normally eliminated by 

formal instmction (but provided by peer-tutors) and permit computer users to help 

themselves in terms of their current skills and knowledge and within their current 

perceived context of need. 

Purposes of the Study 

Based on the apparent need to accommodate a computer user's outer, or 

contextual knowledge to help them overcome both the seminal computer question and 

Carroll's "paradox of sense making" (1990), this study provides a theory-based 

methodology for (a) defining salient dimensions of Simon's (1984) outer environment of 

computer users, and (b) using them to inform the design of a computer interface to 

enhance the leamability of a microcomputer database. Finally, (c) this study will 
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describe the effects of the resulting interface design by qualitatively and quantitatively 

recording and analyzing computer user's experiences with it as they learn it in actual use. 

The use of both qualitative and quantitative tools is intended to provide the researcher and 

reader of this study with information that will enable them to evaluate conditions that 

appear to contribute or detract from leaming, and to forward an altemate model for 

assessing the accomplishment of leaming in practical, everyday contexts. 

The Research Questions 

Will the process of human-computer interface design, as informed by three 

things-(a) ethnographic study of the research participant's work environment and 

methods, (b) Cool's (1993) three part typology and (c) current "standards" of human-

computer interface design (Horton, 1991; 1994; Tognazzini, 1992; Hix & Hartson, 1993; 

Nielsen & Mack; 1995)-permit the development of a computer interface that: 

RQl. matches the outer environment created by an office-based computer user's 

context-based perception and interpretation of a task, and 

RQ2. is leamable without special tutoring or instmction? 

Definition of Terms 

Anti-flow and Flow. In terms of this research, flow is the balance of skill, 

knowledge and need. A balance of these elements permits a person to accomplish tasks 

with limited metacognitive input. An imbalance of these elements leads to anti-flow 

(Allison & Duncan, 1988), where too little skill may result in fmstrafion or too little 

challenge leads to boredom (Csikszentmihalyi, 1991; Csikszentmihalyi & 
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Csikszentmihalyi, 1994). The definition used in this study excludes affective factors 

leading to "autotelic" experiences (Csikszentmihalyi & Csikszentmihalyi, 1988). 

Computer Interface. Human-Computer Interface and Interface. The medium with 

which a human sends commands to a computer and the computer sends signals to the 

human computer user. 

GUI (graphic-user-interface). A human-computer interface where command 

options are represented graphically as icons and lists (menus). Use of a GUI is 

characterized by the user recognizing and selecting these symbols instead of recalling and 

typing discrete command names or sequences (Hannafm & Peck, 1988; Cole & 

Odenwald, 1990; Nielsen & Mack, 1994). 

HCI/Human-computer Interaction. In the process of manipulating a computer to 

perform some task, human computer interaction (HCI) includes both sending signals to 

the computer and perceiving and interpreting feedback from the computer. 

Leamability/Leamable. In terms of this research, leamability is intended to 

describe the ease with which a computer user can leam to use a software application 

without special training or direct instmction. 

Novice Computer User. In terms of this study, a novice computer user is defined 

as a person with semantic, and perhaps process knowledge of a task but without specific 

computer application knowledge of that task (Shneiderman, 1992). 

PLSS. (Passive-Learning-Support-System) A human-computer interface system 

where each object in the interface is designed to permit a novice user to interpret its 

purpose using current knowledge and past experiences as a guide. A successful PLSS is 

considered to be one that allows a novice computer user to apply their current knowledge 

and experience to complete a computer based task and facilitate learning and 

understanding of task specific HCI processes. 
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Special instmction/Explicit instmction/Training. Instmctional situations 

organized by instmctional systems design models where a leaming need is identified, and 

activifies are planned and invoked to facilitate the achievement of specific skills and or 

knowledge. 

Task. A self-contained and non-repeating unit of job performance from start to a 

goal state. In terms of this study, a task may take the form of locating a single record in 

the research database. Note that a task may be decomposed into smaller components, 

such as, (a) read the record number from data sheet, (b) locate the field where record 

number must be entered, (c) position the cursor inside the appropriate field, (d) the task 

could be subdivided further. 

Summary 

Theories of leaming and instmctional design converge on the idea that leaming is 

most probable when a leamer is assisted in reconciling new information with existing 

knowledge (Dick & Carey, 1985; Ormrod, 1990; Gagne et al., 1992; von Glasersfeld, 

1995; Heinich, Molenda, Russell & Smaldino, 1996). Current instmctional design theory 

and practice provides this by requiring the instmctional designer or teacher to explicitly 

define the leaming audience's current skills and knowledge, and then devise a means to 

connect them with new skills and knowledge (Bmner, 1966; Polya, 1988; Ormrod, 1990; 

Gagne et al., 1992; Heinich et al., 1996). 

If an explicit definition of the audience cannot be performed or where the learning 

audience or context is different than planned, instmction may result in leamer confusion 

(Suchman, 1987) as described by the seminal computer question and Carroll's (1990) 

paradox of sense making. If leaming is to be successful in these situations, the instmctor 

is required to use his or her interpersonal skills to discover these aspects of the learner 
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and context and modify the instmctional design "on the fiy" (Gagne et al., 1992). This is 

effectively modeled by the office expert or peer tutor method of instmction where face-

to-face interaction is used by the office expert to discover and to address the needs of 

their "pupil" (Gery, 1991; Fitzgerald & Cater-Steel, 1995). 

In working situations, learning or updating computer skills is a regular and 

context-dependent need (Carroll, 1990; Gery, 1991; Fitzgerald & Cater-Steel, 1995) 

where leamer skills, knowledge and needs are not easily predictable (Gery, 1991) and 

formal instmctional design models may not be appropriate. In these situations, peer 

tutoring is often the most effective method of instmction (Gery, 1991; Fitzgerald & 

Cater-Steel, 1995). However, despite its effectiveness, this instmctional methodology 

has drawbacks that make it administratively unacceptable (Gery, 1991; Fitzgerald & 

Cater-Steel, 1995). Existing methods of instmctional design are often inappropriate for 

learning computer skills and knowledge, and appropriate means of instmction are often 

unacceptable for the environment in which the instmctional need exists (Carroll, 1990; 

Gery, 1991; Fitzgerald & Cater-Steel, 1995). A new method of designing and 

implementing computer instmction is clearly needed, one that reaches a fair compromise 

between methods of instmctional design and those used by the "office-expert." 

A science of design (Simon, 1984) is concemed with choosing the best 

alternatives toward solving some problem or fulfilling some need. Design solutions must 

consider both an inner environment (Simon, 1984) comprised by the "well-defined" 

(Simon, 1984) aspects of a problem, and an outer environment (Simon, 1984), which, as 

framed by this research, is characterized by the indexical and reflexive nature of 

"practical actions" (Garfinkel, 1967; Suchman, 1987) that influence a computer user's 

ability to perform everyday work. It appears that modem design practices fulfill the 

requirements of designing for an inner environment, but fail in accommodating the outer 
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environment of the computer user. Social science's "ethnomethodology" and "symbolic 

interaction" research methods may be used to discover aspects of the outer environment 

(Garfinkel, 1967; Goffman, 1967, 1972a, 1972b; Blumer, 1969; 1972; Heritage, 1984; 

Livingston, 1987; Hilbert, 1992). A more successful "satisficed" (Simon, 1984) solution 

for computer leaming may be reached by replacing current computer training systems 

with human-computer interface designs that include both inner and outer environments of 

a computer leamer. 
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CHAPTER II 

BACKGROUND LFFERATURE 

Theoretical Basis for Designing "Leamability" 
into a Human -Computer Interface 

The current practice of designing human-computer interfaces is dominated by the 

concept of "usability" (Hix & Hartson, 1992; Nielsen & Mack, 1994; Rubin, 1994). As 

described above, this study concems itself with a different concept called leamability. 

The concept of leamability is embedded within the definition of usability (Nielsen & 

Mack, 1994; Rubin, 1994) but factors germane to leamability have not received the same 

level of attention either from practitioners or researchers studying human-computer 

interaction and human-computer interface design. This chapter contains a review of 

related literature that argues for the need of this new concept and offers theoretical and 

empirical evidence in support of this study's means for investigating it. I begin by 

describing relevant components of the practice and theory of design in a general context. 

The chapter then discusses current theory and practice of instmctional design and how it 

is ill suited to the current interest of designing leamable software interfaces. I then draw 

from empirical research in social science research methodology and in leaming and 

human development to induce a new methodology that may be used to inform the design, 

implementation and assessment of "leamable" human-to-computer interface designs. 

Components in a "Science" of Design 

Simon's (1984) inner and outer environments establish a rough framework for 

describing the function and context of use for man-made artifacts. By applying his 

hypothetical science of design (Simon, 1984) to these components, he permits an analysis 

of design from both purely functional and more contextual aspects. Simon's inner 
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environment (1984) is described by the purely functional aspects of a design. In contrast, 

Simon's outer environment (1984) is concemed with the suitability of a design to its 

environment and users. To Simon (1984), the inner addresses utilitarian and mechanical 

components of a design and the outer addresses the way a design interfaces with its 

context and environment and the needs and expectations of its users. Simon (1984) 

suggests that by fitting the inner and outer aspects of a design to what is needed and 

expected by its users, a good, but "satisficed" design will be achieved. This same 

philosophical dualism is also presented by the industrial designer George Nelson (1965) 

in his seminal text on designing artifacts for people. 

Components of Successful Instmctional Communications 

In Toward a Theory of Instruction, Bmner (1966) presents and refines the idea 

that successful instmctional designs vary along three characteristics related to their 

delivery medium, (a) mode of representation, (b) economy and (c) power. Each of these 

characteristics may be used to classify the manner in which instmctional material is 

communicated to leamers. 

Mode of representation is the way in which instmction is presented. Bmner 

(1966) shares with the developmental psychologist L. S. Vygotsky (1986) three modes of 

representation, (a) enactive or presentational (Langer, 1977), (b) iconic or nondiscursive 

and (c) symbolic or discursive. These same concepts are contained in "Dale's cone of 

learning" (Heinich et al., 1996). Using an example drawn from highway symbols, (a) a 

highway worker waving an orange flag embodies an enactive symbol, (b) a diamond 

shaped sign bearing the simplified image of a worker digging provides an iconic mode of 

representation and (c) a diamond shaped "men working" sign is discursive in nature. 
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Bmner (1966) and Vygotsky (1986) imply that each of these modes is better suited to 

particular groups of learners based on individual characteristics. 

Economy is characterized by how compactly a mode of representation 

communicates data. For example, while all three modes of representation may accurately 

signal that workers are on the job, the discursive sign is uniquely economical and precise 

in transmitting its message. Iconic and enactive modes of representation are known to be 

less precise and may be interpreted to have other potential meanings (Barthes, 1977; 

Pierce, 1985; Horton, 1991, 1994; Heinich et al., 1996). 

With increased economy however, a leamer is required to possess more 

specialized knowledge for interpreting, manipulating and using abstracted symbols. 

Bmner (1966) refers to this specialized knowledge as power. To Bmner (1966), a more 

powerful leamer is able to interpret and use several modes of representation and take 

advantage of their various attributes. Bmner's (1966) taxonomy is therefore also a way of 

classifying a learner's way of understanding. Gardner's seven intelligences (1983) 

suggest a similar classifying scheme. 

Bmner (1966) uses psychological theories of human development and leaming to 

inform his theory of instmction. By relying on these dimensions of leamers, he implicitly 

implores that an instmctional design model must accommodate a leamer's inner 

characteristics when used for planning leaming environments and activities. However, he 

is also aware of elements similar to Simon's (1984) "outer" factors because he writes that 

the success of a leaming situation will vary according to its ability to accommodate 

contexts delineated by a variety of factors, including the leamer's current loiowledge and 

skills, stage of development, nature of the material (to be leamed), and individual 

differences between members of the group (Bmner, 1966, p. 49). 
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Of these individual differences, Bmner (1966) suggests that a learner's prior 

knowledge and skills may permit him or her to perceive and interpret a given mode of 

representation more easily than another. For example, time spent in the activities of 

carpentry or cooking may have supplied a person with concrete experience using 

fractional units of measure. As a result of such experiences, a leamer may be more 

capable of understanding the symbolic representations of 1/2, 1/4, 0.5 and 0.25 instead of 

relying exclusively on enactive demonstrations or iconic representations of the same 

concepts. Thus, prior experience can facilitate the use of a more economical and 

potentially more powerful mode of representation. 

Bmner's taxonomy offers an instmctional designer the ability to both classify 

leamers and to select instructional media appropriate to a given audience of leamers. 

However, the practice of instmctional design forwards a methodology that is thought to 

remain constant across learners of varying abilities and characteristics. Instmctional 

design attempts to apply a single "systems approach" (Heinich et al., 1996) to all 

instmctional problems with the goal of providing objective methods of delivering and 

evaluating leaming, regardless of individual learner differences. 

A Poor Fit Between Traditional Models of Instmctional Design 
and the Need to Design "Leamable" Computer Software 

Rubin's definition of usability includes a reference that ease of leaming should be 

assessed following "some predetermined amount and period of training" (1994, p. 19). 

His assertion that training in software use is necessary is at odds with the purpose of this 

study, to design software that may be leamed without training. While not stating so 

outright, Rubin's (1994) assertion suggests that theories of instmctional design may be 

included into the process of HCI design to help improve the leamability of 

microcomputer software. 
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However, instmctional system design (ISD) theories follow a "systems" approach 

where each step in the instmctional process and subsequent evaluations may be explicitly 

and objectively planned a priori (Dick & Carey, 1985; Gagne et al., 1992; Heinich et al., 

1996). Carroll (1984, 1990, 1992) asserts, however, that this approach to human-

computer interface design is inappropriate for some types of computer skills because of 

their contextual nature. His main criticism is rooted in the assertion that conventional 

ISD oriented computer training material assumes and forwards some predefined best way 

to perform some task. Systems-type instmctional design theory implies that by 

controlling a situation, one is more likely to achieve a known result. Thus by controlling 

an instmctional situation, the leaming outcomes are objective and predictable. 

In criticizing the use of this type of instmctional design for computer skills, 

Carroll draws upon his empirical research showing that computer users may not follow 

any specific instmctional sequence, even when one is imposed by instmctional materials 

(1990). Instead, Carroll champions the design methodology of industrial designer Henry 

Dreyfuss who "routinely went out into the world to experience the situations he was 

trying to alter through design" (1990, p. 90). He lauds Dreyfuss' way of approaching 

design problems saying that such an "involved" practice enabled him to avoid a situation 

similar to ISD where even "experienced instructional designers often have trouble 

anticipating where leamers will have difficulties" (p. 92). Carroll sums this philosophy 

by saying, "with some idea of what leamer's are doing, or trying to do, and why, we have 

the chance to address more effectively the problem of designing equipment and 

instmction to help them" (p. 77). 

Suchman (1987) shares this criticism in her assertion that leaming and 

accomplishing tasks on a computer is an action "situated" in its context As a result, she 

admits that while a priori plans describe how a process may be accomplished in a general 
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sense, the actual accomplishment of any process is "tied in essential way not to individual 

predisposition's or conventional mles, but to local interaction contingent on the actor's 

particular circumstances" (pp. 27-28). 

Thus Suchman (1987) shares with Carroll (1990) the notion that learning to 

perform acts using a computer is an activity informed as much by contextual and "outer" 

factors as by procedural or "inner" factors. These create an argument that any means of 

instmcting or assisting persons in how to accomplish tasks on a computer must 

necessarily include some knowledge of both how a task may be completed and how that 

task fits into the leamer's way of perceiving the task; how it "fits" into its contextual 

situation. Since conventional systems-based theories of instmctional design do not 

accommodate such "situated" factors, an altemative means of presenting instmctional 

material is necessary. 

Other Means to Incorporate Design and Instmctional Theories 
Toward the Creation of "Leamable" Computer-Interface Designs 

Cool (1993) contributes a three-part typology that permits a designer to identify 

both the common inner characteristics of leamers while more completely defining their 

unique outer characteristics. With this typology. Cool (1993) allows a designer to closely 

identify "outer" factors including what mode of presentation, economy and power 

(Bmner, 1966) may be suited to a given computer user. 

Cool's (1993) typology requires a designer to identify and account for three 

characteristics of a computer user, (a) stereotypical demographic information, (b) past 

experiences of a computer user, and (c) his or her perception and understanding of the 

task to be accomplished using a computer. Bmner's (1966) and Simon's (1984) theories 

fail to fully accommodate Cool's (1993) three-part typology by omitting demographic 
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information and the perceptions and interpretations of the leamer. Instead they limit their 

focus to prior knowledge, skills and experiences of leamers. 

Fulfillment of Cool's (1993) three elements permits the software designer to 

identify an individual leamer's personal perceptions and interpretations in the process of 

providing the designer with a better understanding of the leamer's current way of doing 

things. Carroll (1990) indicates that "With some idea of what leamers are doing, or 

trying to do, and why, we have the chance to address more effectively the problem of 

designing equipment and instmction to help them" (p. 77). In a similar way, when a 

designer uses Cool's typology to identify factors germane to Carroll's, she theorized that 

the resulting computer interface design would require a shorter and shallower leaming 

curve and that acceptance and use of the software would increase. Such a notion 

approaches the leaming component of Nielsen and Mack's definition of usability (1994, 

p. 3). 

This notion is also supported by von Papstein and Frese's (1988) field study of the 

behavior of 29 engineers leaming new microcomputer software. In their study, they 

concluded that the following aspects played a role in facilitating the transfer of skills from 

training to the real work situation: (a) the work tasks and trainees' understanding of the 

applicability of the software to the task, (b) personal (skill and knowledge) parameters, 

and (c) the organizational context in which the work tasks are embedded (von Papstein & 

Frese's, 1988, p. 55). In her research Cool (1993) similarly concludes that when software 

failed to account for her three design criteria, it was found to be more cumbersome to 

leam and was less likely to be accepted or used (Cool, 1993). Carroll's "paradox of sense 

making" adds to this assertion by saying that "learner problems follow from a 

fundamental mismatch between the instmctional design and the leamer's orientation to 

the instmction" (1990, p. 77). Similarly, when a software's interface design does not 
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account for factors related to the learner's way of perceiving and interpreting the task and 

its context, it is likely that he or she will find it more cumbersome to leam how to use in 

that task and its context. Thus, a computer interface designer should focus beyond 

performance environments described by cognitive science, psychology and instmctional 

design (Card, Moran & Newell, 1983; Dick & Carey, 1985; Gagne et al., 1992; Heinich 

et al., 1996) and also attend to the personal and "outer" parameters delineated by a 

computer user's individual perception and understanding of the tasks to be accomplished 

on a computer, and the context of those tasks. The result appears concordant with the 

criticisms and recommendations of instmctional and interface design forwarded by both 

Carroll (1984, 1990, 1992) and Suchman (1987, 1995). As will be shown however, 

current research and practice in designing human-computer interfaces frequently diverge 

from these recommendations. 

Current Practice and Research in Designing for a Leamable Interface 

Practical disagreements of what "leamable" means. In the discipline of HCI 

design, the concept of leamability appears to be attached to the abstract concept of 

usability (Shneiderman, 1992; Hix & Hartson, 1993; Nielsen & Mack, 1994; Rubin, 

1994). Within the mbric of usability however, the concept of leamability is defined 

differently by several authors. To Nielsen and Mack, usability is how easy [a software 

application] is for users to leam a system, how efficiently they can use it once they have 

leamed it and how pleasant it is to use (1994, p. 3). Rubin indicates that leamability has 

to do with the user's ability to operate the system to some defined level of competence 

after some predetermined amount and period of training (1994, p. 19). 

Nielsen and Mack's (1994) inclusion of the concept of leamability is difficult to 

assess-no objective outcomes are stated or implied to assist a software designer, analyst 
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or researcher in knowing when leaming has occurred. In contrast, Rubin's (1994) 

definition strikes closer to traditional instmctional systems design (ISD) models in its 

assertion that leaming outcomes should be observable and objectively determined (Dick 

& Carey, 1985; Gagne et al., 1992; Heinich et al., 1996). 

Although these definitions are accepted representations of the concept of usability 

and leamability in the current practice of HCI design, they differ substantially from each 

other and from the definition used in this study. In particular, Rubin (1994) interprets 

leamability as easy-to-remember-once-taught as opposed to easy-to-leam-without-

special-instruction, as it is operationalized in this study. Also, when measured against 

ISD practice implicit in Rubin's (1994) definition, the nature of training is not defined, 

leading to an uncontrolled and perhaps uncontrollable variable confounding any 

assessment of how "leamable" an interface design actually is. 

What attributes of an interface design contribute to "leamability?" In the interest 

of creating usable software, Gould and Lewis (1985) suggest that HCI design needs to 

maintain a focus on the users of the computer system throughout the design process. 

They recommend that this focus come from studying computer user's cognitive, 

behavioral, anthropometric (human factors), and attitudinal characteristics, and in part by 

studying the nature of the work expected to be accomplished (p. 300). Their design 

process also suggests empirical measurements of users' actions with prototype software 

developed from this initial focus. Finally, Gould and Lewis (1985) recommend that these 

two phases continue iteratively throughout the software development process to gradually 

refine the software. Gould and Lewis' (1985) conception of usability approaches what 

Cool (1993) and Carroll (1990) call for in creating software interfaces and software that 

are easier to leam how to use. Therefore, instead of usability, this definition is instead an 

early attempt at establishing what this research operationalizes as leamability. 
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In keeping with this idea, Gould and Lewis' (1985) recommendations follow 

traditional ISD theory and many of Cool's (1993) and Carroll's (1990) assertions in 

which an analysis of leamers, task analysis and needs analysis, and formative evaluations 

of interim solutions inform the design of an human-computer interface-bound 

instmctional system (Dick & Carey, 1985; Gagne et al., 1992; Heinich et al., 1996). 

However, Gould and Lewis' (1985) survey of actual software designers indicated that 

84% of their 447 respondents did not spontaneously identify any of these processes as 

necessary components in the software design process. Once these items were mentioned 

by the researchers however, their status was almost universally identified as necessary, 

and as a "commonsense" addition to the software design process. 

By identifying them as commonsense criteria for design, these microcomputer 

software designers showed an emergent awareness of the importance of user-centered 

design (UCD) techniques (Rubin, 1994) and of the value of instmctional design practices 

in the process of software development toward this emerging concept of leamability. 

However because of a software designer's inability to spontaneously identify them in the 

context of software design, Gould and Lewis (1985) maintain that these necessary design 

components are typically not implemented in the actual practice of software and interface 

design and development. Gould and Lewis (1985) identify the problem as a difference in 

understanding between how engineers define usability (e.g., mechanical functionality) 

and the definition suggested by Gould and Lewis (1985, p. 300) (e.g., easy to remember). 

Early attempts at implementing "leamable" software. In the second half of their 

report, Gould and Lewis (1985) describe a research project that utilized their 

recommended design focus. However, while they express that any system designed for 

people to use should be easy to leam (p. 300), their example displays that their 

operational definition of easy to leam is limited to the use of mnemonic codes in a 

35 



telephone answering system (T = talk, S = send, etc.). Despite their easy to leam slogan, 

this system appears to limit itself to factors more typical of Simon's (1984) inner 

environment bounded in part by the cognitive limitations of a computer user's memory. 

In so doing, it emphasizes Gould and Lewis' parenthetical clause of easy to remember (p. 

300) in lieu of easy to leam. 

Similarly, Walker and Olson (1988) report what they characterize as an easy to 

learn mnemonic control system for text-editing software (a text-editor is a primitive word 

processor commonly used in electronic-mail, or EMAIL systems). In their design, they 

devised a system for creating keybindings that may be used to invoke various text-editing 

functions. For example, if the Alt key were made to represent all text deletion functions, 

the keybinding Alt-B-W is made to represent delete back a word. 

As suggested in Rubin (1994), users of this system must first be taught the 

keybindings. Thus, it appears that Walker and Olson's (1988) design may also be better 

characterized as one that creates a computer system that may be easy-to-remember-once-

taught. A system similar to that described by Walker and Olson (1988) is used on the 

Texas Tech University's PINE E-mail system to create, for example, the keybinding 

Control-K to kill (delete) the line on which the cursor is positioned. However, as Alt 

must be attached to the delete command in Walker and Olson's (1988) work, kill must 

also be taught to the user as being a synonym of delete. Thus, in both Walker and Olson 

(1988) and Gould and Lewis (1985) the term leamability may be better understood to 

mean easy-to-remember-once-taught. Additionally, without describing a method for 

teaching someone to use these systems however, the notion of leamability stated by these 

researchers is not well defined. As noted above in the example of a common database 

software, this is not unique to early software design and research. The same problem of 

leamability appears to continue in modem software design theory and practice. 
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Incorporating Computer User's Indexical and Reflexive Acts 
Into the Design of a Computer Interface 

Good, Whiteside, Wixon and Jones (1984) attempted a design methodology that 

more closely renders Cool's (1993) and Carroll's (1990) design recommendations. They 

accomplished this by incorporating a computer user's indexical phrases and reflexive acts 

into the design of a computer interface. This is done in part by complying with the 

recommendation to employ actual users in the evaluation of design prototypes (Gould & 

Lewis, 1985; Hix & Hartson, 1993). 

In their design method. Good et al. (1984) watched users of an E-mail system and 

made note of their common actions and errors. They then updated the software's set of 

commands until it was able to accept and use the words and phrases that naive users most 

commonly entered in their attempts to use the software. In so doing, the software was 

evolved until it matched relevant parts of the user's indexical (Garfinkel, 1967; Coulon, 

1995) or synchronic speech (Wittgenstein, 1958) and preferred modes of representation 

(Bmner, 1966). For example, if the E-mail system required a user to invoke the 

command TRANSMIT to post a message, but the user tried to SEND it, the system was 

modified to accept both command options (TRANSMIT and SEND) as synonyms. By 

following the user's attempts as a guide. Good et al. gradually incorporated the user's 

own way of understanding into the system. Their analysis of results drawn from the 

study showed that if the command set was quickly updated, users were able to approach 

76% success with the system within one hour of beginning to use it. 

However, Good et al. (1984) also cautioned that many of the study participants 

were found to input commands that copied the style of error or other messages displayed 

on the computer screen. They hypothesized that users were apparentiy using onscreen 

messages as a model for how their own commands should be stmctured. This evidence 
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suggests that despite the software designer's intent, leamers accommodated the computer 

system's design into their own concept of the task, instead of the design accommodating 

its users. 

While the design methodology of Good et al. (1984) was successful in permitting 

users to leam software quickly, it required that programmers be retained to constantly re-

engineer the software and incorporate necessary changes "on the fly." For this reason, it 

is perhaps a less efficient design methodology than if appropriate synonyms were 

identified before software engineering was begun. As Simon (1984) argues, the tradeoff 

between successful results and cost of the process can substantially effect the potential for 

a methodology actually being used. Therefore, a more efficient method of design than 

that described by Good et al. (1984) may be necessary to increase the likelihood that it 

will be utilized to assist in the creation of leamable software. 

Transfer of Knowledge When Leaming New Software 

In a study that inspected the use and leaming of "command verbs" in computer 

software, AUwood and Wikstrom (1986) conducted a study of four experienced computer 

users as they leamed unfamiliar spreadsheet or database software. Their study was 

designed to inspect how computer users use vendor supplied training documentation to 

assist them in self-study and independent use of unfamiliar software. Using the talk 

aloud protocol (Ericsson & Simon, 1980) and audio and video tape machines, the 

researchers recorded all user activity and difficulties as they attempted to leam unfamiliar 

software through self study of vendor supplied manuals, and researcher developed tests. 

Analysis of user difficulties indicated that research participants commonly 

attempted to transpose commands from familiar computer software, or made repetitive 

use of a "low level" command when a more powerful version of that command was 
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available. Their conclusions indicated that neither the software nor the vendor supplied 

documentation was effective in enunciating appropriate commands. Other frequent 

difficulties resulted from a misinterpretation of the meaning of a known command, or by 

the user not knowing the meaning of terms used in the documentation or software. More 

errors occurred as a result of a user not seeing or comprehending an error or alert message 

displayed on the computer screen by the software. These cases reveal that the software 

designers did not attend to an appropriate mode of representation (Bmner, 1966) or to the 

computer user's perception and understanding of the task (Carroll, 1990; Cool, 1993). 

Of interest in Allwood and Wikstrom's (1986) research, is the observation that 

participants spontaneously created analogies between the unfamiliar software and other, 

more familiar software or methods of performing the same task. Allwood and Wikstrom 

noted that these self-generated analogies frequently resulted in a person successfully 

completing a task or sub-component of a task, albeit inefficiently. This suggests that if 

the software were designed to support or encourage the use of prior knowledge, it would 

assist users in being able to make relevant analogies and likely result in successful use of 

the software. The viability of analogies as leaming aids in computer-assisted instmction 

(CAI) have recently been suggested by Lin (1993). Furthermore, Allwood and Wikstrom 

(1986) indicate that the research participants who were the most diligent in following the 

vendor supplied training materials were also the most successful in objective "command 

recall" tests at the conclusion of the study. This supports the idea that "even when a good 

deal of effort [is put] into making [computer] programs user-friendly" (p. 224) the 

resulting software still requires specially prepared documentation or other support to 

assist the leaming process. 

In a field study of 29 engineers learning engineering software applications, von 

Papstein and Frese (1988) concluded that the following aspects play a role in transferring 
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skills from training to the real work situation: "(a) the work tasks and trainees' 

understanding of the applicability of the software to the task, (b) person parameters, and 

(c) the organizational context in which the work tasks are embedded" (p. 55). While 

these words are similar to Cool's (1993) three-part typology, they are aimed at the 

development of training programs in the use of software, instead of the design of software 

itself They do not investigate the possibility that if software was designed to include 

these considerations, special training may not be necessary. This study investigates such 

a possibility. 

Proposed Methods for Designing a Leamable Interface 

Methods for fulfilling Cool's. Carroll's and Suchman's design recommendations. 

In her studies of computer supported work, Suchman (1987, 1995) agrees in principle 

with both Cool (1993) and Carroll (1990) that computer interfaces should be designed to 

consider the notion that "with some idea of what leamer's are doing, or trying to do, and 

why, we have the chance to address more effectively the problem of designing equipment 

and instmction to help them" (Carroll, 1990, p. 77). Along with this agreement, she 

contributes a research methodology to assist software interface designers and researchers 

in identifying factors of a computer user's "outer environment" to meet this goal. 

Naturalistic research methods in human-computer interaction design. Suchman 

calls her research program an "anthropology of work" (Suchman, 1995). In pursuit of 

this, she works to uncover not only what her research participants do, but also their 

underlying interpretations of their jobs and reasons for accomplishing their work in the 

"way" that they do. She refers to her research technique as ethnomethodology-a search 

for why people do what they do, and the reasons they have for making decisions as they 

do. Other researchers involved in the study of computer supported work correlate 
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ethnomethodology with Cool's (1993) preferred "symbolic interaction" perspective 

insofar as each attempts to elicit data to help describe the (a) "symbols" that persons 

respond to in the course of (b) deciding how they should behave in context bound 

situations (Hughes, King, Rodden & Andersen, 1994; Hughes, King, Randall & Sharrock, 

1995). 

Theoretical Bases of Symbolic Interaction and Ethnomethodology 

Symbolic interaction. Symbolic interaction is based on a fundamental 

methodological disagreement with the "mainstream sociological enterprise" where 

objective methods are believed to be a useful tool for establishing an underlying pattern 

of human social behavior (Parsons, 1951; Hilbert, 1992). Instead, symbolic interaction 

maintains that social "interaction is defined as an order which is sui generis, not simply a 

vehicle for the manifestation by the sovereign and deep stmctures of society" (Rock, 

1979, p. 186). The result is a portrayal of human behavior as a stream of events whose 

course is a function of a person's perception and interpretation of him- or herself and of 

all previous events (Mead, 1934). A working definition of symbolic interaction describes 

it as a means where human behavior is grounded in the ongoing perception and 

interpretation of one's surroundings (Hughes, King, Randall & Sharrock, 1995). These 

notions are consistent with the interface design criticisms and recommendations 

forwarded by Cool (1993), Carroll (1990) and Suchman (1987). Specifically, Suchman's 

concept of "situated action" asserts that a priori plans are only invoked when a person is 

unable to derive a course of action based on his or her context, perceived goals and 

surroundings. In the case of computer software, this idea suggests that people prefer to 

leam by doing, rather than by following some set of instmctions or decontextualized 

tutorial examples. Training or tutorial materials are utilized only as "a last resort," or 
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"when all else fails." Carroll's (1984, 1990) research supports this idea and provides 

empirical proof that people faced with leaming a computer program will opt for trial and 

error or exploration type activities even when training materials are provided. Carroll's 

research also shows that leamer errors often result from misinterpreted icons, commands 

or error messages in the human-computer interface (1984, 1990). This observation is 

consistent with symbolic interaction theories that people base their actions on perceptions 

and interpretations. 

With these perceptions and interpretations, a person attempts to synchronize his or 

her behaviors to match evolving perceptions of the situation. For example, upon entering 

a crowded room, we will read our surroundings and the room's inhabitants to guide our 

own behavior. Nothing in the situation tells us how to act, but we sense appropriate 

behavior through the perception and interpretation of symbols implicit in the situation. 

Misinterpretation of these symbols can lead to social faux pas or unintentional insult to 

ourselves or others. 

Other scholars argue that symbolic interaction also has utility in describing 

interactions between human and nonhuman objects (Mead, 1934; Inoue, 1980; Cohen, 

1989, 1993; Cool, 1993). The anthropologist George H. Mead, originator of American 

pragmatic sociology and the concepts underlying symbolic interaction, states that 

"interactions can occur between persons and objects implicated in the social act whose 

roles we can take but which cannot in tum take our roles" (Mead, 1934, p. xxii). Cool 

(1993) and Newby (1989) similarly argue that the definition of symbolic interaction may 

be extended to include human-to-computer interaction, and particularly to database 

activities involving information search and retrieval. In terms of this research, symbolic 

interaction is a theoretical perspective asserting that the work related behaviors and 
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interactive practices of the research participants are situated in how they perceive the 

context of their work and the persons and inanimate "objects" with which they work. 

Goffman (1972b) notes that some set of regulations exist that govem social 

interactions. He suggests that these regulations apply in a manner similar to that of 

syntax in a written language. Others have characterized the use of computers as an 

interaction (Apple, 1987; Card, Moran & Newell, 1983; Laurel, 1990; Shneiderman, 

1992; Nielsen & Mack, 1994) and have labeled it human-to-computer interaction (HCI) 

or computer-to-human interaction (CHI). 

To paraphrase Goffman (1972b, p. xiii), interaction focuses on the ground mles 

and the associated orderings that pertain to a mutually agreed upon language. Elements 

in Goffman's interactive language are concordant with symbols that the interactants 

perceive, interpret and base subsequent actions on. Cool's (1993) symbolic interaction 

focus suggests that the development of easy-to-leam computer interfaces must account 

for (a) how people perceive the context of computer-supported work and identify 

important symbols in that activity, (b) how they interpret these symbols in the context of 

that activity and (c) how they use these symbols as cues to later actions and to determine 

what is (and is not) possible and what can (and cannot) be done as a part of that activity. 

These elements situate this study's aims as an appropriate application of symbolic 

interaction. The second and third components of Cool's (1993) topology also suggest 

that another theoretical framework will benefit the design of an easy to leam computer 

interface. This additional theory base is called ethnomethodology. 

Ethnomethodology. Symbolic interaction seeks to identify the important symbols 

that subsequentiy effect how an individual acts in a specific situation Ethnomethodology 

embodies a related social science research perspective that aims to help a researcher to 

develop a deeper understanding of how these symbols are perceived, interpreted and 
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acted upon as "methods" underpinning the accomplishment of everyday, mundane acts 

(Garfinkel, 1967; Livingston, 1987; Hilbert, 1992; Coulon, 1995; Hughes, King, Randall 

& Sharrock, 1995). The hoped for result of ethnomethodological inquiry is an 

understanding of how individuals account for and accommodate changes in context while 

still working toward accomphshing a goal (Zimmerman, 1974; Suchman, 1987; Coulon, 

1995). 

As a research perspective, ethnomethodology emerged from a philosophical 

disagreement (similar to that held by symbolic interaction) with the Parsonian belief that 

"norms" of social behavioral can be derived from a set of theoretical axioms (Parsons, 

1951; Garfinkel, 1967; Hilbert, 1992; Coulon, 1995). Garfmkel's program of 

ethnomethodological research calls for a respecification of sociology away from attempts 

to define a common social order and to instead focus on the methods ordinary people use 

in their "accomplishment" of mundane acts in the real world (Garfinkel, 1967; Hilbert, 

1992). Under ethnomethodological dogma, human behavior is believed to be situation, or 

context dependent (Suchman, 1987). With this, ethnomethodology shuns any premise of 

generalizability of its findings in favor of a solely descriptive focus on how individuals 

perceive, interpret and act to create microcosms of the "life world" (Garfinkel, 1967; 

Livingston, 1987; Coulon, 1995; Hughes, King, Randall & Sharrock, 1995). 

Perhaps because of this intense focus and belief in the situated nature of human 

behavior, ethnomethodology has been selected as an appropriate tool for studying 

context-bound microcosms in workplace social interactions (Suchman, 1987; 1995; 

Allison & Duncan, 1988; Hughes, King, Randall & Sharrock, 1995). This research 

shares such an interest in the context-bound behaviors and methods of its research 

participants. In terms of this research, the discovery of "methods" practiced by the 
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research participants may be used to help inform the design of a computer interface that 

fits within these work practices. 

Hughes, King, Rodden and Andersen (1994) admit that they were guided by 

symbolic interaction and ethnomethodological methods in their study and redesign of the 

London air-traffic control (LATC) system. In this redesign, the researchers first 

performed a sociological study of the air-traffic control system, including the computer 

system, air-traffic controllers and the resulting "man-machine" mix. Their theoretical 

focus allowed them to identify significant "symbols" within the air-traffic control job that 

led human air-traffic controllers and their assistants to develop ethnomethods toward 

accomplishing this job. Hughes et al. (1994) concluded that these methods contributed to 

the overall safety of the LATC system. 

Prior to Hughes et al. (1994) work, proposed optimizations to the LATC computer 

system recommended that many of the "manual" methods practiced by workers should be 

eliminated and become embedded in software controls. Conclusions from their 

sociological analyses showed that these engineering optimizations would have 

detrimental effects on the safety of the whole system. Based on these recommendations, 

proposed optimizations to the LATC computer system that eliminated manual 

components of the job were canceled. However, Hughes et al. (1994) were able to 

identify other components of the air-traffic control job that could be "optimized" safely. 

Through a detailed ethnographic analysis of the contexts and symbols extant in 

the LATC system, these researchers were able to redesign the work environment and 

software to protect embedded ethnomethodological processes. These analyses also 

identified weak points in the existing system that could safely be redesigned. As a result, 

Hughes et al. (1994) improved the system while maintaining aspects of the "old way" that 

contributed to the overall performance of the system. 
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Hughes et al. (1994) were able to use symbolic interaction and 

ethnomethodological theory to assist in researching and redesigning a human-computer 

system. The thesis of this research similariy contends that discovery of contextual, 

symbolic and ethnomethodological data in a workplace and its human workers are 

important in the design of leamable human-computer interfaces. For this reason and 

because theories of symbolic interaction and ethnomethodology have been successfully 

used by researchers in human-computer interface design and redesign efforts, they are 

believed to be appropriate to the purposes of this study. 

Extracting Naturalistic Data 

Both symbolic interaction and ethnomethodology borrow data collection methods 

from the naturalistic research method of ethnography (Garfinkel, 1967; Coulon, 1995; 

Hughes, King, Randall & Sharrock, 1995). Foremost among these data collection 

methods is participant observation (Hughes, King, Randall & Sharrock, 1995) in which 

the researcher enters the research venue and involves himself or herself in the daily 

operations of that venue. In some instances of participant observation, the researcher 

poses as a colleague of the research participants in order to actually experience the venue 

as do its genuine inhabitants. Some researchers choose not to disclose their true identity 

to their research participants with the idea that their presence may elicit ingenuine 

behavior (Garfinkel, 1967; Livingston, 1987). In other instances, the researcher is more 

open with the tmth (Hughes, King, Rodden & Andersen, 1994; Hughes, King, Randall & 

Sharrock, 1995; Suchman, 1995). Other researchers simply observe and interview with 

their participants to collect data that is then analyzed to extract their perceptions and 

interpretations of actions surrounding the ongoing "accomplishment" of everyday reality 

(Garfinkel, 1967; Suchman, 1987; 1995; Coulon, 1995). 
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Bridging the Gap 

There is a gap between findings of research in computer interface design, noted 

above and the aims of this research-to create an interface for computer software that 

permits a user to leam how to use it without requiring extra training or instmction. 

Research from Cool (1993), Can-oil (1990) and Suchman (1987) suggests that by 

incorporating elements of a computer user's "outer" environment into the design of 

computer interfaces, the computer user may be able to leam how to use the software 

without explicit training or instmction. The type of data to be discovered suggests that 

naturalistic research methods will be useful in determining salient elements of these 

"outer" environments. Additionally, instmctional theories provide guidance in how 

"outer" environments may be designed into computer interfaces to provide for a leamable 

human-computer interface. 

Implementing "Leamability" as Instmctional Communications Using Design 
Recommendations Discovered During Naturalistic Investigation of a Workplace 

Natural language is an all but universal means for communicating needs, wishes 

and desires between humans (Vygotsky, 1978). It is also commonly employed to permit 

humans to similarly interact with computers. The study of linguistics has contributed 

theory toward refining and developing a code for the use of discursive symbols used in 

human interaction (Chomsky, 1977). A leamable computer interface therefore, must also 

incorporate theories of communication, language and linguistics in its design. 

In practice however, the use of natural language in a human-computer interface is 

frequently focused on relatively technical data processing issues, ignoring the 

organizational context in which the use takes place (Hellman, 1989, p. 417). Context is a 

factor enabling a person to appropriately perceive and interpret an event or interaction 
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(Goffman, 1967; 1972a; 1972b; Vygotsky, 1986; Goodnow & Warton, 1992; Harre & 

Gillett, 1994). However, context is not alone in permitting this to occur. Theorists 

instead believe that it is the blending of both context and culture (or society) that frames 

the possibilities for interpretation of language and interaction (Mead, 1934, 1935; 

Goffman, 1967, 1972a, 1972b; Vygotsky, 1986; Goodnow & Warton, 1992; Cool, 1993; 

Harre & Gillett, 1994). Therefore, theories of social and cultural communication and 

interaction may also inform the design of a leamable computer interface. 

Language Development and the Use of Language 

In keeping with Goffman's (1972b) characterization of interaction as a language, 

a leamable computer interface may be designed following existing theories of human 

language and language development. In two of these theories, language development 

traverses through three stages paralleling Bmner's (1966) modes of representation, 

including nondiscursive, enactive (Bmner, 1966) or gesture, pictorial and iconic 

(Gardner, 1983; Bmner, 1966), finally advancing to discursive systems of communication 

including symbolic language (Bmner, 1966; Vygotsky, 1978; Gardner, 1983). Modehng 

a computer interface after these theories of language leaming and use may facilitate the 

dynamic leaming of the computer interface as a language of interaction. 

Nondiscursive semiotics. By definition nondiscursive communication is typified 

by its use of nonverbal or iconic symbol sets (Foss, 1989). Winiecki and Ahern (1994) 

created a three-part model of icons that are based on Pierce's (1985) taxonomy of icon, 

index and symbol and Barthes' (1977) system of decomposition and analysis where each 

component contributes synergistically to an icon's meaning. 

To Pierce (1985), an icon is defined by its similarity to a real life object. For 

example, a small picture of a computer printer may be used to represent a print this 
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document command (Figure 2.1a). An index is created by some physical or psycho

motor connection to another object, for example an arrow pointing to an iconic file folder, 

representing the command save this file into a file folder (Figure 2. lb). The relationship 

between arrow and icon creates an index on the button. 

Pierce's (1985) symbol is classified by some socially assigned connection 

between semiotic and meaning. In a computer interface, such a symbol would be 

embodied in a label or description accompanying the nondiscursive components of an 

icon. 

(a) (b) 

Figure 2.1. Pierce-ian icon, index and symbol in computer interface icons: (a) 
icon and (b) icon and index. 

In Barthes' (1977) method of analysis, the same conclusion can be reached using 

his literal, cultural and linguistic components. Barthes components are roughly 

analogous to Pierce's icon, index and symbol. Altemately, in Saussure's (1959) signifier-

signified lexicon, each of Barthes' and Pierce's components contributes as primary 

signifier items that are then interpreted together as the completed signified. 

Where discursive communication is linear in composition, iconic and other 

nondiscursive forms of communication are not. As argued by Langer (1977) and Barthes 

(1977) a nondiscursive or presentational communication cannot be analyzed and 
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interpreted along one axis, as a sentence is read. Instead, it must be absorbed in gestalt 

and interpreted contextually as its components relate and interrelate. Priority of attention 

in an icon may be expressed using variations in color, size and visual density (Horton, 

1994) of each component in the icon. However, even rigorous attention to these theories, 

may not result in an easily interpretable symbol, especially in two-dimensional icons 

common to modem graphic user interfaces (GUIs) (Bloomberg, Karlan & Lloyd, 1990; 

Byme, 1993). Thus it would appear that the inclusion of a discursive label or description 

(Horton, 1994) is necessary to attach the icons to a contextual meaning related to the 

computer users past experience and their computer related task. Additionally, the Sapir-

Whorf hypothesis (Kay & Kempton, 1983) and ethnomethodological theory (Suchman, 

1987; Tumer, 1988) implies that the stmcture of language establishes cognitive and 

contextual boundaries for a person's understanding and action. Thus, by matching a 

computer interface icon's label to a person's present perception and interpretation of a 

concept or action, even an obscure iconic symbol may be made more interpretable. 

Discursive language. Vygotsky (1986) sees the genesis of learning discursive 

communication as an imitative process; a parent teaches words and word meanings to a 

child by pronouncing the word and showing the object that the word symbolizes. A 

computer could similarly represent commands by combining single word descriptors with 

an icon. This technique is used in existing software as "tool tips" (Microsoft, 1994b) and 

is recommended by professional technical communicators (Horton, 1991, 1994). 

However, such a single-word-to-icon pairing may only serve as a method of 

identifying an icon's name or purpose instead of providing a description of its intended 

use. For this reason, discursive language in a computer interface designed for leamability 

may be most successfully presented by combining iconic symbols with a verbose 

description of each controls (button, menu, etc.) purpose and application. Additionally, 

50 



the use of an icon-and-verbose-label symbol set is supported by human-information-

processing (HIP) theories based on association (Ormrod, 1990), where a symbol becomes 

associated with a discrete meaning so that eventually the symbol becomes a cue to the 

attached meaning. 

Gardner (1983) focuses more on biological factors affecting language leaming, 

tracing medical research evidence that the human brain supports two forms of speech and 

language, iconic and alphabetic. Gardner refers to these as kanji and kana after the 

Japanese terms for their symbolic and syllabic alphabets. From this concept of language 

development, Gardner (1983) theorizes that language learning may be supported by using 

both forms simultaneously. Gardner (1983) also makes the observation that, like right-

handedness or left-handedness, individuals are usually bom with an affinity for one or the 

other. Supplying both would appear to increase the interpretability offered by an icon. 

Building Multiple Modes of Representation into a Computer Interface 

To support the idea that both nondiscursive and discursive semiotics should be 

incorporated into a computer interface, and to take advantage of Gardner's (1983) idea 

that one form of language may support the other, the icons shown in Figure 2.1a and 2.1b 

above, may be modified as shown in Figure 2.2, below. 
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Figure 2.2. Combined nondiscursive and discursive versions of Figure 2.1 
icons. 
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Bringing the Outside Environment into a Computer Interface 

While a combination of a nondiscursive and discursive language in a computer 

interface may more fully represent the modes of representation (Bmner, 1966) available, 

there are still shortcomings in each mode that are not fully cured by their combination. 

Research has shown that nondiscursive semiotics are most understandable when they 

represent concrete objects (Bloomberg, Karlan & Lloyd, 1990; Byme, 1993; Horton, 

1994). Abstract concepts are difficult to depict, even when supported by theories of 

stmctural semiotics (Barthes, 1977; Pierce, 1985). Evidence suggests that even the 

addition of designer specified labels (Figure 2.2) is not always successful in clarifying the 

full meaning (Horton, 1994) of a semiotic. Therefore, as recommended by Cool (1993) 

and as demonstrated in Good, Whiteside, Wixon and Jones (1984), user perceptions and 

understandings of computer tasks must still be discovered and incorporated into both the 

nondiscursive and discursive components of the computer interface. By incorporating the 

user's own perceptions and understandings of the work environment, context and specific 

tasks to be accomplished, into a computer interface, it will more closely parallel the 

user's preferred mode of representation and economy, and enable them to be more 

powerful (Bmner, 1966) in interpreting and leaming how to use the software through the 

computer interface. 

Evaluating "Leamability" 

The techniques described above explicate theories and methods believed to 

support the design of leamable computer interfaces. However, leamability still requires 

empirical evaluation to test if it has been achieved or not. Learning has been defined as 

the "acquisition of a pattern of behavior over time" (Ormrod, 1990). Alternatively, 
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Ormrod (1990) provides a cognitivistic definition of leaming as "a relatively permanent 

change in mental associations due to experience" (p. 6). Current theories and methods of 

instmctional design maintain close control of both instmctional and testing situations 

(Dick & Carey, 1985; Gagne et al., 1992; Heinich et al., 1996). Under these controls, the 

assessment of successful leaming is typically achieved through objective testing in 

situations disassociated from a genuine context in which the learned knowledge or skill 

will be used (Dick & Carey, 1985; Gagne et al., 1992; Heinich et al., 1996). 

To a constmctivist, leaming is an accomplishment that occurs in both formal, 

school-like settings and in informal, everyday settings (von Glasersfeld, 1995). In 

schools, leaming is a focal activity "backed up" by the provision of supportive methods, 

media and materials (Heinich, Molenda, Russell & Smaldino, 1996). However, in 

practical situations, learning occurs as a side-effect of activity itself (Vygotsky, 1978; 

Brown et al., 1989; Carroll, 1990; von Glasersfeld, 1995). 

Unlike school leaming, in everyday practical situations leaming is measured by a 

person's performance in genuine contexts (Carroll, 1984, 1990, 1992; Suchman, 1987; 

1995; von Papstein & Frese, 1988; Brown, Collins & Duguid, 1989; Geis & Smith, 1990; 

Gery, 1991; Compeau, Olfman, Sein & Webster, 1995; Fitzgerald & Cater-Steel, 1995). 

Therefore, the success of a design methodology for producing computer interfaces that 

are easy-to-leam-to-use must necessarily evaluate the success of learning the software in 

its actual context of use. Therefore, assessment of leaming may be best undertaken in 

situ, while leamers are actually in the process of using software designed to be easy to 

learn without direct instmction. In the sections that follow, I describe existing 

methodologies for collecting and analyzing data that can be used to assert leamability in a 

human-computer interface. 
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Verbal protocol. In addition to classic sociological approaches to data collection, 

practitioners of human-computer interface research have utilized another method of 

collecting data relative to the process of using microcomputer software. Ericsson and 

Simon (1980) researched the use of a data collection method called the verbal protocol. 

During a verbal protocol session, the researcher asks the research participant to simply 

talk aloud as he or she works through a piece of software. In so doing, the research 

participant reports on his or her process level experiences including ease, difficulties and 

his or her perceptions and interpretations of the software and how it is used. 

Ericsson and Simon (1980) indicate that this "concurrent reporting" of 

information is more desirable than interviews or other "subsequent reporting" methods in 

that the research participant tells the researcher what is currentiy happening. Ericsson 

and Simon's (1980) comparison of verbal protocols with subsequent reporting methods 

showed that research participants often omitted or "embellished" subsequent reports of 

events as they were remembered instead of as they actually happened. 

Lewis (1982) concludes similarly that verbal protocol, or "thinking-aloud" 

methods of data collection are very useful in the collection of data toward the evaluation 

of human-computer interfaces. Lewis agrees with Ericsson and Simon (1980) in an 

assertion that a research participant can report "process level" experiences and events as 

they occur. Lewis (1982) contends that this methodology is valuable in several ways. 

First, that reports include all process level information and second that these data 

comprise a serial stream of events. Lewis (1982) sees the latter of these as most valuable 

in that it permits the researcher to discover items that help to explain "why" things 

occurred in the way reported. For example, small misinterpretations of command names 

may begin a "chain of events" that lead to a subsequent error or event that the research 
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participant cannot reconcile. Verbal protocol or "thinking-aloud" data collection methods 

will capture such sequences while subsequent reporting methods may not. 

However, Lewis (1982) indicates that although research participants rapidly "get 

used to" a researcher's presence during verbal protocol sessions they may act more 

slowly, carefully and thoughtfully than they would in a non-research setting (the 

Hawthom or "John Henry" effect). As a result, verbal protocol data may be more 

"purified" than unobserved human-computer interactions. Because of this, Lewis (1982) 

recommends that verbal protocol methods not be used in final "usability" testing when 

speed of user actions are under study. However, he recommends their use in formative or 

design data collection duties. 

For the purposes of this study, verbal protocol data collection methods will be 

used in phase 3 to collect leamability data so it may be analyzed to assess leamability. 

Leamability is assessed relative to awareness contexts (Glaser & Strauss, 1972), 

automaticity with the research software (Ericsson & Simon, 1980; Ormrod, 1990) and 

anti-flow (Allison & Duncan, 1988) or anomie (Hilbert, 1992). In combination, these 

methods have been used to assess the leamability of the research software during phase 3 

of the study. Chapters IV and V report the conclusions of these data collections and 

analyses. 

Awareness. Glaser and Strauss' (1972) taxonomy of awareness contexts contains 

four levels: open, suspicion, closed and pretense. Open awareness implies a full and 

"open" understanding of one's surroundings. Suspicion awareness indicates that a person 

suspects an understanding, or has developed what scientists call a "working hypothesis" 

(Simon, 1984). A closed awareness indicates that a person does not understand his or her 

surroundings. The fourth level, pretense awareness, is not germane to this study. 
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The methodological benefits of Glaser and Strauss (1972) taxonomy do not come 

from the participant's awareness in human-computer interactions. Instead, they are 

realized when it becomes possible to recognize that a person has moved from one context 

to another. In terms of this research a shift from closed or suspicion awareness to an open 

awareness will be understood as a signal that a participant has begun to understand, thus 

has leamed how to use the software in performing her work. A shift toward suspicion or 

closed awareness will conversely be taken to indicate that a participant has become 

confused, thus has not successfully leamed how to use the software. 

Automaticity. Ormrod (1990) indicates that automaticity is reached when a skill 

or piece of knowledge is overleamed to the point where it "occurs with little or no 

conscious attention or effort and requires little short-term memory capacity" (p. 280). An 

experienced driver operates his or her vehicle with automaticity when shifting gears, 

maintaining position in a driving lane or accelerating or braking the car. Leamed skills or 

knowledge become increasingly automatic with exercise or practice. The benefit is that 

once some process has been learned to automaticity, the cognitive energy and short-term 

memory formerly expended during learning of the process are freed for other more 

demanding processes. 

Ericsson and Simon (1980) indicate that verbal protocols may elicit data that 

disclose this achievement of automaticity. Because the verbal protocol process gathers 

data that are currently in the reporter's short term memory it provides the researcher with 

a record of what events or things were under the conscious control or interest of the 

reporter. Ericsson and Simon (1980) assert that as a research participant gains experience 

with some process he or she will likely begin to report it with decreasing frequency. 

When the research participant subsequently ceases to include this event in his or her 

verbal protocol, it no longer requires the investment of short-term memory to perform. 
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As a result, Ericsson and Simon (1980) indicate that with the cessation of verbal protocol 

reporting of some event, it has been leamed to automaticity. 

Anti-flow and anomie. Csikszentmihalyi's psychological constmct of "flow" has 

been described as an equitable compromise between ability (skill) and challenge 

(difficulty) (Csikszentmihalyi & Csikszentmihalyi, 1994). When these elements are 

balanced, Csikszentmihalyi indicates that a person can experience a "channel" in which a 

task appears almost effortless. However, when difficulty and skill are mismatched, a 

person may experience anxiety, disorientation or boredom. Allison and Duncan (1988) 

term this state "anti-flow." 

It may be expected that individuals will experience small episodes of anti-flow as 

they began to use unfamiliar software. With experience however, it may also be expected 

that with increased experience they will leam how to use software in a way that allows 

the avoidance of anti-flow. In terms of this research a decrease or absence of anti-flow is 

associated with evidence that a computer user is leaming how to use software to perform 

job related tasks. 

In extreme cases of anti-flow, anomie (Hilbert, 1992) may be seen to occur. 

Durkheim's social concept of anomie implies an absence of social order that prevents 

social actors from behaving in accord with normative social order (Hilbert, 1992). 

Anomie suggests that an individual must be able to recognize some familiar or "normal" 

situation before they can act comfortably within this order. Phase 1 data analyses served 

in part to define "normal" behavior of the research participants within the scope of this 

study (what behavioral research in human leaming refers to as "baseline" behavior). 

Using phase 1 data as a snapshot of normal activity, evidence of anti-flow or anomie-like 

behavior during phase 3 would imply that a research participant could not learn to use the 

research software in terms of her work. In fact, symptoms of anomie-like behavior were 
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observed in two of the research participants during phase 3. However, data analyses 

suggested that the research software was not an important factor. Chapters IV and V 

describe these episodes and their repercussions in greater detail. 

Ormrod (1990) provides a cognitivistic definition of leaming as "a relatively 

permanent change in mental associations due to experience" (p. 6). A change in 

awareness from a closed or suspicion state to an open state (Glaser & Strauss, 1972) and 

and/or lack of anti-flow (Allison & Duncan, 1988) or anomie (Hilbert, 1992) may 

similarly imply that a change in mental association has occurred. Therefore, for the 

purposes of this research, movement to an open awareness context and/or lack of anti-

flow and anomie-like behavior is taken to indicate that a person has leamed or is learning 

how to use unfamiliar software. 

Stochastic analyses. Ormrod similarly provides a behavioral definition of 

leaming as "a relatively permanent change in behavior due to experience" (1990, p. 6). 

To evaluate leaming using this definition it is necessary to analyze leaming over time or 

as a person gains experience with a software application. Communication researchers 

have developed a sequential analysis methodology for recording and analyzing human 

interaction behavior as a function of events over time (Hewes, 1980; Gottman & Roy, 

1992). In sequential analysis methodology a series of events may be analyzed for 

pattems of regularity. In this research, behavior of each of the research participants may 

be recorded as sequence of events to track use of the research software over time. 

Hewes (1980) asserts that stochastic analyses are more appropriate than other 

statistical methods when the goal is to describe human behavior over time. His 

contention is rooted in the intuitive notion that human behavior is not a direct cause-

effect series of actions. As a result Hewes suggests that stochastic models may be used to 

record and analyze sequences of behaviors that "chain together" to form a collective 
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"cause" or subsequent "effect" in a given situation. Hewes (1980) further emphasizes 

that stochastic models are more tolerant of unpredictable factors that "confound" 

parametric statistical methodologies. Because the thesis of this research contends that 

human action and leaming of a microcomputer software is effected by contextual factors 

that may not be known a priori, stochastic methods are a "good fit" toward determining if 

the research participants "leam" a pattem of interaction in using the research software 

over time. Chapter EI explicates the means with which this study will evaluate 

leamability using the methods and constmcts described above. 

Summary 

Currently, methods for designing a human-computer interface rely on cognitive 

science and psychological theories of the inner characteristics of a computer user (Card, 

Moran & Newell, 1983; Shneiderman, 1992; Hix & Hartson, 1993). By using these 

design guidelines, and the resulting HCI standards (Apple, 1987; Microsoft, 1992) 

software is thought to be more usable (Shneiderman, 1992; Hix & Hartson, 1993; Nielsen 

& Mack, 1994; Rubin, 1994). However, these usable interfaces still require that the 

computer user be explicitly trained in their use (Rubin, 1994). The goal of a leamable 

computer interface is to eliminate this need for special training. 

In their 374-page textbook on Developing User Interfaces Hix and Hartson (1993) 

borrow from Shneiderman (1992) and list ease of leaming first among five attributes of 

usability. However, neither Hix and Hartson (1993) nor Shneiderman (1992) reference 

learning nor ease of leaming in their indexes or table-of-contents in any context other 

than leaming how to design interfaces. These authors and their work reflect what is 

apparently a commonly held belief that a computer interface designed to be easy to use is 
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automatically easy to leam how to use. Evidence presented above indicates that this 

assumption may not be true. 

Thus, it would appear that while usability is a common goal it more typically 

refers to how easy software is to use after it is taught, or on its compliance with 

established guidelines or standards (Apple, 1987; Laurel, 1990; Microsoft, 1992; Nielsen 

& Mack, 1994), than to how easy it is to leam. Development of a methodology for 

contributing to the design of leamable software therefore remains necessary. 

The researchers and design practitioners included above appear well grounded in 

their ability to theoretically and experimentally validate their statements of usability and 

to delineate steps toward the development of easy-to-use-software. However, because 

they (a) require some amount of training, but do not define the nature of this training, (b) 

fail to include modem theories of leaming or instmction in a definition of leamability, (c) 

provide only a post hoc methodology for improving the system, (d) violate principles of 

instmction by not attending to a leamer's mode of representation (Bmner, 1966; 

Vygotsky, 1978; Gardner, 1983) in the design process, or (e) describe leamability for the 

wrong population (designers of the software, instead of the users of the software), they 

are unable to make substantive statements about the development of easy to leam 

software. There appears to be little or no theoretical or practical work being done at 

present towards the development of a theory and practice for the design and evaluation of 

leamable microcomputer software. In contrast, the existing literature reflects an interest 

in refining the attributes of designing that create or improve the easy to remember and 

easy to use nature of computer interface designs (Lewis & Mack, 1982; Wright & Bason, 

1982; Card, Moran & Newell, 1983; Landauer, Galotti & Hartwell, 1983; Carroll, 1984, 

1990; Gould & Lewis, 1985; von Papstein & Frese, 1988; Walker & Olson, 1988; Can-oil 

& Campbell, 1989; Guastello, Traut & Korienek, 1989; Hellman, 1989; Baxter & Oatiey, 
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1990; Bloomberg, Karlan & Lloyd, 1990; Gery, Laurel, 1990; 1991; Kacmar & Carey, 

1991; Shneideraian, 1992; Suh & Jenkins, 1992; Tognazzini, 1992; Byme, 1993; Cool, 

1993; Hix & Hartson, 1993; Horton, 1994; Nielsen & Mack, 1994; Rettig, 1994; Rubin, 

1994; Carroll & Rosson, 1995; Fitzgerald & Cater-Steel, 1995; Nelson, Whitener & 

Philcox, 1995). 

Toward the development of a leamable computer interface, it is possible to adapt 

concepts and theories of social science in terms of human to human communication and 

interaction. Both natural language and graphical or iconic symbols are common means 

for humans to communicate and interact with one another. For this reason, they are also 

logical methods for representing commands and feedback in human-computer interaction. 

However, even the combination of these two communication modes may not guarantee 

that a computer user will fully understand the purpose of a symbol in a computer 

interface. Therefore it remains necessary to incorporate elements of a computer user's 

own perceptions and understanding of the tasks to be performed using the computer, into 

a computer interface. 

Finally, definitions of leaming are offered against which the leamability of 

computer software may be based. The following chapter explicates how the existing 

body of research and design practice was implemented toward the design and 

conductance of this study, and how the resulting data were analyzed toward answering 

the research questions. 
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CHAPTER m 

METHODOLOGY 

This chapter describes the design of the smdy. Because the research question 

indicates that both qualitative and quantitative methods will be used in the study, 

attributes of each methodology are specified in terms of the needs and goals of the 

inquiry. This chapter also describes the research site and participants, and how unique 

aspects of these factors are of interest to the study. Instmmentation in the form of 

computer software and hardware is also outlined in this chapter. Also, each phase of the 

project is described, as are details of data collection and analysis procedures. Finally, 

means for ensuring the integrity of the study's conclusions are argued. 

Unforeseen Occurrences 

No matter how well planned, qualitative research has to be flexible enough to 

permit the researcher to modify or to re-select research tools and methods as warranted to 

follow-up surprises (Miles & Huberman, 1994, p. 270) or accommodate unforeseen 

implementation problems (Lincoln & Guba, 1986, p. 284). This chapter begins to 

describe one such change that had a definite effect on the study. Fortunately the result 

was serendipitous, revealing an aspect of "leamability" that the thesis implies but does 

not explicitiy predict. Chapter IV describes this "breaching" in more detail. 

Combined Methodologies 

In terms of this study, leaming and "leamability" are appraised using both 

qualitative and quantitative means (Cook & Campbell, 1979; Erickson & Wentling, 1988; 

Gottman & Roy, 1990; Fitzgerald & Cater-Steel, 1995). The use of dual methodologies 
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is intended to discover if the use of philosophically contrasting research methodologies 

may provide mutual support toward answering the study's questions. 

Research suggests that leaming or performing any task is influenced by indexical 

and reflexive factors unique to their context (Garfinkel, 1967; Coulon, 1995; Suchman, 

1987). Indexicality and reflexivity are qualitative concepts created by a person's 

perception and interpretation of a situation (Garfinkel, 1967; Coulon, 1995; Suchman, 

1987). The thesis of this study contends that computer software may be made more 

"leamable" to a computer user if hints or reminders relevant to the computer user's task 

domain are incorporated into the design of a software's interface. 

Discovery and analysis of a person's indexical and reflexive perceptions and 

interpretations has traditionally been performed using qualitative methods of data 

collection and analysis (Garfinkel, 1967; Goffman, 1967; 1972a; 1972b; Black & 

Metzger, 1969; Blumer, 1969; 1972; Suchman, 1987; 1995; Coulon, 1995). Use of these 

methods requires analytical tools suited to the condensation of discursive data into 

analyzable information (Miles & Huberman, 1994). The way in which qualitative 

analyses are used to argue leamability is described in more detail below. 

While perceptions and interpretations are consistently indexical and reflexive and 

therefore qualitative, learning has more traditionally been defined as the "acquisition of a 

pattem of behavior over time" (Ormrod, 1990). Therefore, assessing leaming may also 

be performed by recording user behavior over time and quantitatively analyzing it for 

statistically significant pattems (Cook & Campbell, 1979; Erickson & Wentiing, 1988; 

Gottman & Roy, 1990; LeFever, 1990). The means by which quantitative data are used 

to assess learning is described in more detail below. 

63 



T ,:,-*<k. 

The Site 

Selection and Entry to the Site 

Because this research focuses on leaming computer skills in a non-classroom 

setting, it was necessary for me to locate an environment where (a) people were faced 

with leaming or updating their computer skills and where (b) direct training or instmction 

would not be provided to help teach new or updated skills. 

A site was found in an administrative office of a college of education in a 

university in the southwestem United States. The work environment of this office and its 

workers has recentiy been switched from stand-alone microcomputers, paper-based files 

and remote access to the university's mainframe computer, to having desktop 

microcomputers and software linked to and "served" by a Local-Area-Network (LAN). 

The administrator in this office, the office workers and I have been professional 

acquaintances for three years prior to this study. In that time I have assisted each of them 

with their computer related problems on an informal and ad-hoc basis. Through that time 

I have become known by these people and tmsted as "computer-guy." That tmst has 

been tacitly expressed and recognized by the office staff giving me the nickname "whiz." 

In the year prior to this study I attended a staff meeting where an interest was 

expressed by several faculty and staff members that the college prepare a student 

database. The purpose of this database was to satisfy both administrative and academic 

recordkeeping needs. 

I approached this office's administrator with a verbal proposal for developing a 

limited prototype of this database. The purposes of my prototype would be to test both 

the viability of this database for the college's needs and to serve as the "strawman" for 

my dissertation study toward the design of more "leamable" software. I was given a 

verbal approval for this study and told by the office's associate dean that I would be 

64 



supported fully in my design, development and research efforts. The immediate and 

global support expressed and subsequentiy given by all participants in this study are 

extremely unusual in field-based research. All parties involved freely donated their time 

to the conduct of this study. 

The Participants 

Sketch of Participants and their Job Duties 

In total, this office is composed of five staff members and their supervisor, an 

Associate Dean in the college. Four individual office workers have focal roles in the 

study, Terry, Lucy, Helen and Jean. All names used in reference to research participants 

are pseudonyms. 

The two functions of this office of interest to the study are (a) to administer the 

college's undergraduate, transfer student and post-baccalaureate students into teacher 

certification programs, and (b) provide academic guidance counseling to undergraduate 

and post baccalaureate students enrolled in or seeking to enroll in this college. This 

office has many other functions, but they are not of focal interest to this study. 

The transition of data processing tasks from independent microcomputers and 

paper files to a LAN-based database management system introduced a small but authentic 

problem for these workers: transferring their knowledge and understanding of a. familiar 

way of doing their jobs, to a new way of performing the same jobs with different tools. 

In effect, the task skills had to be updated or releamed by the research participants. The 

stage was set for these workers to leam a new computer system, one that was imposed 

from the college's administration with the goal, as described by this office's supervisor, 

to "help us do more things with our limited staff" 
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Except for the office's supervisor, all staff members of this office are adult 

women ranging in age from near 30 to near 50. As of the beginning of this study, the 

research participants have worked in their present jobs for periods ranging from one year 

to over five years. Three of the four participants have accumulated nearly 30 years of 

work experience in various offices in this university, including this college. 

All of the research participants describe working as a financial necessity to assist 

their families. The university maintains a pay-scale policy that awards "higher grade" 

workers with greater pay. Consequentiy, each worker has "shopped" within the 

university for jobs with progressively higher grades and concomitant higher wages. For 

this reason, and similar to the participants in Allison and Duncan's (1988) study, it may 

be argued that the research participants have financial remuneration as a primary work 

motive. However, after a brief reference to salary during informal interviews, 

participants independently echoed a universal "helping" or "we are a family" theme as a 

significant motivation in daily job performance. This is also similar to conclusions 

reached by Allison and Duncan (1988) in their study of work conditions effecting female 

workers. 

Participants' computer experience. The research participants share similar 

computer training experiences. Two of the participants have received professional 

computer training from local business or secretarial schools. However, in the words of 

one participant these experiences were offered "...using really old software and I didn't 

like [using the software], so I didn't do the homework. I was glad when that class was 

over with." Similar experiences were expressed by the other participant who had 

received professional computer training. 

Two participants had not received any formal instruction in computer use prior to 

a 12 hour seminar-type short course delivered by two graduate students at this college. 

66 



r^r 

This training session was delivered one year before this study was conducted and covered 

the use of computer software applications accessible from the new file server and was 

attended by all participants in this study. Because I was one of the designers and 

deliverers of this seminar, I can attest that it suffered from many of the shortcomings of 

seminar-type instmction described in Chapters I and n. 

Currently, each participant uses several of these application software packages in 

her individual job duties. However, none of the study's participants has used the 

prototype software central to this study. As noted, this office's supervisor has sanctioned 

this study. Additionally, each participant has read and signed a statement attesting to her 

knowledge of the research and authorizing their participation in it (Appendix B). 

Terry 

Terry is the administrative assistant to the Associate Dean in charge of this office. 

She acts under his direct supervision and spends much of each day responding to his and 

departmental ad hoc needs. When she is "caught up" on her work, Terry will 

occasionally "float" from office to office in an effort to assist her co-workers. When 

there are no pending crises, she will occasionally pull a paperback novel from her hand 

bag and read at her desk. However, as I observed on many occasions she will frequently 

be engaged in the office's waiting area by a student seeking assistance. On these 

occasions, she was observed to perform a quick "triage" assessment of the student's 

needs and if possible to begin responding to the student's questions. Otherwise, she 

would direct the student to the proper office-occasionally picking up the phone to get 

answers from what she described as the grapevine or "soft network" of the university's 

administrative support staff 
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Terry has worked in several different locations at this university and is in her 

fourth year in this office. Her job history includes office management positions in 

municipal government offices throughout the city in which she lives. Wherever she has 

worked, including her present post, Terry has found her niche as a support person to 

upper level management or supervisory personnel, in her own words often taking the role 

of "splatter pan" to mop up "messy situations." 

Terry characterized the computer as a tool she uses to better serve both student 

and her boss's needs. She has become skilled at performing certain rote tasks using her 

microcomputer and the university's mainframe computer in the course of her normal 

duties. However, she neither owns a home computer, nor spends any substantial amount 

of work time leaming how to make better use of her office computer. When unsure of 

how to perform some computer assisted task, she prefers to ask a colleague, me or other 

persons serving as ad-hoc computer support staff for help. While she is a competent 

computer operator she acts independently only when, as she describes, she is confident 

that "things won't mess up" or when a mistake will not have a negative effect on either 

her co-workers or a student. 

While it is not one of her official duties, Terry is occasionally called upon to assist 

student advisors in handling "overflows" of students needing academic counseling on 

class and scheduling matters. Although she readily accepts this responsibility, she openly 

admits her lack of expertise, both to myself in interview situations and to the students she 

serves. When questioned, Terry describes her strategy as one where she tries to show 

students how to "help themselves" ostensibly by demonstrating the use of printed course 

listings and catalogs to plan and select appropriate courses. Beyond this however, I 

watched on several occasions when she interviewed each student in what appears to be a 

triage effort to discover their likes, dislikes, and academic strengths and weaknesses. She 
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then used these data and experience gained from observing her professional colleagues to 

propose curricular suggestions for each student. When questioned about this, Terry 

referred to her own experience and explained how she leamed "the hard way, that 

everyone has to look out for themselves. It's just that some of these kids don't know 

how—so I try to show them." 

However, on occasions when a student was unsure or resistant to following her 

lead, I observed Terry to take a "model 11" (Schon, 1984) approach where she at first 

strongly emphasized how the proffered schedule was a good solution. If the resistance 

continued, Terry simply backed off, in a "model 1" (Schon, 1984) manner. When I 

questioned her about this, she described her philosophy that these students were "adults, 

and they can make their own decisions. I just try to show them what I know is a good 

way." Despite this she described how many students, initially resistant to her 

"advisement," would retum semester after semester to seek her counsel. She referred to 

these students as her "kids," and it appeared that however inadequate she felt as an 

academic advisor her empathy toward students found her always sought after to perform 

that role. 

Lucy 

Lucy's main job responsibility is to advise students as they progress through the 

college's many undergraduate and post-baccalaureate professional certification programs. 

Although her office is located in this college, all of her undergraduate advisees are 

enrolled in other colleges and work with Lucy only for the purposes of earning teacher 

certification. All of her post-baccalaureate students are similarly divided across many 

teaching specialization areas and Lucy is responsible for advising students in over 30 
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different teaching certification areas, each with distinctively different curricular 

requirements. 

Lucy is also responsible for much of the endless paperwork required for the 

college's teacher certification program. She appears to be a good match for this job and 

expresses an enjoyment of it because, in her own words "...there are so many little things 

to keep track of. No two days, or two people have the same questions or problems. I 

can't stand to do the same thing every day." Indeed, the many regulations and special 

conditions surrounding teacher certification require a special skill for juggling the 

minutiae of bureaucracy, one that Lucy obviously to take pride in doing. While a modest 

individual, she proudly confided to me that "when I started here, [they] told me that if I 

survived, I'd be leaming this job for two years... but I had it under control in two months! 

I even started doing extra reports that [my predecessor] never had time for!" Like Terry, 

Lucy has worked in several offices at this university. In describing one of them she 

boasted proudly how she "got bored one aftemoon and organized their whole library. I 

had that place better organized than it had ever been, or probably ever will be!" 

On first glance, Lucy could easily be described as a work-a-holic, but her vigor 

and excitement are not limited to her job. In interviews she excitedly related details of 

her children's and family's activities, often sharing anecdotes of "the strangest things" 

from home or her son's or daughter's school experiences. 

Lucy is also the most experienced at using a microcomputer and shows a genuine 

enjoyment at the challenge of working on several tasks at once, both with and without the 

computer. Lucy's experience with computers has been enhanced by having computer 

using children at home and a spouse who is a computer technician. She has adopted, or 

has been given the role of the office's "computer expert" and acts informally to answer 

large and small questions relative to both job and avocational use of computer software. 
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Despite her capabilities and obvious enjoyment and pride in solving other's and 

her own computer related questions, she is quick to seek assistance from the college's 

computer support staff or me when faced with certain problems. As with Terry, the genre 

of these questions typically regards the handling of student data. In her own words, "1 

don't want to do anything that may damage a student's current or future status. You 

never know how a computer screw-up may happen. And we've all had nightmares trying 

to straighten those out!" 

Unlike Terry, Lucy maintains strict office hours. Although she is quick to point 

out that her personal allegiance is to the students ("If it weren't for students I wouldn't be 

here"), when pressed by an impatient student she matter-of-factly explains that her 

administrative duties require many hours each week be spent behind closed doors to 

complete paperwork. During open office hours however, Lucy extends a demeanor that 

inspires confidence and easily diffuses the anger of the occasionally irate student. 

In advisement sessions, Lucy's strategy appears similar to Terry's where an 

impromptu interview is used to collect demographic and scholastic information. 

However, unlike Terry, Lucy's interview tactics seem not to end-an ongoing stream of 

questions is bantered during advisement sessions, where she was observed to "zero in" on 

the student's specific needs. As she describes her advisees, "sometimes they don't know 

what they want, or need, so I have to try to figure it out, and I've seen so many [students] 

that I can usually get on track pretty fast. No two students have the same specific 

problem, but [the problems are] similar, it's just that you have to know how to handle 

each student and their own fears and worries. Sometimes I know right away and 

sometimes it takes a few minutes to figure it out." 
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Helen 

Personally, Helen is a garmlous individual who likes to mingle with others and 

evangelize for the college. She has collaborated with others in the formation of a student 

organization to assist her in her job and other activities. Helen is also the senior staff 

member in the office, having over 15 years of experience working at this university. 

During that time she has seen and successfully adapted to the workaday use of computers. 

Although she appears to remain naive in her understanding of microcomputers she was in 

her own words, "the first person to ask for, and use a computer for my job [in this 

office]." Helen also has the responsibility of traveling to local high schools and colleges 

to recmit students into this college of education. She shares these trips with advisement 

counselors from other departments and divisions of the university and admits to having a 

close professional network with them. It was from this collegial network that Helen first 

leamed how microcomputers could be used in her job. 

Like Terry and Lucy, Helen is not very adventurous in her computer work, 

preferring to stick with time proven techniques. She is open to change but is perhaps the 

most "Missouri-an" of this office's staff-needing a tmsted peer to "show me" that a new 

software or new technique is better than her current practice. Frequentiy, she hears of 

such new techniques while on trips with peers in her professional network. Describing 

one such instance she said "I couldn't wait until [this office] got [that software] so I could 

use [that feature], it's made my life so much easier!" 

Helen spends a large amount of her time serving as an undergraduate advisement 

counselor to students enrolled in the college of education. On the surface, this 

responsibility is similar to Lucy's job. However, the population served is "narrower" in 

scope, accommodating only students enrolled in the college of education. 
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As a result of her recmiting and advisement duties for the college, Helen will 

frequentiy develop a rapport with students as she first meets them in senior high school or 

junior college while on a recmiting visit, and then as they progress through their 

university career. She described her philosophy and long-term advising strategy whereby 

she "holds their hands for the first year and then expects them to become more 

independent as they get to be upper-class students." However, when the need arises, 

Helen's advisement strategy shares with her colleagues a common "triage" technique. In 

describing how she does it, she replied "Well... you never know what they're interested in 

or what their problems are so you've just got to ask them some questions and try to start 

from there. Sometimes even they can't give you good answers so you've got to hunt a 

little more to help them." 

Jean 

Jean is the junior staff member and one of her responsibilities is serving on a 

committee that administrates undergraduate admissions into the college's teacher 

certification program. As part of this, she is responsible for processing all student 

applications for admission to the college. She also serves as the liaison between this and 

another office responsible for undergraduate and post-baccalaureate student teaching 

programs. Jean has worked in this office for only about a year but has eamed the 

reputation of being a persistent and conscientious worker. 

Jean has the most "formal" and up to date training in computer use and openly 

admits to liking to "work with them (computers)." She is also the most detached from 

student advisement duties, spending much of her time preparing mailings and 

maintaining computer databases of student applications and tracking the progress of 

enrolled students. 
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Jean appears to be a cautious experimenter in her computer interactions. During 

the study, the office's supervisor asked her if she could try to produce a small newsletter 

detailing the office's activities. She described to me how she had noticed new and 

unfamiliar software on the computer network and that she thought would be useful for the 

job. Her voice grew excited as she described the many small failures and successes 

experienced as she taught herself how to use it. Soon after, the first issue of this 

newsletter was printed and she gleefully showed me a copy. 

Two of these newsletters have been produced to date. Each edition exhibits an 

improvement in subjective design aesthetics. They also evidence "satisficed" (Simon, 

1984) design decisions and compromises. For example, although her software is capable 

of producing the multi-column layout of the newsletter, she chose to word process each 

article in a single column format and use scissors and glue to "paste up" the final master 

from which duplicates were made. This "for all practical purposes" (Garfinkel, 1967) or 

"satisficed" (Simon, 1984) way of approaching and solving problems demonstrates how 

she solves new problems with existing knowledge and also perhaps argues for more 

"leamable" desktop publishing software! As will be described in more detail below, Jean 

shows a similar ingenuity in solving other job related computer problems. 

Although the job of processing applications for admission to the college is a 

formalized procedure that requires a student achieve codified standards of grade point 

average and other scholastic qualities, Jean takes care in trying to "flag" students who 

may have marginal academic qualifications but other qualities that can boost their 

application to admissible status. When asked to describe some of these qualities she 

answered "It's not really a check-off kind of process, I just read their application essay, 

and look at their transcripts and try to see if they're someone that I'd like to have teach 

my kids." Jean looks at students through the eyes of a parent, not the eyes of an 
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administrator or office worker. Although she knows that she cannot make "the final 

decision" on a student's admission status, she appears to feel a "gatekeeper's" 

responsibility in her role as "Admissions Officer." 

Also, all staff members share in the job of answering phones, performing clerical 

duties and assisting undergraduate and post baccalaureate students who are directed to 

this office for information and preliminary advisement about its programs for teacher 

certification. These shared jobs do not directiy impact computer tasks. However, 

unobtrusive observations of the participant's performance of them was useful in 

collecting data relative to indexical and reflexive conditions common to this work 

environment and that the research participants use as indexical and reflexive criteria to 

help them "accomplish" their daily work (Garfinkel, 1967; Suchman, 1989; Coulon, 

1995). 

All of the participants in this study are very work-oriented in their use of 

computers on the job, and have demonstrated their ability to accept the occasional 

computer "crash." None of the research participants' describe herself as a computer 

hobbyist, and all (except Lucy) limit their computer activities to work related tasks. 

None of them exhibits any symptoms of computer anxiety as defined by Simonson and 

Thompson (1994). 

Other Office Workers 

The function of a fifth member in this office unit is as a hostess to visitors and a 

receptionist for incoming telephone calls. Although an important part of the office team, 

she is not engaged in duties germane to this study. This office also employs four, part-

time undergraduate work-study students. Their individual responsibilities vary from 
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temporary receptionist to computer and non-computer clerical duties. None of these 

work study students is responsible for data processing tasks of interest to this study. 

Everyday Chaos 

As I have observed, the many and varied responsibilities of this office 

occasionally result in turmoil as students come and go, each with individual questions 

and crises. Cmnch times are typically clustered around the beginning and end of a 

semester when students rush to enroll in classes or to inquire on the status of other 

college related matters. During these cmnch times the office takes on the atmosphere of a 

doctor's waiting room, with students and family members of all ages waiting to see a 

staff member for assistance. At these times, each staff member appears to act 

spontaneously to "triage" the gathering crowd of students, directing them to the most 

appropriate office or occasionally "treating" them on the spot. This "on the spot" 

diagnosis and treatment process frequently continues in each office as staff members 

delve deeper into individual student's questions. 

Limited Focus of the Study 

While each participant in this study has additional job responsibilities not 

described above, limiting my research focus to specific computer tasks and 

responsibilities enabled me to observe in greater detail the effects of this study's 

methodology for designing software. In addition, the study is further limited to software 

designed to support two computer-related tasks frequently engaged in by the research 

participants. 

1. Maintenance of data relevant to the administration of student applications for 

enrollment into the teacher certification program (Jean). 
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2. Accessing data to assist student advisement in teacher education and teacher 

certification programs (Terry, Lucy & Helen). 

The first task above is performed exclusively by Jean at two times during the year; once 

in September for spring semester entrance to the program and once in Febmary for fall 

entrance. The second task above is shared among Terry, Lucy and Helen. Although this 

job is formally the domain of Lucy and Helen, Terry is frequentiy asked to assist in these 

duties during hectic times. 

Instmmentation 

Computer Software 

The software prototypes whose design is the focus of this study took the form of a 

computer database management system (DBMS) used for the look-up and maintenance of 

student data. For this study, the research software was designed to operate independently 

on each research participant's office computer and access a common database located on 

the college-wide LAN file server. The software prototypes to be used in this research 

were designed and programmed using the Microsoft® VisualBASIC® version 3.0 

programming system with FarPoint Technologies' Aware/VBX'^^ (FarPoint, 1994a) and 

Tab/VBX™ (FarPoint, 1994b) add-in modules and the Microsoft® Access® version 2.0 

database management system for Windows©. 

Computer Hardware 

The prototype software was installed on each participant's office microcomputer 

for accessing the research software. Each participant's office is equipped with a single 

microcomputer of the following configuration, 

• 33MHz, 486DX IBM-compatible computer 
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8MB RAM 

• 15" SVGA color monitor 

• MS-DOS 6.n and Microsoft Windows for Workgroups v 3.11 shell. 

• Connected to a Microsoft® Windows NT v3.5«® computer file server via an 

ethemet network. 

Design of the Study 

A Three-Phase Study 

This research was conducted in three phases. Phase 1 is the design component of 

the study, phase 2 is the software development component, and phase 3 is composed of 

the deployment and descriptive analysis of the software's leamability (Figure 3.1). Data 

collection with participants was limited to phases 1 and 3. However, data analyses 

occurred in various forms throughout each phase of the inquiry. Below is a brief outline 

of the research phases. Following this outline, each phase is reviewed in more detail. 

Design Data 
Collection & 

Analysis 

Design & 
Development of 

Research Software 

Introduce Research 
Software into the 

Site. Describe 
Qualitatively & 
Quantitatively 

Figure 3.1. Three phases of the study. 

Phases of the study. Phase 1 of the study began during the Spring 1995 semester 

and lasted for a duration of seven weeks. Data were collected through "persistent" and 

unobtmsive observation of participants in their daily work and three, one-hour long 

interviews with each participant. 

78 

^ttt^ttm, 



Upon commencement of the study I introduced myself and the project to each 

participant. I identified the two functions of this project to them: (a) the creation of a 

prototype database management system accessible from the college-wide computer 

network, and (b) a project in which I may perform research to evaluate a new strategy for 

designing and assessing "easy-to-leam" microcomputer software. The participants were 

aware that this study was a component of my dissertation research. As described earlier, 

each participant had read and signed a statement granting permission to include them in 

this study (Appendix B). As phase 1 data were being collected, tape recorded interviews 

and observation field notes were written up and analyses of discursive data began. 

Phase 2 (software development) commenced immediately upon the completion of 

phase 1 data collection and analyses and continued until the software was fully 

programmed and ready for installation. A two-week testing period was undertaken at the 

completion of phase 2 to test and verify that the research software was reliable and 

operated properly for all research related functions. 

Phase 3 was composed of two contiguous parts: data collection independent of 

"leamability" assessments, and data analysis. Data collection began immediately upon 

deployment of the research software and both qualitative and quantitative data were 

collected. Phase 3 qualitative data collection was performed in a manner similar to Phase 

1, through three to five hours of observation and interviews with each participant as they 

used the research software. Phase 3 quantitative data were collected unobtrusively by the 

research software as the participants used it. A complete description of qualitative and 

quantitative data collection and analyses is included below. Phase 3 data analyses 

continued until all accumulated data were analyzed. 
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Leaving the Site 

When performing any type of field-based research, it is necessary to end the study 

gracefully. Referred to by Eisner (1992) as leaving the site clean, a researcher must 

ensure that the participants in the inquiry are able to resume their prior activities in a way 

unencumbered by remains of the research activities. 

While this was not an experimental study, its design and conductance effectively 

changed a small component of workday activity for each participant. Despite this they 

were able to continue in "normal" fashion for much of their daily work. Termination of 

field-work was marked by "exit interviews" with research participants. This closure 

mechanism was used to address participant's questions about the study and the software, 

and to "clean up" remaining questions that emerged from analyses of phase three data. 

Follow-up visits and member checks at the research site showed evidence that research 

participants were able to retum to "pre-research" functioning without difficulty. 

Phase 1 

Phase 1. verbal protocol. The verbal protocol method (Ericsson & Simon, 1980) 

was employed to assist in defining the inner environment (Simon, 1984) of research 

related tasks the participants currently perform. According to Simon (1984), an inner 

environment is composed of the well-defined components of a system. In terms of this 

research, the inner environment is delineated by codified procedures and tasks performed 

by the research participants. 

Using the verbal protocol method I asked each participant to talk through the 

process as she performed it, and to describe in her own words what she must do and think 

about during each step. Field notes were written up and audio tapes of each interview 
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were transcribed. These data were analyzed for the purpose of completing a task analysis 

(Gagne et al., 1992). 

Jean responded to my request by pulling out a 3-ring bound "Procedures Manual" 

she had prepared for herself She showed to me several pages of word processed 

instmctions she uses to guide her in completing each application for admission to the 

program. Her procedures manual served as the major data for delineating Jean's "inner 

environment" and for developing software to support her part in the study. 

Terry, Lucy and Helen found the verbal protocol task to be variously difficult and 

in one participant's words, "weird." Independentiy they agreed that the task of advising 

depends to a large extent on the individual student's needs. According to Helen, "It just 

depends on each student. Some know exactly what they want and those are easy. Other 

times a student doesn't even know for themselves what they need and you have to keep 

asking them questions until you find something you can work on." In fact during one 

advisement session I observed Helen to spend nearly thirty minutes diagnosing and 

addressing a student's needs that had nothing to do with her original reasons for seeking 

academic advisement. 

Phase 1. official documents. Official documents (Bogdan & Biklen, 1992) are 

codified artifacts, forms, and computer programs used by research participants in tasks 

germane to the study. These documents included Jean's "procedure manual," reports 

from the university's division of institutional research, student worksheets for planning 

course schedules, application materials for admission to the teacher preparation program, 

and address change forms. Other official documents were found in electronic form as 

screens from the existing mainframe database and were captured as paper copy printouts 

of computer screens. Appendix C contains a listing of official documents collected for 

use in this study. 
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Phase 1. interviews and observation. Three hours of informal interviews and 

between two and three hours of observation of participants in their routine activities were 

performed in phase 1. These conversational interviews transcribed and analyzed using 

the constant comparative technique (Lincoln & Guba, 1985). They were also used to 

establish contact sheets and a start list of codes (Miles & Huberman, 1994) describing the 

work habits and tasks performed by each individual. These data were then used to 

establish working hypotheses of each participant's work and task related perceptions and 

interpretations. These hypotheses were then applied toward the completion of Cool's 

(1993) three-part design typology. Incremental refinement of start codes and working 

hypotheses made it possible to develop preliminary categories for incoming data and to 

identify important similarities and differences between data collected from each 

participant. 

Interestingly, and in contrast to the extended time on site normally prescribed in 

naturalistic inquiry (Lincoln & Guba, 1985; Eisner, 1992; Bogdan & Biklen, 1992; 

Hughes, King, Rodden & Andersen, 1994) social science researchers suggest that data 

collection techniques similar to those described above are capable of "providing much 

valuable knowledge of the social organisation (sic) of a ... work setting in a relatively 

short space of time" (Hughes, King, Rodden & Andersen, 1994, p. 434). 

Phase 1. qualitative data analysis. As described above, verbal protocols (Ericsson 

& Simon, 1980), unobtmsive observation and informal interviews were used to collect 

procedural data relevant to each participant's task and her perception and interpretation of 

specific jobs, tasks and the perceived context of her work. Analyses of observation field 

notes and interview transcripts were used to derive codes to describe each participant's 

perception and interpretation of specific tasks and context of her work. 
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Credibility (Lincoln & Guba, 1985; Eisner, 1992) of conclusions stemming from 

these analyses was established by triangulating (Lincoln & Guba, 1985) between 

discursive data from each participant, official documents and ad-hoc member checks 

(Lincoln & Guba, 1985; Eisner, 1992) with research participants. 

Phase 2 

Phase 2 began immediately upon the completion of phase 1 and spanned a period 

of three months. Design and programming of the prototype software began and was 

guided by cognitive walkthroughs (Lewis, Poison, Wharton & Rieman, 1990; Poison, 

Lewis, Rieman & Wharton, 1992; Wharton, 1992; Nielsen & Mack, 1994) and reviews of 

phase 1 data analyses. Interfaces for each component of the software were generated and 

analyzed for viability. Incremental analyses of developing designs were conducted 

similarly, using conclusions from the phase 1 data analyses and recursive application of 

cognitive walkthroughs. 

Phase 2. cognitive walkthroughs. In a cognitive walkthrough, a software's 

designer imagines himself or herself as a novice computer user, and speculates how that 

imagined computer user would interpret each screen in attempting to complete some task. 

Fundamentally, the cognitive walkthrough is a set of why and how questions asked like 

this; If I was a computer user and I had a goal, what elements in the computers interface 

give me information on how to proceed toward that goal successfully? 

Leamability "flaws" identified during cognitive walkthroughs were addressed by 

asking, what would be a better way to display this option, so that users will properly 

perceive and interpret it in terms of the task to be completed? Cognitive walkthroughs 

were applied recursively until I was satisfied that interfaces would be properly perceived 
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and interpreted by research participants (Lewis, Poison, Wharton & Rieman, 1990; 

Poison, Lewis, Rieman & Wharton, 1992; Wharton, 1992; Nielsen & Mack, 1994). 

As each screen was produced, it was analyzed using the cognitive walkthrough 

technique (Lewis, Poison, Wharton & Rieman, 1990; Poison, Lewis, Rieman & Wharton, 

1992; Wharton, 1992; Nielsen & Mack, 1994). The cognitive walkthrough is a codified 

method of evaluating a computer interface in terms of how the designer thinks a novice 

user will perceive, interpret and react to it as he or she uses a computer program. The 

cognitive walkthrough is prescribed as an efficient tool for quickly evaluating the 

leamability of a human-computer interface during its development (Lewis, Poison, 

Wharton & Rieman, 1990; Poison, Lewis, Rieman & Wharton, 1992; Wharton, 1992; 

Nielsen & Mack, 1994). Each cognitive walkthrough was recorded on fill-in forms 

designed for this purpose (John & Packer, 1995). These forms were completed using an 

Apple Newton 120/2 MessagePad and transForm (Schlimmer, 1995) software. The result 

of individual "cogwalks" (John & Packer, 1995) is not reported except where it adds 

support or justification to design decisions. 

Despite the acceptance of cognitive walkthroughs as a tool for analyzing human-

computer interfaces (Lewis, Poison, Wharton & Rieman, 1990; Poison, Lewis, Rieman & 

Wharton, 1992; Wharton, 1992; Nielsen & Mack, 1994), its primary criticism is that the 

person performing the analysis is already an expert at using the software and is likely to 

overlook potential user difficulties in some conditions (Nielsen & Mack, 1994). In terms 

of this research, this criticism is attenuated by phase 1 qualitative data collection and 

analyses. Through interviews and observations with each participant, I sought to develop 

a sensitivity to each participant's ways of perceiving and interpreting their jobs and 

individual tasks as would be required by the research software. I was therefore better 

prepared to conduct cognitive walkthrough analyses while minimizing the effects of my 
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"educated ignorance" at using the prototype software. However, despite phase 1 analyses 

and phase 2 cognitive walkthroughs, I discovered that I was still not able to catch all 

"leamability" problems. Chapter 4 describes several of these problems. Chapter 5 

includes a discussion of repercussions for future research. 

Phase 2. testing of the software A testing period of two weeks was conducted by 

me following completion of the research software. This period was used to test each 

component of the software in a mockup of actual use, to identify and remove technical 

flaws (a.k.a. "bugs"). Upon completion of this testing period the prototype software was 

installed on participant's computers. Phase 3 began following final installation of the 

software on research participant's computers. 

Phase 3 

Phase 3 was composed of both qualitative and quantitative data collection and 

ongoing analyses. These analyses were intended to appropriately analyze both qualitative 

data and numerical data toward answering the research questions. 

Phase 3. mirror phase 1 data collection. Phase 3 qualitative data collection was 

conducted similarly to phase 1 qualitative data collection. Opportunities for collecting 

data relevant to the study were planned by scheduling time when research participants 

used the research software in student advisement or admissions processing duties. 

The original research design called for the development of a prototype database 

that would incorporate the entire student population of this university. Currentiy, this 

database contains nearly 30,000 records. The desirability of including the entire database 

in the research software arose from one of the research's assumptions, that persons leam 

to perform tasks in a contextually dependent way (Suchman, 1989). 
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Likewise to gain a meaningftil indication of a person's ability to perfonn leamed 

tasks, an assessment should be administered in as close to a "realistic" environment as 

possible (Suchman, 1987; Erickson & Wentling, 1988; Can-oil, 1990; Gery, 1991; Gagne, 

et al., 1992; Carroll & Rosson, 1995). Thus, because the participants learned their current 

jobs in situ, it was important to observe and assess their ability to transfer that leamed 

knowledge and skill as they leamed to use the prototype software in a similarly "genuine" 

setting. By incorporating the full student body into the prototype database, the research 

participants could have been observed using and leaming the research software in their 

actual environment, with actual students as they came for advisement or with actual 

applications for admission to the program-in other words, as close to "real" as could be 

expected. 

However, this ideal was not realized due to my limited database programming 

experience. Instead, the original research plan was adjusted and the research software 

was developed to include only a small subset of the full student population. This subset 

of the university population was taken from a group of undergraduate students who were 

enrolled in a computer literacy course and who volunteered to act as advisees in the 

study, in retum for extra credit points. A total of 30 student volunteers participated in the 

study. Of these volunteers, 10 were students who had previously been admitted to the 

college's teacher education program, seven were students who planned to apply for 

entrance to the teacher education program later in their college career and 13 were 

students with no plans on pursuing entrance to the teacher certification program. The 

behavior of some of these students during phase 3 advisement sessions had an interesting 

impact on the outcomes of the study. This impact is described in more detail in Chapter 

IV, below. 
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This number of volunteers permitted each student advisor to work with 10 

"advisees" and for 30 admissions applications to be evaluated by Jean. This number 

would permit 10 observations of each participant using the research software. Other 

research studying factors similar to leamability have limited data collection to between 

one (Baxter & Oatiey, 1991) and five observations (Carroll, 1984, 1990). 

Each student volunteer was asked to sign up for a time when they could meet with 

a college of education academic advisor (Terry, Lucy or Helen) and to complete a dummy 

application for admission and provide its supporting materials (an essay describing 

qualities and personal goals). Jean would eventually process each of these apphcations 

with the assistance of the research software. Each research participant was scheduled for 

between two and ten sessions where they used the software to work with these student 

volunteers or to process admissions applications. The research participants were aware 

that they were working with volunteers as they used the prototype software. Total time 

that each participant used the software ranged from three hours to over five hours. 

Phase 3. qualitative data analysis. Each participant was instmcted to engage in a 

verbal protocol (Ericsson & Simon, 1980) as they used the software in their job. Each 

verbal protocol interview was tape recorded and transcribed and the text analyzed for 

evidence of awareness contexts (Glaser & Strauss, 1972), conditions of anti-flow (Allison 

& Duncan, 1988) and anomie-like behavior (Hilbert, 1992). Throughout the phase 3 data 

collections, transcribed field notes and write ups of the verbal protocol interviews with 

participants were analyzed using the constant comparative analysis technique (Lincoln & 

Guba, 1985). Coding of these data was based on Glaser and Strauss' (1972) theories 

delineating awareness contexts, Allison and Duncan's concept of anti-flow (1988) and 

Durkheim's sociological constmct of anomie (Hilbert, 1992). Chapter IV presents the 

results and argues for an assessment of learning as defined in Chapter 11, above. 
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Evidence of leamed behavior in the qualitative data. Phase 3 data were classified 

in accordance with Glaser and Strauss (1972) awareness contexts, Allison and Duncan's 

concept of anti-flow (1988) and Durkheim's sociological constmct of anomie (Hilbert, 

1992). Chapter 11 above contains a more detailed argument in support of these means for 

defining "leaming." A brief review of these concepts is given below. 

Verbal protocol. The verbal protocol method (Ericsson & Simon, 1980) is 

recognized as a useful technique for eliciting process-oriented knowledge from a person 

as he or she is actually involved in the process. In a verbal protocol session, the research 

participant is 2isked to verbalize what they think about and do, as they attempt to perform 

some task (Bainbridge, 1979; Miyake & Norman, 1979; Ericsson & Simon, 1980; Alty & 

Coombs, 1981; Lewis, 1982; Evans & ST, 1988; Knox, Bailey & Lynch, 1989). 

Ericsson and Simon (1980) argue that this method of "concurrent reporting" is a 

more reliable indicator of process knowledge than is "retrospective reporting" or "after 

the fact" interviews. Also, Ericsson and Simon (1980) indicate that verbal protocol 

interviews have a side-effect that is of value to this study. Their research argues that as a 

task becomes well learned or automatized, it ceases to occupy short-term memory, and is 

no longer reported by research participants. Because automaticity is an advanced level of 

leaming (Ormrod, 1990) it may be argued that research participants have leamed the 

software when their verbal protocol reports show a decrease or cessation of process-type 

knowledge relative to the research software. Adding support to their utility for eliciting 

reliable data researchers claim that "a number of subsequent studies have shown a high 

degree of congmence between verbal reports and other behavioral measures in a variety 

of experimental settings" (Ericsson & Simon, 1980, p. 247). 

Awareness contexts. Glaser and Strauss' (1972) taxonomy of awareness contexts 

contains four levels: open, suspicion, closed and pretense. Open awareness implies a full 
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and "open" understanding of one's surtoundings. Suspicion awareness indicates that a 

person suspects an understanding, or has developed what scientists call a "working 

hypothesis" (Simon, 1984). A closed awareness indicates that a person does not 

understand their surroundings. The fourth level, pretense awareness, is not germane to 

this study. 

The methodological benefits of Glaser and Strauss (1972) taxonomy does not 

come from the participant's awareness in human-computer interactions. Instead, they are 

realized when it becomes possible to recognize that a person has moved from one context 

to another. In terms of this research a shift from closed or suspicion awareness to an open 

awareness will be understood as a signal that a participant has begun to understand, thus 

has leamed how to use the software in performing her work. A shift toward suspicion or 

closed awareness will conversely be taken to indicate that a participant has become 

confused, thus has not successfully leamed how to use the software. 

Anti-flow and anomie. Csikszentmihalyi's psychological constmct of "flow" has 

been described as an equitable compromise between ability (skill) and challenge 

(difficulty) (Csikszentmihalyi & Csikszentmihalyi, 1994). When these elements are 

balanced, Csikszentmihalyi indicates that a person can experience a "channel" in which a 

task appears almost effortless. However, when difficulty and skill are mismatched, a 

person may experience anxiety, disorientation or boredom. Allison and Duncan (1988) 

term this state "anti-flow." 

It was expected that the research participants would experience small episodes of 

anti-flow as they began to use the research software. With experience however, I also 

expected they would leam how to use the software in a way that allowed them to avoid 

feelings of anti-flow. In terms of this research a decrease or absence of anti-flow was 
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associated with evidence that the research participants were leaming how to use the 

research software to perform job related tasks. 

In extreme cases of anti-flow, anomie (Hilbert, 1992) was seen to occur. 

Durkheim's social concept of anomie implies an absence of social order that prevents 

social actors from behaving in accord with normative social order (Hilbert, 1992). 

Anomie suggests that an individual must be able to recognize some familiar or "normal" 

simation before they can act comfortably within this order. Phase 1 data analyses served 

in part to define "normal" behavior of the research participants within the scope of this 

study (what behavioral research in human leaming refers to as "baseline" behavior). 

Using phase 1 data as a snapshot of normal activity, evidence of anti-flow or anomie-like 

behavior during phase 3 would imply that a research participant could not learn to use the 

research software in terms of her work. In fact, symptoms of anomie-like behavior were 

observed in two of the research participants during phase 3. However, data analyses 

suggested that the research software was not an important factor. Chapters IV and V 

describe these episodes and their repercussions in greater detail. 

Ormrod (1990) provides a cognitivistic definition of leaming as "a relatively 

permanent change in mental associations due to experience" (p. 6). A change in 

awareness from a closed or suspicion state to an open state (Glaser & Strauss, 1972) and 

the lack of anti-flow (Allison & Duncan, 1988) or anomie (Hilbert, 1992) may similarly 

imply that a change in mental association has occurred. Therefore, for the purposes of 

this research, movement to an open awareness context and/or lack of anti-flow and 

anomie-like behavior is taken to indicate that a person has learned or is leaming how to 

use the research software. 

90 



^ 

Phase 3. Quantitative Data Col lection 

The assessment of "leaming" based on qualitative data collection and analyses are 

argued as reliable "for all practical purposes." However, they are nonetheless subjective 

assessments and as a result underdetermined (Lincoln & Guba, 1985; Suchman, 1989) 

because no objectively falsifiable criteria or null hypotheses are stated a priori. However, 

balancing qualitative conclusions with more objective measures of leaming may be 

valuable in providing both formative and summative arguments for the design of easy-to-

leam software. As a result, quantitative data were also collected and analyzed as part of 

phase 3. 

In the interest of capturing quantitative data relative to each participant's activity 

with the research software, the software was designed to unobtmsively collect each user's 

individual mouse clicks and keystrokes. By recording discrete command inputs during 

each session with the research software, I obtained a pattem of each participant's 

interaction with the software every time she used it. In particular, these "tracking" data 

include an identification of the participant, date and time of use in addition to a transcript 

of individual computer operations performed (e.g., which on-screen button was clicked 

and which commands were invoked). 

Tracking data permitted the analysis of each participant's interactive behavior 

with the software across repeated sessions. In terms of this research, a quantitative 

description of leaming requires the satisfaction of two criteria (a) achievement of a 

statistically significant pattem of behavior in the "tracking" data (described below) and 

(b) evidence that the participant successfully accomplished a "goal" (Moran, Card & 

Newell, 1983) when a significant pattem was recorded. 

Figures 3.2, 3.3 and 3.4 below and the accompanying narrative description 

(Appendix E) provides a hypothetical example of how quantitative data can accumulate 
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and be analyzed in this study. All figures shown here are taken from prototype software 

described in Winiecki and Ahem (1994). 

Each graphic button shown in Figures 3.2 and 3.3 is assigned an integer value 

(Figure 3.2) that is recorded each time the user clicks that button with a computer mouse. 

As the user clicks each button, a small triangular shaped object moves in accord with the 

description on the button clicked and leaves a trail of its path (Figure 3.3). 

As the user repeatedly clicks buttons to maneuver the triangle around the 

computer screen (Figure 3.3), the computer records a chain of integer values coinciding 

with the sequence of the buttons clicked. For example, referring to Figure 3.2, if the user 

clicked on the button labeled " t u r n l e f t 45 d e g r e e s " two times, then clicked 

"go back 10 s t e p s " three times, the following chain would be automatically 

recorded: 04 04 14 14 14. This chain of integer values provides a record that 

describes each of the users physical interactions with this software. 
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Figure 3.2. Button palette and assigned integer values (Winiecki & Ahem, 1994). 

Figure 3.3 shows how a user might view a session with this software, and a 

graphic produced through that interaction. With continued use of the software, the 

research participants' tracking data are continuously captured to create a data set that 
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records actions with the software. For example, a set of 5 trials with the software shown 

in Figure 3.3 may result in a data set similar to that shown in Figure 3.4. Data are then 

available for analyses as described below. 

Figure 3.3. Visual effects as user interacts with software (Winiecki & Ahem, 
1994). 
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Figure 3.4. Hypothetical data from 5 trials with software in Figures 3.2 and 3.3. 
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Phase 3. Ouantitative Data Analysis 

The quantitative data collected by the research software is characteristic of 

discrete state stochastic models (Hewes, 1980). This family of models is thought to be 

appropriate for use in situations where a researcher seeks to determine a probability of 

some sequence as a set of interrelated states (Hewes, 1980). This differs from more 

traditional statistical tools that seek to determine probability of a distribution of values 

within a population. Furthermore, stochastic models (also called sequential models or 

"Markov" models) are thought to be more appropriate for use in studying "intra-

individual theories of social action" (Hewes, 1980, p. 397) in which any of three 

environmental factors exists. In particular, Hewes indicates that sequential analyses are 

appropriate when factors exist. 

(a) which are not incorporated in theory, (b) which are incorporated but which are 
not under the complete control of the individual, or (c) which are incorporated but 
which are not perfectly understood by the individual. In short, intra-individual 
theories merely describe social action from the standpoint of individuals who are 
faced with a partially unpredictable social world not under their complete control. 
(Hewes, 1980, p. 397) 

This research aims to study the research participants leaming of the research software 

within the uncontrollable factors of the context of experience. Additionally, Conlisk 

(1976) indicates that stochastic models assume that an individual's actions "do not 

depend on how other individuals in the population are distributed over other states. That 

is, one individual's behavior is independent of other individuals" (p. 175). These factors 

indicate that stochastic analysis of a leamer's actions is an appropriate tool for analyzing 

the behavior of research participants as they use the research software. 

LeFever (1990) created a computer program (Appendix D) for performing 

sequential or "Markov" analyses of data in the form collected by the research software's 
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tracking mechanism (Figure 3.4). These analyses enabled me to discover three items of 

interest to this study: (a) The probability that a data sequence is statistically non random 

(i.e., that there are regular pattems in it), (b) The probability that a particular point in a 

data sequence will be followed by a pattem of regularity (i.e., diminished entropy), or (c) 

a pattem of chaos (i.e., increased entropy). Sequential data analysis using this computer 

program is the primary quantitative analysis tool in this study. 

Evidence of leamed behavior in the quantitative data. As research participants 

used the prototype software, I expected that they would leam how it could be used to 

successfully perform individual tasks. With this leaming, I expected that each participant 

would fall into a routine or pattem of interaction with the research software. After 

recording each participant's interaction (Figure 3.4), I used the software program supplied 

in LeFever (1990) to determine first, if the data chains satisfy a Markov property 

(Gottman & Roy, 1990; LeFever, 1990) of non-randomness, and if so to calculate chi-

squared (^2) statistics to determine the quantitative significance of those pattems. 

Ormrod (1990) offers a behavioral definition of leaming as a relatively permanent change 

in behavior due to experience (p. 6). Thus, in terms of this research, a quantitatively 

significant pattem of behavior with the research software was considered as evidence that 

a participant had leamed a procedure for using the software to perform some task. 

Entropy analysis: Identifying trips or jumps. In addition to the identification of 

leamed pattems as described above, the software supplied in LeFever (1990) may be used 

to determine the existence of what I will term trip or jump points. 

A trip point is considered to be a point in a sequential data chain after which no 

regular pattem is ever found to occur, or a point that guarantees an increase in entropy. 

Such a condition may also be reconciled in terms of awareness contexts (Glaser & 

Strauss, 1972), where such a trip point may suggest a transition to a closed awareness or 
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in terms of Allison and Duncan (1988) or Durkheim (Hilbert, 1992) as the existence of 

anti-flow or an entrance to anomie-like behavior. 

A jump point is the opposite of a trip and occurs at a point in a data chain after 

which a regular pattem is guaranteed to occur, or a point that guarantees a decrease in 

entropy. A jump point additionally serves to identify a particular interface feature (icon, 

label or display on a button or menu) that signals a transition from suspicion to open 

awareness (Glaser & Strauss, 1972) of the research software. For Allison and Duncan 

(1988), a jump point may be seen as a feature that is necessary to avoiding an anti-flow 

condition and to Hilbert (1992) as a departure from anomie-like behavior. 

Summative and formative evaluation. These trips and jumps may then be used to 

retrospectively evaluate individually flawed or successful components of the research 

software in a post hoc analysis of individual interface components. By identifying the 

existence of a Markov property of statistical significance and trip and jump points for 

each research participant, it becomes possible to focus phase 3 analyses on aspects of the 

design and offer conjecture as to why phase 1 data collection, phase 2 cognitive 

walkthroughs and the resulting design did or did not match the participant's perception 

and interpretation of the task as represented in the research software. Appendix E 

contains a step by step example of a data analysis using the MARKOV.BAS program on 

the hypothetical data shown in Figure 3.4. Chapter IV contains examples of similar 

analyses from data generated during the participants phase 3 use of the research software 

and chapter and 5 includes repercussions for future research. 
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Ensuring Integrity of the Qualitative Research Conclusions 

Tmstworthiness 

In order to evaluate the strength and importance of any research, the 

tmstworthiness (Lincoln & Guba, 1985) of the study and the fit of methods to their 

intended purpose, should be considered. I have argued that the methods described above 

are tme to the aims of tiiis research. Particularly, because a person's perception and 

interpretation of their environment and tools are important to their learning and 

performance of some task, perception of factors surrounding task actions must be 

considered when designing a system to improve performance relative to that task, 

including leaming performance (Suchman, 1989). Two trustworthiness criteria were used 

in this study, credibility and transferability. Each of these criteria is defined below in 

terms of this research. 

Credibility. Lincoln and Guba (1985) describe several strategies for assuring the 

credibility of a qualitative study: member checks, prolonged engagement, persistent 

observation and triangulation. These methods were employed throughout the study to 

support its credibility. 

Because the perceptions and interpretations of each participant are important to 

the thesis of this study, member checks serve as an important device in guiding this 

research. Member checks are occasions when a researcher begins to isolate what are 

thought to be important pattems, codes are assigned to them and he or she consults with 

the research participants to seek verification or clarification of these codes as accurate 

descriptors for the data (Miles & Huberman, 1994). 

Persistent observation seeks to provide adequate data to permit the researcher to 

"map the ground" framed by the research (Lincoln & Guba, 1985). Persistent 

observation of the research venue and my participants through phases 1 and 3 enabled me 
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to gradually come to know each "object" (Mead, 1934) in the workplace environment and 

its relationship and meaning to each participant in terms of the study. 

"Prolonged engagement requires that the investigator be involved with a site 

sufficientiy long to detect and take account of distortions that might otherwise creep into 

the data" (Lincoln & Guba, 1985, p. 302). It provides a researcher with reason to doubt 

"first glance" evaluations of data in the research site and clarify substantive or watershed 

events in the research venue that are of potential importance to the inquiry. In 

combination, the techniques of member checking, persistent observation and prolonged 

engagement enabled me to delineate characteristics of the outer environment (Simon, 

1984) that assist in fulfilling Cool's (1993) design typology toward a design methodology 

for improving software leamability. 

Triangulation is a technique where a researcher identifies and masses multiple 

data in support of a research conclusion (Lincoln & Guba, 1985). As pattems emerge and 

are substantiated by credibility checks, I triangulated the data by comparing each 

participant's accumulated transcript data, observation data and member checks with her 

quantitative data and checked for pattems germane to the research questions. 

Transferability. Although case study research is not intended to produce answers 

that may be easily generalized into other settings, one of the objectives of this research is 

to better comprehend how computer user's perceptions and interpretations of a task and 

its context effect their ability to leam or re-leam tasks to be performed in that context. 

Because of this, it is my duty as researcher to provide consumers of this research 

with a discursive data base that makes transferability judgments possible on the part of 

potential appliers (Lincoln & Guba, 1985, p. 316). Lincoln and Cuba's (1985) 

terminology of data base is understood to be the accumulated set of conclusions and 
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supporting evidence resulting from the inquiry, not the software database that is used in 

this research. 

To provide consumers of this research with a useful set of conclusions, throughout 

this report I describe not only the changes in the research venue effected by the study, but 

also the mundane and day-to-day occurrences that make this office unique. By including 

both normal, and unusual events in the report, consumers of the research may be better 

equipped to assess its value and apply the research to address their own potential needs, 

activities, environments and practice. 

Limitations of the Study 

This study contains some limitations associated with both observational and 

interview based inquiry and with existing research methodologies common in the field of 

human-computer interaction. However, through the use of both qualitative and 

quantitative methodologies I have attempted to lessen the impact of limitations imposed 

by each respective methodology. 

Qualitative limitations. Qualitative research aims to understand some situation or 

event from the perspective of insiders to that situation or event. My familiar status with 

members at the research site, and known capacity as the designer and producer of a 

needed software application (also the research software) permitted access to my 

participant's uncensored comments and observation of authentic behavior as they 

performed their job duties both with and without the computer and learn to use the 

prototype computer software. 

Through these observations and interviews I had access to the research 

participant's genuine impressions and understandings (Harre & Secord, 1973). However, 

it is the responsibility of myself as the researcher to establish that my interpretations of 
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these data are in fact well-founded in terms of the goals of the study (Lincoln & Guba, 

1985; Bogdan & Biklen, 1992; Eisner, 1992) and credible (Lincoln & Guba, 1985; 

Eisner, 1992). Techniques including constant comparative analysis, member checking 

and triangulation (Lincoln & Guba, 1985; Eisner, 1992) were used. 

Ouantitative limitations. Quantitative research methods aim to explain the 

occurrence of events by rigorously controlling the conditions surrounding their 

occurrence. This technique has been criticized as being impractical for application to real 

world settings where such control is not possible (Lincoln & Guba, 1985; Lewis, Carroll, 

1990; Poison, Wharton & Rieman, 1990; Eisner, 1992; Suchman, 1995). Therefore, 

instead of trying to control variables, I have collected quantitative data by unobtmsively 

recording each participant's behavior as they used the software under essentially 

uncontrolled conditions. Changes in user behavior over time have been analyzed and 

described as informed by sequential analysis techniques (Gottman & Roy, 1990; LeFever, 

1990) to detail each person's pattem of behavior over repeated use of the software. 

This inquiry employed a set of four office workers as its sample population. With 

such a limited sample, traditional statistical methods do not produce meaningful results. 

The statistical tools used in tiiis study are better able to accommodate this limitation, 

however their statistical power is generally considered to be low (Erickson & Wentling, 

1988; Gottman & Roy, 1990). For this reason, instead of attempting to present 

generalizable results this research offers a case study of the theory based design and 

qualitative and quantitative description of a computer interface focused at maximizing the 

design of easy-to-leam software. 
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Summary 

The thesis of this research argues that current methods of designing and producing 

microcomputer applications produce software that is not very easy-to-leam-how-to-use. 

To address this, I have argued for a new design methodology that combines commercial 

research and software design techniques with theories of communication and human 

interaction, instmctional design and sociology with qualitative research methodologies. 

These tools are used with the intent of developing a more easily leamed software 

interface. The design methodology presented here is intended to result in the design of 

software interfaces that permit computer users to invoke their current knowledge to assist 

them in leaming how to use a computer application without special instmction. 

I have also presented a rationale and methodology for the use of a combination of 

qualitative and quantitative analysis tools for assessing the leamability of software 

designed using the techniques and methods described above. These combined methods 

and techniques are argued to provide a more complete means for designing, evaluating 

and understanding the factors involved in software interface design and factors 

surrounding a person's leaming how to use software to perform familiar tasks. 

Conclusions resulting from the described methods and analyses are argued to be reliable 

and of importance to the continued development of leamable software and to contribute 

to a science of design (Simon, 1984) for creating and analytically describing human-

computer interface designs. 
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CHAPTER jy 

RESULTS 

In Chapter I above, I identified and described a problem that appears when people 

attempt to learn how to use microcomputers to do practical work. I characterized this 

problem as the "seminal computer question." In Chapter I, I also explained why modem 

methods of human-computer interface design do not address this problem. In particular, I 

showed that modem human-computer interface design practice focuses on factors limited 

to the use of computer software, not on how a person may leam to use computer software 

to do practical work. 

In Chapter n, I reviewed existing literature describing human-computer interface 

design theory and practice, and instmctional systems design theory and practice in 

support of the position that modern methods of human-computer interface design and 

instmctional systems design cannot address the seminal computer question. I then 

explicated existing research, theory and methodologies that could contribute to its 

solution. In Chapter m, I described the methods and instmments employed by this study 

in its effort to respond to the seminal computer question and to uncover the symbols and 

methods used by my research participants' that they used to help them accomplish 

everyday work. 

The thesis of this study suggests that if a human-computer interface were designed 

to incorporate these symbols and to accommodate these methods, it would be easy to 

leam how to use without explicit training. I called this easy to leam attribute leamability. 

Chapter n i also delineated research tools to be used in assessing the achievement of a 

leamable human-computer interface. In the sections that follow, I detail the manner in 

which this study was conducted and its outcomes. 
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Accomplishing the Design of Leamable Software Interfaces 

The thesis of this research prescribed the use of qualitative research methods to 

look inside die working activities of the research participants in an attempt to discover 

contextual and perceptual factors, and personal knowledge and philosophies that they 

used to help make sense of and accomplish (Garfinkel, 1967; Coulon, 1995) everyday 

work activities. I then tried to used discoveries to inform the design of a user-interface to 

a microcomputer database. My thesis suggests that by incoiporating elements of both a 

person's perceptions and interpretations of context (or outer environment), and more task 

related (or inner environment) factors of everyday working situations, into the design of a 

microcomputer's user-interface, the interface would be easier to leam how to use without 

requiring additional explicit instmction, as assumed by Rubin (1994). 

As a result of this discovery, dimensioning and incorporating process (a.k.a. 

designing), I set the stage to provide an environment that would facilitate leaming as a 

constmctivist would predict; learning that was brought about simply by using the 

research software in the process of accomplishing mundane, everyday work (Suchman, 

1987; von Glasersfeld, 1995). In the sections that follow I detail events and conclusions 

of this process and illustrate and offer an explanation of the actions of the research 

participants as they used the research software in the process of performing everyday 

work. Conclusions are then drawn in terms of the research questions, using the analysis 

tools described in Chapters n and HI above. 

In phase 1 of this study I invoked the social science research methods described in 

Chapter m above, with the purpose of eliciting data that would assist me in explicating 

the research participants' perceptions and interpretations of their work environment and 

work contexts that they used to help them accomplish everyday tasks. In phase 2 of this 

103 

idtfHHiu 



study, I incorporated these discoveries into the design of a human-computer interface to a 

microcomputer database that my research participants could use in their jobs. In phase 3 

of the study, I watched and listened as my research participants' used the research 

software in the course of their work and collected data to help me assess the success of 

the phase 1 data collection and phase 2 design processes in creating a human-computer 

interface that was leamable. 

Phase 1. Interviews and Observations 

The primary methodologies used in my study of the research participant's inner 

and outer environments (Simon, 1984) were borrowed from classic ethnography 

(Garfinkel, 1967; Hughes, King, Randall & Sharrock, 1995). By talking to and watching 

my participants, I sought to elicit data that would help me discover and define the 

symbols and methods that they used to assist them in performing a component of their 

everyday jobs. 

After these interview and observational data were collected, I analyzed them from 

the perspectives of symbolic interactionism and ethnomethodology (Garfinkel, 1967; 

Blumer, 1969; Livingston, 1987; Suchman, 1989; Coulon, 1995). These perspectives 

were selected for their philosophical premises. The theoretical framework behind 

symbolic interactionism seeks to identify and explain how symbols are used as tokens of 

thought and action (Blumer, 1969), and ethnomethodology endeavors to understand not 

only what a person does, but how he or she makes sense of extant and retrospective 

contexts in accomplishing mundane, everyday activities (Garfinkel, 1967; Coulon, 1995). 

As noted above, in terms of this research, leaming, in general, and leaming how to use a 

new computer software application, in particular, is viewed as an everyday, mundane and 
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practical activity that was to be accomplished by the research participants in the course of 

their work and this study. 

This chapter contains a description of data mined through interviews and 

observations of the four persons in this study. Findings are first presented for each person 

separately and then united in a confluence that comprises their work-related symbols and 

ethnomethods. This chapter also describes how I used these findings to inform the design 

of a user-interface for the research software. Finally, I use a similar individual-to-group 

strategy to describe both qualitatively and quantitatively, the way the research 

participants attempted to use and leam-to-use the research software in the process of 

accomplishing their everyday work. 

The first part of this chapter describes the four office workers participating in this 

study. These stories are told with the assistance of a metaphor that emerged during my 

work with these four people. This metaphor characterizes the research participants as 

emergency medical technicians (EMTs) or a hospital nursing staff. Metaphors are 

commonly used in communication to help set a mood or viewpoint for understanding a 

story or setting (Barthes, 1977; Pierce, 1985; Foss, 1989) and by computer interface 

designers to cast a similar focusing or binding perspective on how their product is to be 

perceived and understood (Gait, 1985; Apple, 1987; Laurel, 1990; Horton, 19914; 1994; 

Kacmar and Carey, 1991; Microsoft, 1992, FarPoint, 1994a, 1994b). Qualitative 

researchers use the same device to encourage readers to analyze their reports in a way that 

encourages understanding in terms of some focusing viewpoint (Eisner, 1992). 

However, both literary and computer metaphors mn the danger of being 

misunderstood because the reader or computer user may not share the same point of view 

with the metaphor's creator (Kacmar & Carey, 1991; Byme, 1993). To avoid such a 

problem, this report both introduces and explicates my metaphor as it evolved during the 
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research and then stitches subsequent events to that metaphor. In this process I hope to 

assist the reader in understanding the research site and to help the reader in coming to 

know these four workers as I did, and in tum why I designed the research software as I 

did-as I attempted to create an interface that was easy for them to leam-how-to-use. 

Terry 

Terry (as mentioned above, all names used in this research report are 

pseudonyms) is administrative assistant to the associate dean in charge of the office in 

which this research was performed. As such her tasks are many. However, during phase 

1 of the research, Terry was consistently working with the dean to prepare a multi-year 

report in support of this college's application for national accreditation in teacher 

certification. At several times during our interviews, she mentioned how this particular 

task was "killing" her. The job itself was immense and involved many small tasks that 

were difficult to juggle. Terry was always busy spinning this endless list of tasks into the 

fabric of her daily work life. 

In addition to this single big job, Terry was still responsible for maintaining the 

many components of her normal working role. Despite her constant preoccupation with 

this big job, she both related to me and exhibited a practiced confidence and precision 

that supported her argument that normal tasks were many but regular and predictable. 

She explained that the cycle of her work usually follows in rhythm with the school year. 

As one such example, she described a student list compilation: at the end of each 

semester she sifts through the college's undergraduate and post-baccalaureate records and 

compiles a list of students entering, leaving or in danger of academic probation. 

In the year preceding this study, the student list compilation job was semi-

automated by the university's division of institutional research. Terry formerly had to 
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laboriously identify students from the university's mainframe database, but now the 

division of institutional research supplies Teny with a list of names from which she 

verifies each student's academic standing. She does this by comparing the listed students 

academic records with university and college grade standards by refemng to entries in the 

university's mainframe database. 

Despite the computerized efficiency and factual status normally given to official 

administrative documents (Zimmerman, 1974) like this computer printout, I observed an 

episode that suggested that Terry treated all student related tasks-even this routine 

treatment of faceless names-with persistence and care. Early one day when she knew 

she would have to spend much of her time on the impending accreditation report, I 

observed her trying to teach this task to Abby, a work-study student. As Murphy's Law 

would have it, the student whose record Terry chose as an example for her impromptu 

lesson appeared to be inconsistent with her algorithm for performing this job. Terry 

halted her lesson with Abby and spent about ten minutes sifting through the mainframe 

database trying to understand the source of the discrepancy before calling a colleague in 

another building for help with the problem. Prior to this call, in the course of her own 

inquiry she traced this student's records back to his first semester of enrollment. After 

assembling a miniature case-study of the student's academic history, she vocalized (what 

she later admitted to be talking to herself) her conclusion and then immediately voiced 

doubt of its probability. It was then that she telephoned an appeal to the expert in another 

office. 

When talking to this person she related a detailed description of her inquiry and 

personal conclusions. Assisted by Terry's 9-1-1 report of her emergency, this expert 

responded quickly to diagnose the situation and instmct Terry in the proper treatment. 

After leaming of this new treatment for one of htv patients, Terry shared it with Abby 
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who was then sent out to complete the job on her own. When I later spoke to Abby 

regarding Terry's actions, she told me that 

[Terry] always does it that way-she's hard to satisfy and doesn't stop digging 
until she knows what and why she's doing something. Sometimes she overdoes it 
when she explains things, too. She always says things a couple of different ways, 
just to be sure. 

However, the focus, thoroughness and dedication exhibited above and 

corroborated by Abby's comment appear to be prioritized according to some tacit sense 

of urgency. Students who visit her office and appear to be in need are given code red 

status. Students in less critical need are treated efficiently but more tersely. For example, 

during one of our phase 1 interviews a student knocked on her office door. Upon 

greeting him, this student introduced himself as a reporter from the college newspaper 

seeking to schedule an appointment with the college's dean. She quickly scheduled the 

appointment and dismissed him. In contrast, only a few minutes later Abby came to the 

door in noticeable discomfort. Identifying a more critical situation, Terry immediately 

put our interview on hold and attended to Abby, who she insisted go home for the 

remainder of her daily work schedule. On another occasion, I observed as Terry 

performed triage on a crowd of students in the waiting area. She quickly prioritized their 

needs and took the most critical patient into her office for assistance. 

During phase 1,1 observed Terry at work with students, faculty and staff 

colleagues. As a general mle, her pattem of work was to attend to a project or person 

until all problems or questions were resolved. Intermptions were met with a terse reply. 

As I noticed this same reaction on subsequent occasions, I hypothesized that Terry prefers 

to focus her attention on one thing at a time. She later verified this hypothesis and sighed 

when she admitted that intermptions were unavoidable but not welcomed. On this topic, 
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Terry intimated that constant intermptions to her concentration were the most fmstrating 

thing about her job. 

A side-effect of her concentration and her preference of this one-thing-at-a-time 

manner of work appears to be the perception of empathy and caring. This can be 

characterized as a bedside manner when addressing student's needs. An example of this 

occurred during an advisement session with Adam, an older student whom Terry told me 

has regularly come to her for assistance over the past several semesters. Prior to this 

advisement session, Terry introduced me as a person who was "watching me work so [he] 

can design some software to help [us]." After granting me permission to audiotape the 

session, Adam disclosed that "Terry should be given a medal for what she does for guys 

like me. I'm always looking for help and she understands my problems." Adam had 

come to accept Terry's attention as a caring that he appreciated, perhaps encouraging him 

to seek Terry's counsel on a regular basis. 

During the subsequent advisement session, I watched as Terry browsed Adam's 

academic record on the mainframe computer while quizzing him about his degree plans 

(her activity reminded me of a recent visit to the doctor, who fiipped through my file 

while asking questions about my health, allergies, etc.). Armed with a knowledge of 

Adam's current status and future plans, Terry then began to inquire about his intentions 

for the upcoming (summer) semester. Adam described how he wanted to take "two 

maths and one lab science, so that I can take 'this course' in the fall." After hearing this, 

Terry turned her chair to face the computer and typed for several seconds to call up a 

particular screen. After reviewing the data she started, "You may not want to do exactiy 

that. Your math scores are okay but you know that summer school is a lot tougher than a 

regular semester. You have to cover the same material as a regular semester, but you 

only have six weeks, not 16! And a lab science course will require you to spend more 
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time in extra lab sessions. You may not have enough time to study for all that work!" 

Terry then turned away from the computer, scooted her chair closer to Adam and 

proceeded to work with him, sifting through the summer school course catalog in search 

of "better courses for him." 

During the ensuing interaction, I observed Terry invoke "model I" and "model 11" 

strategies (Schon, 1984) as she tried to help Adam. Initially, she adopted a "model fl" 

stance where she offered to him what she believed to be "do-able" coursework. Model II 

behavior is characterized by Schon (1984) as a way of using one's professional status as 

persuasive leverage. Thus Terry's actions could be interpreted to mean "I know better 

than you, and I have your interests in mind, so take my suggestion." 

However, Adam persisted in his desire to pursue his earlier plan-a plan that Terry 

later told me, based on her familiarity with him, would be "too much for him to handle." 

At this, Terry switched to a model I strategy where she strengthened her suggestions to a 

"this is what you should do!" tone. Schon (1984) describes this model shift as a very 

common strategy followed by people who have an interest in the outcome of a 

negotiation, but who also have no actual authority over the decision-maker. 

By this action, Terry belies her interest in Adam's success, but also her desire to 

have Adam make his own decisions, albeit according to her advice. She verified this 

personal interest in a later conversation saying 

Some of my students—I've seen them enough to know what they can and cannot 
do. I try to suggest what I think is best for them. But I won't tell them what to 
do. They're in college, they're grown-ups, they can make their own decisions. I 
just try to show them what they can do. 

This individual session with Adam lasted over an hour, with less than 5 minutes 

spent in actual computer work. Later, Terry characterized this session as typical of her 
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occasional advisement duties. When I asked her about the short time actually spent 

working with the mainframe computer database, she described her reasons matter-of-

factly. 

These kids have access to the exact same information I do (on the computer). 
They do not need me to tell them what they already know. I see my job as 
someone who can give them more options than they're aware of The computer is 
just a tool to get me started. I'd rather spend more time with the student-learning 
about them and their needs and concems instead of just filling in holes in their 
schedule. 

I remember stmggling through school, not knowing exactiy what was expected 
and I want these kids to know what's ahead. I never really know what I'm going 
to have to do to help them, but I have to know both their grades and their needs 
before I can do anything. 

Her self-assigned role thus appears to be characteristic of a paramedic who 

performs quick triage assessments and then responds directly to them using a mix of 

medical knowledge and experience. Along with the instmment readings of grades, 

semester schedules and similar administrative data, Terry elicits individual and personal 

information and appears to engage in chats with a student as she perceives and interprets 

their needs. In evaluating herself, she admits "since I'm not trained as an academic 

advisor, I don't know exactly what to do all the time." Thus, like a paramedic who does 

not have the expertise to treat the disease, Terry's advisement strategy appears to be to 

find out what hurts so that she can treat her patient's symptoms, leaving the real doctor 

work to official academic advisors—whom she occasionally appeals to for assistance, and 

whom she recommends to her student advisees. 

Though she accepts the responsibility of performing academic advisement, her 

admitted unfamiliarity with many official issues is a source of fmstration for Terry. On 

one occasion, she confided to me that she had received a phone call from another 
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administrative office in the university cautioning her about mis-advising students. She 

appeared more concemed about the student's well-being than the caution, saying "When 

this happens, I lose credibility with the students and make it harder for them to finish 

[i.e., graduate]. And they're the ones I'm trying to help!" Despite these feelings of 

fmstration, Terry does not want to become an academic advisor, saying "I have enough to 

do, and that's what Lucy and Helen are paid for." She does, however, try to keep track of 

some things that help her in that capacity. She has prepared a handwritten cheat sheet 

containing the codes needed to access data on the mainframe database and has taped it to 

the top of her computer. This kind of job aid (Snelbecker, 1993) is a feature in many 

worksites where computers are in common use (Carroll, 1990; 1992; Suchman, 1995) and 

suggests a need for training (Carroll, 1984, 1990, 1992). 

The dedication, care and informal preparation for treating her patients exemplified 

by these episodes characterizes what I came to see as Terry's normal work practice. I 

saw this pattem repeat itself many times during the study. Terry would concentrate her 

energy, try to collect relevant data, abstract the problem and deduce a solution from her 

current knowledge. Her effort reflected a practice and caring that continually reminded 

me of dramatic television's portrayal of a paramedic or emergency medical technician. In 

the field, she appeared more than capable of performing initial triage and treatment, but 

was always cautious enough to appeal to a trained expert when necessary to save a 

patient. 

As I grew accustomed to her actions, this medical metaphor became increasingly 

useful in categorizing her work related actions. Not only did she practice a methodical 

persistence and skill, she also exhibited an empathetic character or bedside manner. 

Instead of simply relying on instmment readings of grades and transcripts from the 

mainframe computer database to guide her treatments, she quizzed students for more 
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ephemeral information by chatting with them. The symbols that signaled appropriate 

responses were more than computer displayed numbers and administrative policy, they 

were feelings and attitudes that she accessed and interpreted informally. These symbols 

never told her what to do, rather they appeared to contribute to an ongoing cybemetic 

loop (Geis & Smith, 1992), i.e., to supply inputs and to act as feedback that she used to 

guide her actions as she proceeded through each advisement session. 

I observed that the symbols she used to guide her advisement methods were 

drawn mostly from dialog with students and that her use of computer accessed data was 

limited to demographic information, transcript information and test scores. Her actual 

computer use was very limited and exhibited a pattern of simply looking on a particular 

set of screens for requisite data before tuming away from the computer and toward the 

student. During advisement sessions, I noted that she rarely referred to the computer 

more than once or twice. 

Because of her limited computer use, my phase 1 assessment of Teny's computer 

interface needs was to give her a tool that she could quickly browse to find required data, 

and that would then permit her to spend more time chatting. This suggested to me that 1 

simply design the interface so that she could access the needed data in one place. In order 

to support her method of giving advisement and present a leamable interface for Terry, I 

concluded that her interface should be simple, well labeled and not require her to hunt for 

the limited amount of data she typically used. 

The perceptions and interpretations of her work and job that comprise Terry's 

outer environment are populated by her own life and college experiences. However, to a 

substantial degree it is affected by her interpretation of a student's abilities and needs 

before and during an advisement session. As I observed, these factors contribute to a 
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model pattem as discussed in Schon (1984), where she has an interest in a students' well-

being but will not permit herself to tell him or her what to do. 

The administrative and procedural rules that comprise the inner environment of 

Terry's advisement job were seen to be limited to very few demographic and academic 

data accessible on several different screens in the mainframe database. Printouts of these 

screens helped me to constmct a task analysis of Terry's advisement job. Findings like 

this did not appear to contribute directly to the design of a leamable software's interface. 

Her computer use during advisement was very limited and heavily dependent on the 

unpredictable criterion of her prior and developing knowledge of her advisee. From this, 

it appeared that my interface might best be designed to heed the familiar urgings of a 

police officer at the scene of a medical emergency-to get out of the way and to "give 'em 

air." Such a design would make provision for Terry to find what she needed quickly 

(perhaps on a single computer screen) and not to offer any computer help system or other 

distractions that might complicate her concentrated work style and personalized approach 

to advisement. 

Lucy 

As described above, Lucy is the most computer savvy person in this workgroup. 

Her competence and degree of comfort with computers have eamed her the status of 

office expert. Her co-workers' reliance on Lucy in this role is such that the college's 

computer support staff secretly lauds her as one of the reasons why this office's transition 

to the use of networked microcomputers was so smooth. Not only is Lucy the de facto 

computer expert in the office she is also one of the official academic advisors that Terry 

(and others) will occasionally tum to for expert advice. As described in Chapter III, Lucy 

appears to be a detail oriented person who enjoys figuring out new and seemingly 
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complex problems. One of my interests in interviewing and observing Lucy, was to try to 

discover what it is about Lucy-what combination of perceptual skills, interpretive habits 

and methods of operation-that has permitted her to rapidly achieve independence in the 

use of her microcomputer and an administratively complex job. I had hoped that what 1 

discovered could be used to model a way of thinking and way of doing, and that these 

ways could then be incorporated into a computer interface design. 

While computer and administrative knowledge and skills relevant to student 

advisement do not appear to be functionally related (see my phase 1 discussion of Helen, 

below), Lucy makes good use of each of these skills in her academic advisement duties. 

In particular, she has designed her own flat-file database (using a common integrated 

software application) to automate several data processing jobs formerly done by hand. 

This homemade database has become the office's repository for information particular to 

the student data needs of this office that were either inaccessible or difficult to find in the 

university's mainframe database. It has also been adopted by Helen and Jean to assist 

them in performing some of their work. Thus, not only has Lucy been given the role of 

de facto computer expert, it appears that she also spends some working time thinking 

critically about her and her co-workers' jobs and how their efforts may be more 

efficiently expended. In so doing, she has also assumed the role of team leader or, to use 

the medical metaphor, the head nurse in this group who, although still under the control 

of other authorities (usually administrative policy), has influence over how her co

workers perform their jobs. 

Lucy's broad scope of influence in the office is more than superficial at both 

computer and administrative operations. Through our interviews and my observations of 

Lucy at work, I recognized what appeared to be a pattem in how she performed academic 

advisement duties. Where Terry based her advisement related actions on minimal official 
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data and contextual cues (what I metaphorically represented as her sensitivity to critical 

patients), Lucy appeared to incorporate three streams of data input into student 

advisement tasks (a) student needs (similar to Terry), (b) an expert knowledge of the 

university's and college's administrative policies, and (c) loopholes in these 

administrative policies. Lucy later disclosed that (b) and (c) were leamed through her 

experience in this and previous jobs at this university. In terms of the research metaphor, 

to Lucy the computer serves as a medical instmment to assist her in the diagnosis of a 

patient's health. She then inputs these data into her mental computer and works toward a 

diagnosis and treatment of the patient's sickness. 

Her acknowledgment of the first of these data streams was stated matter-of-factiy 

during one of our interviews, "If it were not for the students I would not have a job. 

While this may simply appear to give lip service to the obvious, the spirit in which it was 

stated was supported on many occasions when I watched Lucy work with students. 

During an advisement session with Bonita, a soon-to-graduate senior, Lucy was 

faced with the argument that a standardized test used as criterion for teacher certification 

is racially biased and as a result, impossible for Bonita to pass. Lucy later told me that 

she knew this particular issue was well beyond her duties as an academic advisor; 

however that she also believed the student needed help. Without any official capacity, 

training or materials to assist Bonita, Lucy produced a campus telephone book, wheeled 

her office chair over to Bonita's side and proceeded to look up and jot down the phone 

numbers of several university offices Bonita might contact for assistance in preparing for 

the test. Despite an issue that was admittedly not her job to resolve, Lucy endeavored to 

provide what guidance she was capable of giving. What might have been a fmstrating 

situation for both parties was instead met with ingenuity and respect for this student's 
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question and needs. Lucy later admitted to me that she enjoys situations like this, that 

confront her with unfamiliar problems or novel situations. 

Another data I found to support Lucy's commitment to student needs was (and is) 

her regular practice of working nights during the first week and mid-semester week of 

each semester in addition to her normal 8:00 AM to 5:00 PM hours. She offers these 

extended hours as a service to her non-traditional students who work days and attend 

night classes. She explained that "because I require them to give paperwork to me, it's 

only fair that I accommodate their schedules." Lucy confided that her colleagues 

...are telling me that I'm stupid, that they [students] could make arrangements to 
get in here. But I think that they deserve it from me. If I know they're coming, 
I'll usually order a copy of their transcript too, so they do not have to stop and pay 
for one just for me. 

Her rewards are not just intrinsic however. She offered that "some of 'em tell me how 

much they appreciate evening office hours. I'm always dragging at the end of the week, 

and my kids hate eating TV dinners for five days, but I think it's worth it." 

Lucy's empathy toward student needs may be rooted in the fact that she, both of 

her children and her spouse have been diagnosed with leaming disabilities. However, 

instead of expecting that special accommodations be made, she approaches these 

conditions with the attitude of "If I can't do it this way, how can I do it?" Telling how 

her children consistently achieve high scores in school, she describes a contempt of 

people who refuse to "give my kids a chance. / know they can do it and they know they 

can do it. It really makes me mad when someone refuses to let my kids work it out for 

themselves! Just because it doesn't follow the teacher's mles!" She appears to have 

taught her children to use their own self-monitoring cybemetics to constantiy search for 
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options. She implicitly modeled this same strategy for Bonita by locating the phone 

numbers of administrative offices that could help her to accomplish her goal. 

Although all of her colleagues consider Lucy an expert at her job, she maintains a 

crib sheet of notes, reminders and codes for accessing and interpreting data in the 

mainframe database. She explained that despite her mastery of the job of advising, she 

still requires such a job aid (Snelbecker, 1993) to perform to her own standards. It was 

Lucy's own recognition of her shortcomings that prompted the creation of this crib sheet, 

"I need that [sheet] to help me remember some of the computer codes that I do not use 

very often." On this point, Lucy and Terry share a similar attribute with many other 

office workers (Carroll, 1984, 1990, 1992), namely, that knowing how to use some of the 

"tools of the job" is subordinate to knowing how to do the job itself 

Sometimes Lucy's effort at treating student problems is halted by the boundaries 

of university and state administrative policies. She told me "There are our mles, and 

there are their mles. Our mles we can bend,... but if a student wants or thinks they need 

to do something that [the administration] does not allow, there's nothing I can do except 

explain it to them." She smiled and added, "And they're usually understanding about 

that stuff. Usually." As an example of this, despite her desire to help, Lucy was unable 

to waive Bonita's requirement for passing a certain standardized test. However, feeling 

that she could still offer assistance, she used her knowledge of the university's 

administrative hierarchy and invoked her strategy of searching for optional courses of 

action. 

Another example of Lucy's recognition of administrative limits occurred when 

Carol, a non-traditional post-baccalaureate student visited Lucy to discuss her degree plan 

and progress toward a teaching certificate. After reviewing Carol's transcripts on one of 

the mainframe computer screens, and without referring to any job aids, she told her that 
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very few of her classes were transferable to Carol's desired area of study. Lucy then 

hesitated only briefly before offering an altemative plan that, although not exactly what 

was desired by Carol, would allow Carol to complete her degree with less difficulty than 

that delineated by the "official" certification plan. As before, Lucy was able to reach this 

prescription without referring to any job aids. However, upon disclosing the altemative 

plan as an administrative loophole, Lucy wamed that "I don't know how much longer 

[the state teacher certification board] will allow you to do this, so you have to decide 

soon." Thus, though Lucy's desire to help is occasionally stymied by administrative 

policy, she openly advises students of unofficial means for achieving their goals. 

When I asked her if this was due to a desire to beat the system she replied in a 

way that belied her cybemetic strategy, respect of administrative mles and (like Terry) a 

desire to help the student make a good decision for themselves. 

No, mles are mles, but I know what these kids are trying to do, and some of them 
are giving up a lot to come back to school. Instead of just telling them 'you can't 
do that' I look around and try to give them as many options as I can. I can't 
decide for them, or work miracles but I can help them to help themselves. 

Thus, instead of working as an EMT might, to treat the symptoms (as I classified Terry's 

advisement strategies), Lucy appeared to delve deeper to identify possible causes of the 

disease. Although she is sometimes prevented from addressing the sickness directiy, she 

attempts to use her cybemetic strategy and her knowledge of administrative policies to 

suggest altemative treatments. As such, Lucy might therefore be characterized as a 

doctor working in an out-patient ward of a hospital. Patients walk-in and Lucy uses her 

professional training, personal values and self-taught skills to assist each patient. 

Supporting my characterization of Lucy's self-taught cybernetic skills, I observed 

her actively working to constantly refresh and update her mental database during 
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advisement sessions. Instead of limiting her use of the mainframe computer and her own 

personal computer database to the beginning of each advisement session as was Terry's 

habit, Lucy's style was to address a continuous stream of questions to the student, 

followed by quick checks and verifications of data at the computer screen. On one 

occasion, I watched as she appeared to go in circles referencing the same four mainframe-

database screens several times while working with an undergraduate student. At the end 

of this session, I quizzed Lucy about what I had seen and she replied that she was aware 

of what she was doing as she tried to track down a hunch. Along the way, each screen 

she viewed changed her original hunch a little bit. Each iteration through the database 

helped her to refine the problem and zero in on an eventual solution. 

This style of work where an ill-defined (Simon, 1984) problem is gradually 

refined, is consistent with that observed by Carroll (1992) in his study of computer using 

office workers and other researchers who have studied the process of design (Simon, 

1984). Like Terry, Lucy's advisement strategy appeared to remain student centered, but 

owing to her knowledge of administrative policies and loopholes she was more able than 

Terry to analyze student symptoms and to gradually fine tune her treatment. 

Like Terry, there were regularities in how Lucy performed her work, but I 

deduced nothing explicit in the ways she perceived, interpreted and performed her work 

that suggested how best to represent a software interface that would be easy for her to 

leam. 

Helen 

Like Lucy, Helen holds professional credentials as an academic advisor. 

However, unlike Lucy's characteristic blend of technical and administrative savvy, 

Helen's work related methods rely on established and reliable practices that she has 
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learned and refined over time. As an example, she described how she has used one form 

for over ten years and anticipates that she will keep it around for some time. Under my 

medical metaphor, Helen appears as a country doctor who is comfortable with treating 

her patients in the same tried and tme methods she has always used, preferring not to use 

any new fangled modem technology unless it does its job in a way that Helen believes is 

worth the trouble of leaming it. 

As with Terry and Lucy, I interviewed Helen and observed as she conducted 

advisement sessions. In addition, I visited an orientation session that Helen offered to 

incoming first year students and their parents. I chose to attend this session because of 

something Helen suggested during one of our interviews—that she approaches her 

advisement duties as a teacher. In this role she described how she tries to meet with all of 

her student advisees early in their college career and then at intervals throughout their 

studies, until graduation. Her rationale for this strategy is so she can "start showing them 

the ropes early, then gradually pull away. I expect that they'll do more of their own 'self-

advising' at the end [of their college career]. I check and make sure they're doing things 

right, but I want them to be more self-sufficient." Helen shares this desire to instill self-

sufficiency with Terry, who, despite her "model F' behavior voiced one day: "they can 

make their own decisions, I just try to show them what they can do." In terms of my 

medical metaphor, this desire to have students be responsible for themselves may also be 

represented metaphorically as a doctor teaching her patients to practice "preventive 

medicine" in order to avoid future sickness or emergencies. 

During the student orientation session that I observed, Helen distributed several 

handouts to the nearly twenty incoming students and their parents and had written some 

notes on the lecture hall's chalkboard. From my vantage point in the back of the room, I 

watched as she first distributed her handouts and then as she paced up and down the aisles 
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refemng to the Xeroxed pages while describing the process of selecting and registering 

for courses. This lecture style of presentation supported my earlier interpretation that she 

perceived her role as advisor to be (at least partially) instmctional. 

In one-on-one advisement sessions, Helen's habit was to pull the student's paper-

file from a long row of metal file cabinets in her office, before sitting down with him or 

her. After collecting these materials, she worked through the student's questions one by 

one, explaining what she was doing, prompting for verification of the student's 

understanding and asking for any missing information. Her use of papers from the 

student's files is similar to her use of the Xeroxed pages in the orientation session 

described above and to a teacher's instmmental use of instmctional media (Heinich et al., 

1996). Also, as a teacher reminds students of upcoming homework assignments, at some 

point during most of the advisement sessions I observed, Helen would remind students of 

upcoming deadlines for preparing or submitting materials for student teaching, graduation 

or some other academic milestone. Much more than either Terry or Lucy, Helen 

appeared to made an effort at trying to teach her students by way of modeling and 

encouragement to take responsibility for their own academic careers. While I did watch 

her in advisement sessions where she reacted to students' problems as if treating a 

disease, Helen appeared to preferentially offer preventive medicine in the form of 

teaching her advisees to take care of themselves. 

Another noticeable difference between the ways that Terry, Lucy and Helen 

conducted advisement sessions was that while the computer was a requisite instrument in 

Terry's and Lucy's work, Helen would frequently not refer to the computer at all during 

an entire advisement session. Her simple answer to my question about this was, "There's 

nothing I need on the computer. Sometimes I do need to look up something, but most of 

the time all I need is in the [paper] file." Helen explained further that "there are so many 
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things that are still on paper-this 'paperiess office' that they talk about, I don't think it's 

ever 'gonna happen you know... It just can't, not with the way we work now!" While 

Terry and Lucy did make use of paper files in their advisement tasks, they did not rely on 

them to the extent Helen did in her advisement practices. Despite this, Helen is not a 

luddite. She serves on a committee that is planning for the implementation of a new 

database to be accessible from the university's mainframe computer. She looks forward 

to the implementation of this database and contradicts her doubts over the paperless 

office by saying, "I can't wait until we get that [database], it's gonna be sooo easy! It's 

gonna do away with all those filing cabinets!" 

Instead of using it as an advisement tool, Helen's use of her computer appears to 

hinge on how much time and effort the software will save her. For example, she 

automated the tedious process of preparing mass mailings through the use of mail-merged 

databases of student addresses. In this application, the time and effort saved by using a 

computer far outweighed that spent learning. This "Missouri-an" outlook of requiring 

proof of a computer's worth before adopting it appears to be a substantial part of Helen's 

overall philosophy. She is not adverse to computers, but prefers to maintain status quo 

unless she is convinced of the need to change. 

Like her colleagues, Helen also maintains a set of crib notes to assist her in using 

her computer. These job aids (Snelbecker, 1993) were kept in her desk drawer and thus 

not displayed as openly as were Terry's or Lucy's, and they appeared to be more 

procedure oriented as lists of instmctions to help her to perform computer tasks. Her 

colleague's job aids were dictionary like, defining individual codes for accessing or 

interpreting data from the mainframe database. Like her colleagues, these aids are 

evidence that although she is expert at her job, the use of a computer to assist her in 

performing that job required extra help. 
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The conditions under which I saw her use the computer in advisement sessions 

were typically those requiring her to revise data in either the mainframe computer 

database or in the database created by Lucy. For example during an advisement session 

with Deborah, a senior undergraduate student, Helen needed to update her address before 

a mailing could be sent. In this instance, Helen's use of the computer was not in reaction 

to a student's need but in preparation for an upcoming event. In terms of my medical 

metaphor, Helen was using the computer to administer a booster shot with the intent of 

preventing a later sickness. 

As was the case with Terry and Lucy, I was puzzled how I could use what I 

leamed about Helen as I attempted to design an easy-to-leam microcomputer interface. 

In addition to this, my task was made more confusing (and fmstrating) by the apparent 

need to convince her that it was even worth leaming! 

Jean 

The parts of Jean's job that are included in this study are very different from those 

accomplished by Terry, Lucy and Helen. Jean does no student advisement of the kind 

performed by her colleagues. Also unlike her colleagues, Jean seldom actually sees the 

students she is serving. Instead, her involvement in this study addresses the task of 

processing student applications for admission to the college. This job is normally 

performed only twice a year, in Febmary and again in October. 

In this job, Jean collects application forms mailed or hand delivered by students 

and processes them according to established criteria. Student applications also contain 

handwritten essays written by each student as a demonstration of writing quality and to 

present an argument for "why I should be admitted to the college." 
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Admission to the college is competitive with room for only 200 new students each 

semester. All applicants who qualify according to established academic criteria are 

accepted into the college. If there are still vacancies, Jean reads each essay individually 

and from them establishes a list of maybes. She described that her criterion for maybe 

status includes life experiences and other tacit qualities. When I pressed for more detail 

on what qualified as good and not good life experiences, Jean told me that as she read 

each essay she asked herself "would I want this person teaching my kids?" Jean indicated 

that her supervisor accepted this maybe list almost without question and forwarded it to a 

committee who had the authority of making final admission decisions. Thus, in this task 

Jean is very literally one of the gatekeepers that students must pass before they may ever 

meet Terry, Lucy or Helen. 

In the process of performing her admissions processing job, Jean's function is 

actually twofold: first, to cull the list of applicants and second, to enter demographic and 

academic information into Lucy's homemade database and the university's mainframe 

database. In terms of the medical metaphor, Jean acts like a waiting room nurse to collect 

basic data from a patient. If the patient is admitted, these data are needed and will be 

used by an attending physician (Terry, Lucy and Helen) later. 

These data are not only used by Jean's colleagues, however. She herself uses 

them to prepare reports tabulating applicants by several different demographic and 

academic criteria. These reports are then distributed to the college's administration and 

to other colleges in this university. Additionally, she uses the mail-merge feature of 

Lucy's database to print mass mailings that are distributed to all of the college's students. 

These announcements support some of the daily administrative work performed by Lucy 

and Helen, and are indispensable in sustaining Helen's preventive medicine policy by 

letting students know when some of Helen's paperwork must be filed. Thus Jean 
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provides much needed support to Lucy and Helen, in the same way as afforded to doctors 

by a hospital's front office or nurse's station. 

Like Terry, Lucy and Helen, Jean acts with autonomy in most of her daily duties. 

By this I mean that although she works under an associate dean and takes instructions 

from him, she performs many of her assigned tasks without his direct supervision. Also 

like her colleagues, she appears to have a strong desire to do it right and to treat everyone 

equally. Because she is the newest member of this office's staff, however, she is not as 

familiar with many of its policies. As a result, when necessary she will consult with her 

associate dean or one of her colleagues regarding proper administrative policy. 

An early indication of this philosophy came in the answer to my question about 

establishing maybes. She said that although she reads each student's essay from the 

standpoint of a concemed parent, she also is aware of her own potential bias, "Even if I 

do not like the way they said something (in the essay), they may tum out to be a great 

teacher. I try to understand what they mean, not just what it says." Also like Lucy she is 

very pragmatic about the weight of her personal code in performing this job and readily 

subjugates it to the mles. To students who must pass gatekeeper Jean, this self-

monitoring activity and egalitarian philosophy are perhaps her most important qualities. 

Jean is also like her colleagues in that she has prepared a set of job aids 

(Snelbecker, 1993) to assist her. However, her job aids are much more elaborate and fill 

a 3-inch thick, 3-ring binder she calls her black book. This black book is much more 

detailed than her colleagues' cheat sheets and is perhaps more relied upon, as I found out 

when I borrowed it to make copies for this research. I neglected to retum it to her 

promptiy and upon entering my office early one moming, found a note reading "Don, I 

NEED my black book!!" Thus, although she is independentiy responsible for performing 
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her job(s), she is like her colleagues in that she relies on this self-prepared set of crib 

notes to assist her. 

This dependence on an external job aid was a noticeable difference between the 

way that Jean and her colleagues performed their jobs. Where Terry, Lucy and Helen 

needed to be very attentive of their patients' needs as they administered treatments, Jean 

relied more fully on established policy to perform her work. Because she limited the 

degree in which her personal perceptions and interpretations influenced her job, I relied 

on the official documentation (Bogdan and Biklen, 1992) of her black book to inform the 

design of a microcomputer interface that would both help her to learn how to use it 

without direct instmction. 

Qualitative Data. Common Themes 

A universal theme underlying the student advisement activities performed by 

Terry, Lucy and Helen was that they were there to assist the students. Each of the three 

had different ways of perceiving, interpreting and responding to the needs of their student 

advisees. Because of this, and because each student's needs were different, the actual 

practice of diagnosis and treatment in providing academic advisement differed sharply 

between Terry, Lucy and Helen. 

Because Terry has no formal preparation for performing academic advisement, 

her advice was usually based on her perception and interpretation of the student's needs, 

from a caring perspective, not on administrative policy. 

Lucy's job practice was based on her mastery of administrative policy and her 

own experiences of needing to find options. Unlike Teny's rapid triage and treatment of 

a student, Lucy's diagnosis and treatment was a protracted process in which she appeared 

to investigate many different options before resolving a prescription. Lucy appeared to 
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establish credibility as an academic advisor through her impressive ability to input an 

advisee's many administrative, academic and emotional needs into her mental computer 

and output objective and appropriate treatments. 

Helen's performance of academic advisement is influenced by her many years of 

experience in academic support roles. Although she has not worked as an academic 

advisor for her entire career, she is an accomplished improviser where familiar (and in 

some cases, well wom) tools are adapted to fit new needs. A new tool like the computer 

and unfamiliar software are not ignored but Helen requires proof that they will assist her 

in the performance of her job. While Helen is capable of treating critical patients in her 

office, she appears to prefer a preventive medicine strategy of planning ahead to avoid 

problems. She is willing to put in extra time in this planning effort if she believes it will 

shortcut problems later. 

Jean fits in with her colleagues in terms of her compliance with administrative 

policy. In support of this is evidence that she readily seeks assistance in following the 

mles whenever she is not certain of the right way to do something. However, like Terry, 

Lucy and Helen, this constraint appears limited to tasks that impact students directly. 

Evidence to support this appears in her creation of an elaborate job aid for processing 

student applications, while she felt confident in experimenting (not following the mles, 

etc.) as she taught herself how to use a desktop publishing software application for 

creating a departmental newsletter. However, as with her colleagues, there was very little 

in what I leamed about Jean's personal way of accomplishing day-to-day work that 

suggested how an easy-to-learn computer interface might be designed. 

Overall, the group may be characterized by a very work-a-day, blue-collar attitude 

of getting it done while maintaining a cautious eye on following the mles. Though each 

of them gave examples of when they chose not to follow the mles, these diversions were 

128 



almost exclusively limited to activities where the result could not impact students in a 

negative way. In terms of my medical metaphor, this may be characterized by a nursing 

attitude where help is offered, but where a nurse will avoid helping "at all costs" and 

possibly becoming "typhoid Mary" where the desire to help oversteps the proper 

treatment of patients and their needs. 

Needs Analyses and Task Analyses 

While I found that each of my research participants had different philosophies 

surrounding their reasons for accomplishing their jobs as they did, they nonetheless 

shared a compliance with administrative policies in the actual performance of much of 

their work. These consistent working practices were used as data in performing needs 

analyses and task analyses (Gagne et al., 1992) to operationally define the processing to 

be performed by the research software. These in part encompass the inner needs of these 

tasks and served to establish "correct" functioning of the research software. 

When conducting student advisement, Terry, Lucy and Helen tended to seek 

certain common data. The existing mainframe database often required that several 

screens be accessed serially so they could collect these data and compile them into useful 

information. Terry typically glossed the mainframe database only briefly to ostensibly 

increase her time with a student as patient. Lucy commonly looped through several 

screens in rapid succession during the performance of her data search before diagnosis, 

and although she seldom used the computer, even Helen referred to common items of 

data as she referenced a student's folder. Thus, in designing a new database for their use 

it would be perhaps helpful that as many of these common data as possible should be fit 

onto one screen. In so doing, the database design would mechanically reflect and perhaps 

facilitate their style of work. Tables 4.1 and 4.2 represent the chunks of data typically 
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used by Terry, Lucy, Helen and Jean in their normal style of work, in terms of the tasks 

of interest to this research. 

Phase 1. Design Recommendations 

In the interest of discovering work and job related symbols and methods in the 

practice of student advisement and admissions processing, I had hoped to recognize a 

consistent set of perceptions, interpretations and methods in the way these four workers 

interacted with microcomputers in the course of their work. What I discovered was that 

this group of office workers shares a common reason, but that each member has different 

ways of accomplishing her tasks to uphold that reason. Above, I used a medical 

metaphor to help stitch together each research participant's individual methods for 

accomplishing her work as it relates to this study. The metaphor frames each of the four 

research participants as emergency medical personnel, each with different specializations, 

skills and degrees of expertise. 

As an EMT reacts to the needs of a patient, Terry, Lucy and Helen reacted to the 

needs of their student advisees as they accomplished minute-to-minute acts in the task of 

academic advisement. As described above, each student's needs were different, and each 

of the research participant's ways of perceiving, interpreting and reacting to these needs 

was different. 

Thus, without a unified set of methods supporting their job related actions, I 

appealed to existing research and the design studies of Carroll (1990) in which he 

suggests that "with some idea of what leamers are doing, or trying to do, and why, we 

have the chance to address more effectively the problem of designing equipment and 

instmction to support them" (p. 77). Carroll continues that this knowledge does not 

necessarily help us to solve design problems, rather it helps to better define the problem 
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we are trying to solve. Other researchers in the design sciences conclude that defining a 

design problem is one of the most important factors in reaching a successful solution. 

(Simon, 1984; Pirolli & Berger, 1994). 

Similarly, while phase 1 findings do not directiy contribute to the solution of the 

problem of designing easy-to-leam software, they do contribute toward a better 

understanding of what Terry, Lucy, Helen and Jean are trying to do, and why they are 

doing it in that way. With this, the design process changes from trying to build an easy-

to-learn system into the software, to one that attempts to support (a) what the research 

participants already do and (b) in the way that they do it. In terms of the goals of this 

research however, the effective result is the same, to incorporate outer factors of a 

person's perception and interpretations of context into the design of software that they 

may leam without being explicitiy taught. 

Use of the Research Metaphor to Design an Easy-to-Leam Interface 

Because I characterized the way they do it as an emergency medical procedure, I 

had the idea that the research software could be designed as a piece of medical 

equipment. With this in mind, I inspected the design of several home-medical-machines 

hoping to find a control panel interface that offered some applicability to my design 

problem. As an example, I examined an oxygen pump for delivering bottied oxygen to 

home-bound patients. A good description of the control panel for this device is: big 

labels, bright colors. Impressed by its simplicity and followed by the curious stares of 

store personnel as I sketched its design, I left with only a confirmation of the universal 

applicability of standards of good graphic design including high legibility, good contrast 

between labels and background colors and an overall visual balance in the design 

(Horton, 1991, 1994; Tognazzini, 1992; Heinich et al., 1996). Over these design 

131 

^ 



elements and as Carroll (1990) suggests, a better understanding of what these workers are 

doing, and why, in conjunction with the medical metaphor, did in fact contribute to the 

abstraction of criteria that might contribute to the design of a software that the research 

participants could leam to use easily. These criteria are described below. 

Design Criterion 

Emergency medical personnel are required to be able to use relatively common or 

standardized procedures in unique or uncommon combinations to address problems that, 

although known about, could not be foreseen. As a result, their tools must be flexible and 

simple enough to permit use in various contexts. Similarly, Terry, Lucy and Helen are 

not certain what will need to be done until a need emerges in the context of an 

advisement session. Therefore, a computer interface that permits my research 

participants to leam it without explicit instmctions must supply a set of tools that permits 

them to seek and find data to satisfy these emerging needs quickly and without confusion. 

Thus based on my phase 1 data analyses as framed by Carroll (1990) and my 

research metaphor, the first criterion resolved for the research software was clarity of 

purpose. Each button, database field, menu and listing had to be easily and positively 

identifiable at a quick glance. To accomplish this, labels and markings on interface 

features could be designed to reflect the research participants' formal and informal 

terminology as represented on official documents (recall Helen's tried and tme paper 

forms, Jean's black book and Terry's and Lucy's use of the mainframe database screens) 

and as indexically (Garfinkel, 1967; Suchman, 1987; Coulon, 1995) spoken during 

student advisement sessions and our interviews. By incorporating familiar terms, I hoped 

to make this unfamiliar software more familiar through the use of words and symbols 

they were accustomed to. 
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Table 4.1. Chunks of data used in student advisement tasks. 

"Chunk" Contents of the "chunk" 

Personal data* 

Address data 

Test scores* 

Academic GPA's* 

College grades 

Transfer credits and grades 

Teacher certification data 

Administrative "holds" 

Social security number, name, local address, local 
telephone, academic major, college the student is 
attending. 

Local street, local city, local state, local zip, local 
telephone, permanent street, permanent city, permanent 
state, permanent zip, permanent telephone. 

Reading, writing and mathematics scores 

Current and cumulative averages 

College GPA, quality points and quality hours 
Transfer GPA, quality points and quality hours 
Total GPA, quality points and quality hours 

Transfer activity no., college code, hours accepted, 
transfer grade, quality hours, quality points, begin date 
(of work in this college), end date (of work in this 
college), term that credit is awarded, historical transfer 
credits (tabulated). 

Eligibility status, certification status, term accepted into 
the teacher certification program, certification areas 
sought, term that degree plan was filed, date certification 
was completed, historical certification data (tabulated). 

(a list of university departments who may have a "hold" 
on this student's records due to traffic fines, late tuition 
or fee payments) . 

* Indicates data that may be used in various contexts of student advisement. 
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Table 4.2. Chunks of data used in admissions processing tasks. 

"Chunk" Contents of the "chunk" 

Personal data* 

College grades 

Test scores 

Teaching fields sought 

Certification level 

Social security number, name, local address, local 
telephone, academic major, college the student is 
attending. 

College GPA, quality points and quality hours 
Transfer GPA, quality points and quality hours 
Total GPA, quality points and quality hours. 

Reading, writing and mathematics scores. 

First choice, second choice. 

Early childhood, elementary, secondary, vocational, all 
level. 

Additional and exceptional Jean's "personal" interpretation of student's essay. 
criterion 

Admissions status 

Administrative memos 
(printing capability) 

Administrative reports 
(printing capability) 

Accepted, conditional acceptance, denied. 

Mailing labels for all applicants, "mail-merge" form 
letters to all applicants, interdepartmental memos, public 
school and community college academic advisors. 

Report listing applicants by "major," report listing 
applicants by "teaching field" (see above), report listing 
admitted, conditional, and denied students by teaching 
field and certification level (called "specialization" by 
Jean). 

* Indicates data that may be used in various contexts of admissions processing. 

Second, as an EMT would have to collect sets of physical data to deduce useful 

information, task analyses disclosed that advisement and admissions processing data were 

typically used in chunks. For example, Teny consistentiy checked a student's 

demographic and transcript data immediately upon commencing an advisement session, 
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suggesting that these two items should be either on the same screen or close neighbors in 

the software. The interface could be designed to reflect the hierarchical "structure " and 

"chunking" of data that I observed Terry, Lucy and Helen performing on a regular basis. 

Tables 4.1 and 4.2 delineate this chunking tiiat would be reflected in the research 

software. 

Third, data are typically needed to identify and diagnose a patient's illness. While 

Terry preferred to collect all her computer information up front, Lucy had a definite habit 

of using the computer intermittently to refresh her memory or to add new data to her 

mental computer. Thus, for Lucy, the design should support meandering or browsing 

through the database. The interface design should permit an ease of maneuvering that 

would not clutter its user's short-term memory with mnemonic keystrokes or menu items. 

Fourth, because Helen was seen to seldom use the computer in advisement tasks, 

and Jean would conceivably use her portion of the software only twice a year (albeit on 

repetitive tasks that may be rote leamable), the interface had to be easy to "releam" after 

long periods of disuse. As noted in the first design criteria above, to satisfy this need 

each item in the computer interface should be clearly labeled using familiar and easy-to-

interpret language and symbols. This releaming criterion is directly related to the first of 

these design criteria, clarity of purpose. If the first is achieved, it may be expected that 

the fourth will be achieved also. 

These design criteria are similar to those resolved by Carroll (1984, 1990, 1992) 

as he worked to develop minimalist computer documentation and training systems. In 

this work, he sought to determine how one could best prepare training for tasks that are 

common at a macro perspective but uncommon at a micro perspective. For example, 

though an office worker may commonly perform episodes of word processing (macro), 

the way in which each episode is accomplished and the contexts under which they are 
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accomphshed change from episode to episode (micro). Carroll (1990) concluded that 

learning was instmmentally related to the context of need. Since he determined that the 

context could not be predicted a priori, he could not create systemic (Dick & Carey, 

1985; Gagne et al., 1992; Snelbecker, 1993) training programs and so satisficed (Simon, 

1984) his instmctional strategy on providing leamers with "mind sized" (Papert, 1980) 

chunks of information that could be used to perform one small component of the task to 

be leamed. It was then up to his leamers to determine the order in which these mind-

sized tasks were combined to complete a given task. In a similar way, my research 

software could combine chunks of data (Tables 4.1 & 4.2) that the research participants 

were seen to frequently use. 

The primary design criteria indicated above were condensed into three objectives 

to prepare an interface that would enable my research participants to: 

1. Correctly interpret the function of individual components of the software. 

These interpretations were to be instmmentally connected to the indexical and reflexive 

(Garfinkel, 1967; Suchman, 1989) nature of advisement and admission processing, and 

the chunks of data typically used in these tasks. This design objective also addresses the 

criteria of permitting the computer user to releam how to use the software after periods of 

disuse. 

2. Reflect their "style of work" by "chunking" commonly needed data onto 

single screens. In some cases, data was available in several locations in the software 

when it was used in more than one "chunk." 

3. Maneuver freely between the many available screens contained in the 

software. This freedom of movement was aimed at allowing the research participants to 

perform tasks in ways demanded by their individual perceptions and interpretations of 

context and student needs. 
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Phase 2. Tmplementafinn 

At the conclusion of phase 1 data collection and analysis, I began incorporating 

the four design criteria into the development of the research software. The tools used in 

this job permit a software designer/programmer to create the human-computer interface 

by choosing components from a software toolbox and customizing them directiy on the 

computer screen (Microsoft, 1993; FarPoint, 1994a, 1994b). Because of my ability to use 

these tools to draw the interface directiy on the computer, the evolution of the research 

software's interface design proceeded concurrently with its programming. 

Qualitative data analyses (as presented above), and task analyses and needs 

analyses (as reflected in Table 4.1 & Table 4.2) from phase 1 were incorporated into the 

design and development of the research software during a three month period in the 

summer of 1995. 

"Satisficing" the Design: Disagreement with Simon 

According to Simon (1984), the act of designing is not one where optimal 

solutions can be reached. Instead, the designer tries to achieve a best fit in solution to the 

extant problem. This design satisficing (satisfy-suffice => satisfice) is exemplified by 

Hughes et al. (1994) in their redesign of the London air traffic control (ATC) system. 

In this design activity, Hughes et al. concluded that, although some tasks could be 

mechanically optimized by a computer program to automate small tasks, doing so would 

reduce a redundancy needed by its human operators to maintain the overall safety of the 

air-traffic control system. Since safety was determined to be of substantial value, the 

design was satisficed to maintain safety while giving up on some aspects relative to 

mechanical optimization. Hughes et al. suggest that an engineering approach to problem 
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solving, kin to Simon's (1984) optimal design, would have attempted to computerize all 

tasks without an explicit consideration of what it would do to the human component of 

the ATC system or to the system's overall safety potential. Hughes et al's. (1994) 

argument is that studies contributing to design must account for outer factors ancillary to 

discrete system operation, as well as inner or task-specific factors. 

In response to criticisms potentially aimed from Simon's optimal versus satisficed 

design taxonomy, Hughes et al. (1994) appear to have reached a design solution that was 

satisficed only when considered from an "engineering" perspective-where everything 

that could be automated, should be automated. However, when viewed in terms of the 

entire London ATC system, including its human employees and its safety record, their 

solution was perhaps optimal. Nonetheless, their argument is that studies leading to 

design decisions must account for "outer" factors ancillary to discrete system operation as 

well as the system's "inner" or task specific factors. Such a perspective suggests that 

Simon's (1984) focus on optimization of designs is too narrow for practical use in 

evaluating design decisions. 

In a similar way, design decisions affecting some components in the research 

software were made in favor of the user's outer needs at the expense of automating 

individual task specific procedures. In other situations, design decisions had to be in 

made to accommodate limits of the development tools or my research participant's 

computer equipment. In one case, the way "chunks" of information were represented on 

individual screens had to be modified due to limits of screen space. Subsequent cognitive 

walkthrough analyses indicated that the resulting re-design was less "leamable." As will 

be shown below, the follow-up re-redesign proved to be a good compromise, permitting 

the research participants to successfully leam how to use it. 
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Designing to Avoid the "Paradox of Sense Making" 

Carroll (1990) describes a problematic situation faced by any individual who 

desires to leam some new skill or knowledge. 

The key obstacle is the paradox of sense making; to learn, they must interact 
meaningfully with the system, they must first learn. The various learner problems 
follow from this fundamental mismatch between the instmctional design and the 
leamer's orientation to the instmction. (p. 77) 

In other words, a student cannot learn until he or she has acquired some knowledge about 

the system. By connecting the unfamiliar system to one already known, the leamer can 

begin to interact meaningfully, and experience feedback from the system. The learner 

then compares this feedback with what was expected and begins to model the new 

system's function. Cognitive scientists refer to this as scaffolding where a learner uses 

prior knowledge as a scaffold to build onto existing knowledge stmctures (von 

Glasersfeld, 1995, p. 8). von Glasersfeld (1995) further defines this notion of scaffolding 

to say that a leamer never intentionally tries to leam everything about some topic. 

Instead, she or he seeks to acquire and understand just enough to solve the perceived 

need. 

The current vogue in computer interface design is to use metaphors (ostensibly) to 

help a computer user scaffold on prior knowledge to understand how the software's map 

relates to the ground of its purpose (Horton, 1991, 1994; Tognazzini, 1992). However, 

scholars of semiotics argue that metaphors may not be objectively interpretable, even by 

expert interpreters (Barthes, 1977; Pierce, 1985). Research on the inconsistent 

interpretability of computer icons and metaphors concludes similarly that computer users 

are as often confused by interface metaphors, as they are assisted by them (Gait, 1985; 

Bloomberg, Karlan & Lloyd; 1990; Byme, 1993). 
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To help computer users leam, Carroll recommends that support should "present 

the smallest possible obstacle to leamer's efforts" (p. 77). To this end, if the use of 

analogies and metaphors cannot guarantee overcoming a "paradox of sense making," then 

research toward developing leamable software must posit another solution. 

Applying the Passive-Leaming-Support-Svstem (PLSS). Findings from research 

with die Passive-Leaming-Support-System (PLSS) (Winiecki & Ahern, 1994) suggest 

that the application of verbose labels onto computer interface controls may potentially 

provide this kind of solution. PLSS labels are a modification of Carroll's "mini-manuals" 

(1984, 1990). Mini-manuals are sets of "how-to" cards that provide guidance in 

performing a computer process specific to some job-related task (Carroll, 1984). Carroll 

designed mini-manuals to support the kinds of self-directed leaming behaviors that he 

observed most frequently among computer users (1984, 1990). First, to allow computer 

users to get started immediately on meaningful tasks (avoiding decontextualized 

training). Second, to reduce the amount of time computer users spend on "training 

activities" (increasing productivity on meaningful tasks). Third, to help computer users 

understand and recover from errors more easily (leaming from mistakes). 

The PLSS modifies Carroll's mini-manuals by applying verbose instmctions 

directly onto the human-computer interface (Winiecki & Ahem, 1994). By adding PLSS 

labels directly onto the computer interface, guidance is provided in the same visual 

context as the computer bound task. Providing this kind of contextual support taps into 

constmctivist ideas of exploratory leaming (von Glasersfeld, 1995; Norman & Spohrer, 

1995) by allowing computer users to read applicable PLSS labels to assist them in 

applying current skills and knowledge of both computer use and the task to be performed 

to their present situation; without forcing them to undergo training, refer to printed 

instructions, on-line help systems, or other support materials (Winiecki & Ahem, 1994). 
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In this way, the PLSS also fights against the "production paradox" (Carroll & Rosson, 

1987; Rosson & Carroll, 1995) where computer users want to produce meaningful results 

of computer work, but are instead expected to undergo some "predetermined amount or 

period of training" (Rubin, 1994, p. 19) prior to achieving practical facility with their 

computer tools. 

Therefore the research software avoids the use of common interface metaphors 

(Apple, 1987; Microsoft, 1992) in favor of PLSS labels identifying the purpose and 

meaning of each part of the research software. PLSS labels were incorporated into each 

screen, dialog box, control and error message of the software to help research participants 

interpret the purpose, meaning and use of each component of the software. In particular, 

PLSS labels were written to (a) use familiar and indexical speech or terms that were used 

in their context of work, and (b) supply information to the users, to assist them in 

leaming: 

1, what the interface control is using the research participants' own terminology, 

2, how to use it using the research participants' own terminology, and 

3, what to do if an error occurs. 

Each of these bits of support information is included in Carroll's mini-manuals (1984, 

1990) and may be viewed as necessary conclusions of the application of design criteria 1 

and 2, above by describing the function of each component in the interface and 

explaining its purpose in terms of either an advisement or admissions processing job. 

The Research Software 

In the sections that follow, I detail major features of the research software and 

explain how the above design criteria were used to shape its design. Where necessary, I 
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disclose how and why design satisfices were made based on technical limits or cognitive 

walkthroughs. 

PLSS enhanced "log in" screen. Figure 4.1 displays the log in screen seen by the 

research participants when they started the research software program. Terry, Lucy, 

Helen and Jean are accustomed to logging into their computers and to the university's 

mainframe database. For this reason, the need to log into the database manifested by the 

research software was a familiar process, and unencumbered by a "paradox of sense 

making." PLSS labels on the log in screen disclose what it is ("College of Education 

Student Database") and how to respond to it ('"Log in' to the database by..." or "...click 

'Cancel' to quit now."). In the event that the "Cancel" button is clicked, another 

enunciator appears describing what has happened ("Cancel button pressed."), and what its 

result of that action is ("exiting 'Log in'"). Thus the users are "helped" in leaming how 

to use this screen as they use it. 

During phase 1 observations, I also noticed each of the research participants 

experience confusion when they unknowingly pressed a key or clicked a button and 

viewed the result. Carroll (1984, 1990) experimented with a "training wheels" interface 

to prevent such accidental operations. He described how user confusion stemming from 

such accidental operations contributed to fmstration and superstitious conclusions of how 

the software was to be operated. Considering Carroll's research, I designed the software 

to absorb spurious keypresses and avoid the potential for superstitious leaming. 

However, because I observed Lucy and Helen frequently using the "esc" (escape) key to 

abort processes in their existing software, I retained the capability for the software to 

respond predictably to a (perhaps reflexive) pressing of the "esc" key to abort the log in 

procedure. Figure 4.2 displays the enunciator screen resulting from an "ESC" key press. 
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Situating the user: "getting started." When the software completed its "loading" 

operation, the user was presented with the screen depicted in Figure 4.3. This screen 

displays an ornamental "logo" adopted by this college. During phase 1 and phase 2 of the 

study, I discovered that each of the research participants liked this logo. They were seen 

wearing T-shirts and displaying bumper stickers emblazoned with its image. Gait (1985) 

describes how aesthetic factors contribute in a non-quantifiable way to how a software is 

perceived and in turn, accepted by its users. Attaching this logo to the research software 

was seen as a means for helping the research participants "identify with" the software and 

accepting it as a legitimate tool for their use. 

:ge of Education 
7 Student Database 

JOQ in" to the dalabastp by typing your 
USER ID bekjw and clicking "OK." or 

click "Cancel" to quit now. 

&Li 

g^S£ftSSSSSii^^3iSi*!SftSa^&«SiSS3i^^ 

Figure 4.1. PLSS enhanced "log in" screen. 

College of EducdSmfg 
: Student Datamme! 

BSC key pressed, exiting ̂ log^w^ 

Figure 4.2. PLSS enhanced "abort log in" screen. 
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The PLSS text displayed on this screen is intended to explicate a frame (Barthes, 

1977) for perceiving and interpreting the research software, and to suggest a strategy for 

figuring it out. In particular, the second sentence of the second paragraph in the "Getting 

Started" text was taken from a quote from Lucy, that belied her own self monitoring 

strategy; "I would use what I know about [computers] to let me experiment with it, and 

figure it out." The third paragraph in this PLSS text is intended to remind the research 

participants of my researcher-need to hear a verbal protocol (Ericsson & Simon, 1980) of 

their interaction with the software during phase 3. 

Figure 4.3 also displays the only avenue for exiting the research software. The 

obvious label "Quit Using this Program" button was designed without derivation from 

phase 1 findings, but nonetheless was seen as a "safe" design decision. 

College of Education 

> ^̂* \ 
\ " ^^''•^^•i:-^^-^;;^"' ^ 

Wis Data&e 

fwarA} 
Jbf ^5f mng t' ft may tvsp 
mmemb&r what you stready.— 
ymrjcp a/w/ abOiM cmpiMrs.^ 

r^l^^:.%^->- )i^^ •• ^ ^ ^ ^ \ \ i . ^ ^ .;'srWi 

«ifefclli»(>tllt^M " 
^.•.^•inHIMIMMMIIIM^ M 

?^^^ v̂ ^ ^ • ^ ^ ^ ^ ^ • 5 ^ - i ^ ^ 

^i;«if^ K%>>,>'>-CV*^»<!! 

Figure 4.3. "Start & Stop Here:" The "getting started" screen. 
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"Find"ing a student's record. During phase 1 observations, I noted that upon 

conmiencing an advisement session the first computer operation performed by Terry, 

Lucy and Helen was to "find" a student's record, whether it was in their computer 

database, or a traditional filing cabinet. 

Figure 4.4 displays a PLSS label located near the top of each screen in the 

research software. This label "(Start to look for as student's record by clicking the 'Find' 

button at the left.)" instmcts the user how to perform this necessary operation. This label 

and the label on the accompanying "Find" button were colored red in compliance with 

their primary "startup" function and established standards of human-computer interface 

design (Horton, 1994). Horton emphasizes that colors at the red end of the spectmm 

arouse "impulsiveness" (1994, p. 175). Induction from Horton's design standards argues 

that, if anything in the research software's interface should elicit an "impulsive" response, 

it should be the "Find" button—no student advisement or admissions processing functions 

can be initiated without having "found" a student. However, Horton (1994) also cautions 

that the use of red as an emphasis color does not come without other interface design 

considerations. In particular, Horton (1994) recommends that the background color for a 

red symbol should be a neutral color. For this reason, a gray background was selected for 

the entire software's "property sheet" (Edson, 1994) motif 

When the user clicked the "Find" button, they were prompted by the "input box" 

shown in Figure 4.5. This input box is labeled similar to the log in screen, where text 

describes and instmcts how to use it. The computer databases used by Terry, Lucy and 

Helen required them to input a student's social security number when locating a student's 

record, but Helen's filing cabinets were arranged alphabetically by student's last name. 

For this reason, the "Find" input box was programmed to accept either type of data as 

input and labeled to make this feature known. 
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College of Educ; 

( Start & Stop Here 'A^issJoriS, 

ftbr a student's record try clicking the Tmd" btJtto 

' artw^^„^a^ transf^-credl hours from sftidem suppEed transcnp! 

Figure 4.4. "Find"ing a student's record. 

*";;;2^:trwr^^^w!f»ww' : f i—P'^^Coi^magg^ 

Figure 4.5. PLSS labeled "Find" input box. 

Announcing and clarifying errors. Carroll (1984, 1990) recommends that error 

messages be formatted to provide the computer user with information that assists him or 
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her in understanding an error's cause and assists him or her in leaming how to (a) repair 

the error and (b) avoid it in the future. In the research software, PLSS type labels were 

employed to announce errors and provide these three bits of information. 

For example, in the event that a social security number or a name was mis-typed, 

the user would see the error dialog box shown in Figure 4.6. This error dialog box is 

filled with a PLSS label describing the error and how to correct it. Thus the error 

message supplies Carroll's (1984, 1990) required information in providing diagnosis and 

treatment information to the user. This type of feedback to error conditions was 

maintained throughout the research software. 

SbilegeofWucailor) 
^ « « « k ' « ' ^ * \ l « S I # ' •S^JBSRWS*'"* ' 

Slsri &. Si.-io H-ffi AtAnlsstonc Ao'i)S«sm&?; 

n i ^ ClnO tlURttlrli^Ht 

1 ' 

.M student's Record Not Found 

eoBag0 

e No Student names match ̂ sanborn*. 

Ooubic cticck the spellinrj of tlilo sturicnf s name and try A^MH 

OKJ I 

KC3sr -^i-tl.ff* - t i ' - - " 

iTiii 

.\ f J 3 & mhiJ» MtMH /<*. * J 

J . • - • 

- 4 d M i f tan Stimi* (Ciick the apprapnme olue lar' to shew or uroate thi; Ttijdn^s acinisson sutus} 

• Afrif>tpdintuPt(ii]i.>n • Cwi^i: n>.<lAdmi<kSbinAnrepifd • ^'tmis'«KmDenied' 

i l i i i i l i iWi iWi l 

Figure 4.6. Error dialog box containing diagnosis and treatment of the problem. 
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Leaming "New" Standard Computer Features: Cognitive Walkthrough 
Identified Design Problem and the PLSS Solution 

Throughout phase 1 observation and interviews, I was impressed about the 

amount of practical computer knowledge Lucy, Helen and Jean exhibited in the course of 

their work. They were experienced and adept at manipulating files and disks in their day-

to-day work. However, despite this, I noted that they continued to have an incomplete 

knowledge of many "standardized" computer interface controls such as the "drop down 

box" (Microsoft, 1992). 

An example of this occurred one day when Terry asked me for help in changing 

font settings in a word processing document. She had become accustomed to relying on 

the use of "menus" for invoking her computer commands. But on this day she was not 

able to locate a menu item that would permit her to change the font of a selected block of 

text. I watched as she browsed through the software's menus to demonstrate the lack of a 

suitable command. The software she uses for word processing employs a standard 

(Microsoft, 1992) "drop down box" for changing the font of selected text (Figure 4.7), 

but she had never leamed what it was or how to use it. 

Times New Roman 
'it Wide Latin 
'% Wingdings 
' ^ W P Arabic Sihata 
it WPArobicScriptSihafa 
'% WP BoxDrawing 
' ^ WP Cyrillic^ 
'it WP CyrillicB 

Figure 4.7. "Standard" but unfamiliar "drop down box" interface control. 
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My phase 1 design recommendations concluded that I should include all task-

related "chunks" (Tables 4.1 & 4.2) or functions on single screens. But in some cases, 

there simply was not enough room to include all components in clear view. In one 

instance, there was a need to display 91 "teaching fields" on one screen. However, as 

shown in Figure 4.8, there was not enough room to include all possible options in an 

"easy to see" configuration. Despite my research participants' unfamiliarity with 

"standard" interface components (Microsoft, 1992), the original "easy-to-leam" screen 

design had to be satisficed to use a drop down box (Figures 4.7 & 4.8) type of interface 

control, because it "packs" a significant amount of data into a small area. 

Figure 4.8. Unsatisfactory screen design where only 24 of 91 teaching fields 
were visible. 
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However, a resulting cognitive walkthrough verified that Terry, Helen and Jean 

would not be able to use this component of the software because they were not familiar 

with its use. Therefore, a PLSS label was positioned above these drop down boxes in 

areas where Terry, Helen and Jean were expected to work (Figure 4.9). 

"Common Sense" Design Solutions 

In many cases, the phase 1 data analyses contributed only indirectiy to the 

solution of many leamability design decisions. For example, during admissions 

processing or advisement duties, Terry, Lucy, Helen and Jean commonly needed to check 

the student's grades, or GPA (grade point average). To the research participants, grades 

are similar to a traffic light that signals whether a student may proceed with additional 

coursework, be admitted to the college, or neither. Thus, I programmed the research 

software to display grade data with a green, yellow or red background based on 

established administrative standards. The adoption of this metaphor was not directiy 

prescribed by my phase 1 data analyses. However the well-known and culturally bound 

traffic light icon offered a symbolism that could be incorporated into the interface design 

to indicate "go," "proceed with caution" or "stop" as the research participants' conducted 

student advisement or admissions processing. 

In addition to this metaphorical traffic signal effect, this design decision was also 

envisioned to support Terry's and Lucy's observed browsing through the database to 

collect relevant data. My cognitive walkthrough of this interface feature concluded that 

they might simply check for green, yellow, or red colors and proceed quickly from there. 

In Terry's case, it was also envisioned that she would be able to focus more on the task of 

chatting with her student advisee if data were easily identified as go or stop. This point is 

150 



a good example of how a naive or common sense design decision was inductively 

validated by my phase 1 research activity. 

t^^0 Isŷ Cldking tje *Flnd* tsjtton j * the left.) 
tekV'- ~ Sex Ethnicity Major 

J 1 "^^ ^ ^^^ 
tOG^ StyWy: ̂ ^"-tt' X- ;^" :» \ \>v - ^ WcMCfty^ :̂>^ -̂> State UcalZip Local Telephone 

Prinimg Memos, 
Labels, Letters arxl 

Reports 

-« ̂ mhthn Si»m$ (aibklie #pro^i»'SW8 tmtd ^^m^&t update ̂ Js ̂ tdenfs atirrasstoii status) , — 
«pt»d«lBProgm« ^-Sl C©riit6fi«naJ Arjim1ft«1n« Acei M Aomis^oft Denied 

Figure 4.9, PLSS label to help "teach" how to use a "standard" but unfamiliar 
interface control. 

Designing the Software to Accommodate their "Stvle of Work" 

Carroll (1990) criticizes traditional methods of teaching computer skills in saying 

that "People have considerable trouble leaming to use computers, in part because their 

efforts are organized by instmctional systems design strategies that both facilitate and 

impede progress" (p. 77), His research found that when people have a need to leam how 

to use a computer, they usually have a goal in mind: word processing a document, 

calculating a spreadsheet, performing a mail merge. Traditional models of preparing and 
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delivering instmction present exercises for students to perform. These exercises 

frequently have little in common with the actual goal perceived by the leamer. 

Instead, he recommends that "with some idea of what leamers are doing, or trying 

to do, and why, we have the chance to address more effectively the problem of designing 

equipment and instmction to support them" (p. 77). Oddly, his approach is to abandon 

traditional models of instmctional design and to "exploit the leaming strategies that cause 

problems for leamers using systematic instmctional materials. The goal is to let the 

learner get more out of the training experience by providing less overt training stmcture" 

(p. 77). The result is to effectively allow leamers to create their own leaming system by 

designing the software to permit learners to investigate self-determined avenues toward 

the accomplishment of goals that may not be systematically predictable by traditional 

instmctional design methods. 

Phase 1 research activities permitted the discovery of "what [these] leamers are 

doing, or trying to do, and why" and resulting design activities to "address more 

effectively the problem of designing equipment and instmction to support them." 

Because I saw Terry, Lucy, Helen and Jean frequentiy engaging in "ad hoc-ing" 

(Garfinkel, 1967) as they accomplished advisement or admissions processing duties, I 

attempted to design software that avoided traditional models that attempt to delineate all 

instmctional situations a priori and instead follow Carroll's (1990) recommendation that 

"instmctional design [should be required to] permit users to engage only in personally 

meaningful activity" (p. 82). 

In pursuit of Carroll's recommendations and armed with phase 1 conclusions to 

"give 'em air" as they worked, the research software was designed to allow the research 

participants to freely "ad hoc" through the software in a manner, permitting them to 

accomplish "micro" level differences as they performed common "macro" tasks. 
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This was designed into the software using "tabbed dialogs" or "property sheets" 

(Edson, 1994; FarPoint, 1994b). Property sheets are characterized by an analogical 

similarity to common file folders. Each "tab" on a property sheet identifies a "screen 

full" of computer interface controls. By clicking a tab, the user activates its associated 

screen full of controls. Because many tabs may be arranged across the computer screen 

in a compact way, I was able to economically chunk controls on the computer screen in 

accord with the tasks I observed the research participants performing in phase 1 (Tables 

4.1 & 4.2). Figure 4.10 displays one of the research software screens and its two property 

sheets. 

The first property sheet on this screen (Figure 4.10) separates the software into 

three pieces intended for (a) entering and exiting the software, (b) supporting admissions 

processing tasks and (c) supporting student advisement tasks. Figure 4.10 displays the 

first "sub-property sheet" associated with the advisement property sheet. This "sub" 

sheet contains chunked controls to view or modify data related to five aspects of what 

phase 1 task analyses determined were a typical student advisement session: (a) address 

information, (b) grades and transcripts, (c) transfer credits, (d) teaching certifications, and 

(e) administrative holds. Figures H.18-H.29 display the contents of each of these sub 

sheets. In some cases, data were duplicated on several sheets to facilitate the chunking of 

tasks. For example, a student's academic GPA's were displayed on the main property 

sheet (Figure 4.10) with partial redundancy on the "Grades and Transcripts" sub-sheet 

(Figure H.19) and the "Academic Admissions Criteria" sub-sheet on the "Advisement" 

property sheet (Figure H,7), 

During phase 2 "debugging" procedures, during which I tested the software for 

operational programming defects, I determined that a user of this system would have to 

perform no more than three mouse-clicks to maneuver to any screen and find any single 
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piece of data. Labels on each sheet's tab were written to echo the research participants 

indexical speech as heard during phase 1 observations and interviews, or as found on 

"official documents" (Bogdan & Biklen, 1992) used in the accomplishment of individual 

tasks. While the layout of items on property sheets and the use of property sheets 

themselves were informed by "how they worked," final cognitive walkthroughs 

determined that the research participants would only need to inspect the visible labels to 

assist them in leaming discrete items and to locate individual data needed as they "ad 

hoc-ed" through their work. 

College of Education 

Stafi & Stop Here Admissions lA^vfsismeni 

Figure 4.10. Advisement property sheet and "sub" property sheet. 
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Program output: Printing. One of the primary results of Jean's admissions 

processing work was the preparation of memos and reports for other personnel. Jean 

explained that she typically spends several days manually counting, compiling and 

preparing word processed reports of the admissions processing job. Because she uses 

standardized procedures for preparing these memos and reports, they were a logical target 

for "computerization." While this was not a goal of the research component of this 

software, Jean's familiarity with data processing applications suggests that she expected a 

computer database to automate similar manual tasks. As a result, the development of this 

component of the software was seen as a place where it could "justify its own existence" 

and perhaps by word-of-mouth from Jean to Helen, provide proof of its utility. 

Figure 4.11 displays one of the two property sheets that Jean could use to output 

administrative reports of her admissions processing tasks. As can be seen, this screen 

uses PLSS labels to explicate how she may use it to create printed output ("Click the blue 

box for each needed item, then click 'Print' (Only one item may be printed at a time)"). 

Designing and implementing printing features. Most computer applications only 

permit the user to see a small part of a page on screen at one time. However, most also 

contain a feature that lets the computer user preview an entire page in a reduced view to 

check its overall appearance and layout. Because Jean uses software with this feature, I 

desired to implement a similar print review into the printing functions of the research 

software. My technical expertise prevented me from successfully implementing this 

feature. In its place, I included verbose labels describing each report that Jean prepared in 

association with the admissions processing job (Figure 4.11). These labels were prepared 

with the assistance of "official terms" used in her black book. While this design decision 

did not effect the "leamability" of the research software, it does provide an example of 

how technical issues may impede, and in fact sometimes drive design decisions. 
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4.11. The "Labels, Letters and Reports" printing screen. 

Other Design Features 

In many instances, the design and appearance of the research software were 

informed by details only indirectiy related to phase 1 design recommendations. In several 

cases, these design decisions were imposed by physical dimensions of the computer 

screen itself Other stylistic treatments were purely affective and were applied without 

formal grounding in empirical research. 

Emulating paper forms. Several components of the research software were 

designed to appear analogous to the research participant's familiar paper documents and 
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forms. Figure 4.12 displays a "check box" that permitted Jean to transfer a student's 

application data directiy to the research software. Because the paper forms she used 

included spaces to check off a student's desired certification level, the research software 

was designed to permit a similar checking off process. These check box controls are 

activated by positioning the mouse cursor over a box and clicking the mouse button. 

Upon completing this procedure, a visible check appeared in the box. All four research 

participants were seen to use this type of computer interface control during phase 1 data 

collection. Thus, there was no need to offer assistance through the use of PLSS labels. 

While there is no assertion of leamability in this particular feature vis-a-vis the thesis of 

this study, research suggests that the use of analogies in computer interface designs 

assists a computer user in fitting prior knowledge to the task of leaming (MacLean, 

Bellotti, Young & Moran, 1991; Lin, 1993). 
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Figure 4.12. A "check box" emulating Jean's official documents. 

Accommodating user "values." In the administratively well-defined job of 

admissions processing, one of the places where Jean could exercise her personal values 

was in her reading and interpretation of tiie applicant's essay. On occasions where an 

applicant's grades did not meet minimum requirements, she was permitted to add 
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"additional information" and "exceptional criteria" to the student's application. She was 

aware that in some cases her additions were an important factor in accepting or denying a 

student into the program. 

To accommodate this avenue for personal input, the software was also designed to 

permit Jean to add her own comments directly on the computer screen. Figure 4.13 

shows the two fields where Jean was permitted to add unlimited comments to a student's 

application. Once again, this feature does not contribute to leamability in the software, 

but it does permit Jean to add personal input to a normally impersonal job. 

lonal infoimaoon liram tins stuiienrs es f Ceniffcutft 
|(C[iC' - t h e 

r Admission Status (Click the appropnate blue box to show or update this studet 

Accepted into Program Conditional Admission Accepted 

Figure 4,13. Accommodating "personal" input in the admissions processing job. 

Designing to accommodate physical limits. Task analyses implied certain chunks 

of data should be grouped togetiier in the research software's interface. In an effort to 

fulfill this practical need and to enhance the software's leamability by incorporating 

three-part semiotics (Barthes, 1977; Pierce, 1985), I discovered that "on screen real 

estate" was quickly consumed. Researchers, interface designers and established 

standards (Apple, 1987; Horton, 1991, 1994; Microsoft, 1992; Tognazzini, 1992) 
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recommend that any computer icon be a minimum of 16 pixels wide (approximately 

1/2"). As a result, the desire to include three-part semiotics (Barthes, 1977; Pierce, 1985) 

into the interface was deemed too expensive in "on screen real estate" in terms of the 

research participants' practical needs imposed by the work to be performed using this 

software. As a result, virtually all leamability enhancements designed into the software 

were composed using more space-efficient PLSS labels. Researchers of design and 

researchers and practitioners responsible for establishing standards for computer 

interfaces admit that in many cases, such design ideals must give away in the interest of 

providing tools to satisfy working needs (Simon, 1984; Apple, 1987; Carroll, 1990; 

Horton, 1991; 1994; Microsoft, 1992). 

Designing for a "professional" look. I have observed that studies in human-

computer interaction and human-computer interface design has frequentiy employed 

software and graphic designs that appear "amateurish" (Bloomberg et al., 1990). 

Research notes that the "look" of a software has some contributing factor in how it is 

accepted and used (Gait, 1985; Tognazzini, 1992). Additionally, although the research 

participants are not computer experts, they are familiar with a certain quality of software. 

In order to create a software that the research participants believed was of professional 

quality and worthy of their time to leam and use (recall Helen's "show me" attitude 

regarding new tools), I designed it to match the appearance of software they were 

accustomed to. By supplying an interface with a familiar "look" the leamers may also be 

able to scaffold on top of their existing computer experience and adapt existing skills to 

their use of the research software. Appendix H displays the screens of the research 

software. 

159 



Bucking the Trend: Changing the Menu Paradigm 

Upon closer inspection of the research software's design, its "property sheet" 

motif may be thought of as a menu-ing system. However, instead of grouping items by 

operation as recommended by existing standards of computer interface design (Apple, 

1987; Microsoft, 1992), it groups them according to job ("Admissions" and 

"Advisement") and then by sub-tasks in those jobs (e.g., "Admissions Criteria," 

"Printing," "Transfer Credits," etc.). 

This shift in grouping strategies was seen to inform the design and development 

of an interface that matched the research participant's job practices and enabled them to 

use it without direct instmction. Thus, instead of grouping computer commands by 

operation as recommended by current codes of interface design (Apple, 1987), a more 

leamable interface may group them by job and task categories. While this design 

decision may be seen as "satisficed" under Simon's (1984) engineering viewpoint, it 

complies with Suchman's (1995) argument that software must be designed to 

accommodate specific jobs and tasks instead of attempting to provide a generic tool. The 

methodologies used in this study to inform the design of a user-interface may provide a 

design model for creating leamable software that complies with Suchman's (1995) 

recommendation. 

Final Testing 

At the conclusion of phase 2 design and programming activities, the research 

software was installed on the computer network serving Terry's, Lucy's, Helen's and 

Jean's office microcomputers. Prior to beginning phase 3 research activities however, the 

research software was subjected to a two-week period of testing and debugging on the 

actual hardware used by the research participants. During this period, a minor cosmetic 
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anomaly was identified. The cause of this anomaly was rooted in the fact that the 

research software was developed using a different resolution monitor than that used by 

the research participants. The effect of the anomaly was that some PLSS labels were 

slightly misaligned and one gray scale tone lost contrast under some conditions. Figure 

4.14 displays a typical screen as seen on the computer I programmed the software on 

(IBM model 70, with a 16 color VGA monitor). Figure 4.15 shows the same screen as 

seen by the research participants. Due to the hardware differences, many PLSS labels 

were not visible to the research participants on their computers! 
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Figure 4.14. "Pre-find" screen on the computer used to design the software. 

If PLSS labels remained invisible under all conditions, it would have been a 

severe leamability "bug" because users would have not been able to determine what the 

data in each field represented! However, when a "Find" operation was invoked all field 

labels reappeared as shown in Figures H.7-H.25. An informal cognitive walkthrough 

determined that this anomaly posed no danger to the software's leamability and might, in 

fact, be serendipitous. With fewer labels visible in a "pre-find" condition, the user may 

be able to more easily locate PLSS text intended to offer "learning support." 
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Figure 4.15. "Pre-find" screen on research participants' computers. 

Phase 2. Design Summary 

Although phase 1 data collections and analyses provided a rich set of data 

covering the research participants "inner" and "outer" environments (Simon, 1984), I 

discovered very little that provided prescriptive guidance in informing the design of an 

"easy-to-leam" software interface. However, with the framing perspective of a research 

metaphor, common task analyses and existing research, a set of design principles was 

derived and applied to the development of the research software. 

During the process of designing the research software, it was also subjected to 

"cognitive walkthroughs" (Lewis et al., 1990; Wharton, 1992; Poison et al., 1992; 

Nielsen et al., 1994; John et al., 1995) to evaluate its viability in terms of the research 

questions and phase 1 findings. As described above, in some cases these cognitive 

walkthroughs found that a potential leamability problem existed. Redesigns were then 

performed that in some cases appeared "satisficed" (Simon, 1984) from an engineering 

perspective, but that appeared valid from a leamability standpoint. 
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In the sections of this chapter that follow, I describe the research participants 

experiences as they leamed how to use the research software in daily operations. First, I 

describe each person's experiences in qualitative terms, then each person's experiences 

are described using the quantitative methodologies described above. 

Where it occurred, I also identify and attempt to describe and diagnose the cause 

of user confiision experienced during use of the software. In some cases, these events 

provide productive criticism of the design process and point toward the need for future 

research. In other cases the events surrounding user confusion suggest there are many 

contextual factors affecting leamability that may not be embodied in the design of a 

human-computer interface. Phase 3 user events are described below along with the 

results of the data analysis. 

Phase 3. Research Software in Use 

Re-entering the Research Site 

Re-entry to the research site was accomplished following the design, development 

and debugging of the research software. Phase 3 data collection activities proceeded by 

scheduling times for each of the student volunteers to meet with Terry, Lucy or Helen. 

Each of these sessions was audio-taped and field notes taken. These data were 

transcribed and written up for qualitative analyses. As described in Chapters 11 and 111, 

quantitative data were automatically recorded by the research software. Each of the 

student volunteers completed a facsimile "admission application" for Jean to process 

using "her" part of the software. 

In all, 30 individual student volunteers were enlisted to participate in the study. 

This number of volunteers permitted each student advisor to work with 10 "advisees" and 

for 30 admissions applications to be evaluated by Jean. This number would permit 
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between 10 and 30 observations of each participant using the research software. Other 

research studying factors similar to leamability have limited data collection to between 

one (Baxter & Oatiey, 1991) and five observations (Carroll, 1984, 1990). 

Originally, 10 student volunteers were scheduled to meet with each advisor. 

However, absences and unforeseen circumstances in the research venue caused two 

dismptions in the phase 3 schedule. Five students were dropped from the study when 

they missed original and rescheduled "advisement" sessions. Secondly, unplanned 

intermptions caused by Terry's "real work" deadlines, several unscheduled meetings that 

Terry and/or Lucy were required to attend and two unforeseen absences by Helen forced 

me to reschedule 15 of the remaining student volunteers with another "advisor." As a 

result of these dismptions, at the conclusion of phase 3, Terry had worked with five 

students, Lucy with 11, and Helen with nine. In terms of elapsed time, Terry, Lucy and 

Helen spent between two and five hours in contact with the research software during 

phase three research activities. Jean processed all 25 applications during a single session 

that lasted two hours. These durations are comparable to or greater than prior human-

computer interface research that employed qualitative methods (Carroll, 1984, 1990; 

Baxter & Oatiey, 1991). In the sections that follow, I provide a description of each 

participant's phase 3 interaction with the student volunteers, admissions applications and 

the research software. 

Qualitative data were collected during all 25 advisement sessions with student 

volunteers. Similar to phase 1 data collection methods, Terry, Lucy, Helen and Jean were 

requested to maintain a verbal protocol (Ericsson & Simon, 1980) during phase 3 

advisement sessions. The opening screen of the research software provided a reminder 

that I wanted to "hear what they were thinking" (Figure H.3). Each phase 3 advisement 

session was audio-tape recorded. These recordings were transcribed for analysis. 
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Handwritten field notes were also taken during each advisement session to annotate the 

tape recordings. Analyses of quahtative data provided profiles of each research 

participant's use of the research software that was used to assess the software's design in 

terms of the research questions. 

Quantitative data analyses of stochastic data followed the methodology outiined 

by LeFever (1990) and delineated above in Chapter EI. Because this study aims to 

identify consistent pattems of use that indicate leaming has occurred, the data were 

analyzed in two parts. These analyses were informed by Ormrod (1990) who indicates 

that learning is a "relatively permanent change in behavior due to experience" (p. 6) and 

by researchers who say that stochastic analyses are capable of reliably identifying 

"chains" or pattems of "states" [behaviors] (Hewes, 1980; Gottman & Roy, 1990). 

Data produced during each discrete episode with the research software were 

compiled into tally matrices (LeFever, 1990) and tested for a Markov property (LeFever, 

1990). This test was intended to check if any one advisement or admissions processing 

session contained evidence of a pattem. Second, data representing each individual 

episode were added in a cascading fashion (e.g., episode #1 + episode #2, episode #1 -i-

episode #2 -i- episode #3, etc.) and the resulting tally matrix analyzed for the existence of 

a Markov property. This test was intended to check for evidence of a leamed pattem over 

time as the research participants gained experience with the research software. Cascaded 

matrices were compiled until a statistically significant Z-matrix value (LeFever, 1990; see 

also Appendix E) was found. This method identifies the first instance of learning in the 

research software as defined above. Together, these two tests provide a snapshot of each 

participant's individual episodes with the research software, and an image of how each 

participant's use and leaming of the software evolved over time. 
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Terry 

As described above, Terry is the administrative assistant to the associate dean 

supervising this office. She is not formally trained as an academic advisor. However, by 

her own admission, she "does as much or more of that as I do of anything else." During 

phase 1,1 discovered that Terry's typical advisement strategy is to triage the students 

needs and tacitly diagnose and commence treatment to assist the student in pursuing 

coursework. Terry was not found to pursue the depth of information typically sought by 

either Lucy or Helen. Instead she limited her use of information to academic criteria that 

could put a student's status in jeopardy. For example, she checked standardized test 

scores and transcript data to see if the student was in danger of academic probation or of 

falling below the college's minimal academic requirements. 

Qualitative data show that Terry achieved some measure of awareness very 

rapidly. During her few explorations deeper into the software, she vocalized whom she 

thought certain property sheets and data were intended to serve. Because she knew her 

colleagues' job responsibilities, she was aware of who would need certain information. 

For example, upon clicking the "Admissions" property sheet tab (Figure H.7), Terry 

remarked "oh, this is for Jean." Upon inspecting the "Teaching Certificates" property 

sheet (Figure H.22), she said "Lucy will need to use this. She's the only one who deals 

with these things." The research software's chunked design (Tables 4.1 & 4.2) appeared 

to permit Terry to use her knowledge of individual responsibilities to map the interface. 

Her evolution to awareness of how to use the software is described in more detail below. 

Analysis of stochastic data also resulted in significant findings. During her phase 

3 activities, Terry seldom adventured past the "Address" and "Grades and Transcripts" 

property sheets on the "Advisement" property sheet (Figures H.19 & H.20). For this 

reason, and because she only advised five student volunteers (due to juggling the original 
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schedule, as described above), the stochastic data collected from Terry were limited. 

However, despite the limited quantitative data, quantitative analyses resulted in the 

identification of leamed pattems of interaction with the research software after only four 

episodes of use. These learned pattems are described in more detail below. But first, I 

present and discuss the qualitative findings: development of awareness and situations in 

which she achieved flow. 

Oualitative Findings 

Development of awareness. As suggested above, Terry rapidly became aware of 

the layout of the research software's interface. Knowing what certain artifacts in the 

interface are used for is not the same as being aware of how the software is used in 

overcoming the seminal computer question, however. There were definite instances of 

how the interface's design was successful in contributing to this awareness. Likewise, 

there were instances of how the software's interface led to the maintenance of suspicion 

or degradation to closed awareness. 

On her first use of the research software in phase 3, Terry experienced an instance 

where suspicion awareness was exhibited and where open awareness was rapidly realized. 

The research software was designed to contain three main property sheets, (a) Start and 

Stop Here, (b) Admissions and (c) Advisement (Figure H.3). Terry told me through her 

verbal protocol that she suspected she should begin the advisement session at the "Start & 

Stop Here" property sheet tab: "All right, the first thing you do is then hit [the] Start [& 

Stop Here tab] is that correct?" When her performance of this did not display any items 

relative to her advisement job her verbal protocols indicate that she was able to locate and 

use relevant PLSS labels to assist her in performing the desired operation. "Oh, I should 

click the Advisement [tab]" (Figure H.18). Her leaming of this was evident upon 
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subsequent episodes with the software because she no longer made this error in getting 

started. 

After discovering tiie function of the Advisement tab (Figure H.18) she rapidly 

became aware of how to find a student's academic records. After her exclamation that 

"it's all here!!" she paused and then verbalized "all right, we would type in student's... 

lets see Look for a student's records by clicking the find button.'" Upon seeing the "Find 

a Student's Records" screen (Figure H.5) her verbal protocol indicated that become aware 

of the proper method for locating a student's records. "Okay, first of all you type the 

social security number or last name of the student you want to find... okay." Upon typing 

her advisee's social security number and silentiy clicking the OK button (Figure H.5) she 

exclaimed "Oh! This is wonderful! It's all here!!" She had become aware that the 

Advisement tab was where she could find relevant information for her advisement task. 

Each of her subsequent episodes with the research software was begun in the same 

manner indicating that she had leaned a way to use the research software to begin an 

advisement session and locate an individual student's records. 

After having found this student's records, I observed Terry enter into a "model 11" 

advisement session where she began an excursion of what she thought the student should 

do to pursue a teaching certificate. Her interaction with the software in this episode never 

adventured beyond the "Address" and "Grades and Transcripts" property sheets 

(Appendix H.19 & H.20). Following this episode I asked Terry about her apparent 

limited use of the software. Her reply echoed the above comment, "that's all I needed, I 

didn't have to find anything more." This suggests that not only was Terry able to easily 

become aware of how to use the research software, but also that the software's design 

was chunked (Tables 4.1 & 4.2) in a way that accommodated her perceived needs for 

performing academic advisement. 
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Leaming to automaticity and avoidance of anti-flow. As early as Terry's second 

advisement session using the research software, she showed evidence of her learning of 

the research software to automaticity and to avoid anti-flow experiences (Allison & 

Duncan, 1988). Her verbal protocol on the second advisement session did not include 

voicing of her clicking the "Advisement" property sheet tab, or of clicking the "Find" 

button. She performed these operations silently. Ericsson and Simon (1980) indicate that 

when an operation is unreported during a verbal protocol, it no longer occupies short-term 

memory: the operation has been leamed to automaticity (Ormrod, 1990). Automaticity is 

characterized by a person overleaming something to the point that its performance no 

longer requires conscious thought. To support the soundness of their argument, Ericsson 

and Simon then point to empirical evidence in that "studies have shown a high level of 

congmence between verbal reports and other behavioral measures in a variety of 

experimental settings" (1980, p. 247). Likewise, in this study, phase 3 quantitative data 

analyses described below add credibility to my argument that Terry leamed how to use 

the research software to satisfy her needs in her student advisement job. 

While this particular evidence for leaming may seem to be a trivial operation in 

the use of the research software, it permitted Terry to accomplish a task that Carroll 

(1984, 1990) indicates is the source of a substantial amount of computer user's problems-

getting started. His research shows that if a computer user is able to begin a task 

successfully, he or she is more likely to proceed without error. 

Ouantitative Results 

Analysis of individual episodes showed that no statistical significance existed at 

the p < 0.05 level in any one of Terry's phase 3 advisement sessions (Table 4.3). The p < 

0.05 level is a widely accepted measure of statistical significance in social science 
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research (Erickson & Wentiing, 1988) this it is used here as a point at which Onnrod's 

behavioral definition of leaming may be seen to occur (1990, p. 6). However, when data 

were added together in a cascading fashion, a statistically significant Z-matrix was 

achieved at the fourth cascade (episode #1 -f- episode #2 + episode #3 + episode #4) (%' = 

143.90, df= 131,2 < 0.01) as shown in Table 4.4 All subsequent cascaded analyses also 

achieved statistical significance (Table 4.4). In the following section, I describe features 

of this fourth cascade providing quantitative evidence that Terry was able to learn to use 

the software by the fourth episode. 

The statistical analyses indicate that Terry had leamed two different methods for 

finding a student's records (Table F.l, items #2, #4). She could "Find" a student's 

records from either the "Admissions" property sheet tab or from the "Advisement" 

property sheet tab. The first and second design criteria (Figure 4.16) appear to have been 

achieved in permitting Terry to (a) translate her knowledge of the need to locate a 

student's records, into how to make the software do it, and (b) to perform common tasks 

in several different ways. Achievement of this second criterion may be argued because 

Terry leamed that she was able to initiate advisement sessions from either the 

"Advisement" property sheet or the "Admissions" property sheet. Stochastic data 

showing this behavior is displayed in Table F. 1, item #4. 

Table 4.3. x^ ^ ^^^ P values for Terry's individual 
episodes with the research software. 

Episode # 
1 
2 
3 
4 
5 

x' 
23.80 
15.96 
24,43 
41,13 
15.96 

df 
29 
19 
29 
41 
19 

U 
>.25 
>.25 
>.25 
>.25 
>.25 
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The Markov analyses also indicate that when Terry entered an incorrect student 

name or SSN from the "Admissions" property sheet tab, that she proceeded to the 

"Advisement" property sheet before perforaiing another "Find" operation (Table F. l , 

items #4, #5, #6). The data suggests that while she could perform a "Find" from the 

"Admissions" property sheet (Figure H.7), such an action and seeing the subsequent 

"Student Record Not Found" error screen (Figure H.6) prompted her to survey the 

interface and go where she should be to locate data specific to her advisement job (Table 

4.1). This implies that verbose labels in the software's design (that were induced by the 

phase 1 inner design criterion) had the effect of prompting Terry where to locate 

necessary information. 

Table 4.4. x^ df and p values for Z-matrices when each of 

Terry's individual episodes with the research software 
was added in a cascade. 

Episodes # 

1 
1-H2 

1+2-H3 
l-h2-^3+4 

1-H2+344+5 

x' 
23.80 
53.34 
84.39 

126.79 
134.56 

df 
29 
55 
71 
89 
89 

e 
>.25 
>,25 
<,25 
<.01 
< ,005 

The stochastic analysis data also indicate that she leamed how to locate the 

"Student Transcript Review" screen and "Transfer Credits" screen from several locations 

(Table F,l, item #8, #9, #10, #11), This apparent procedural leaming lends support to the 

argument that phase 1 design criteria (Figure 4,16) were successful in informing the 

design of a leamable software interface. The Markov analyses also indicate that she 

frequentiy inspected this screen immediately prior to exiting the software (Table F.l, item 

#10). 
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Finally, analysis data indicate that Terry leamed the procedure for exiting the 

software (Table F.l. item #1). This same act was associated with a jump point. A jump 

point exists when a single action with the research software is likely to be followed by a 

reduction in entropy in interaction with the software (Table G.2). 

1. Correctly interpret the function of individual components of the 
software. These "interpretations" were to be instmmentally 
connected to the "indexical" and "reflexive" (Suchman, 1989; 
Garfinkel, 1967) nature of advisement and admission processing, 
and the "chunks" of data typically used in these tasks. 

2. Maneuver freely between the many available "screens" contained 
in the software. This freedom of movement was aimed at allowing 
the research participants to perform "common" tasks in 
"uncommon" ways as demanded by their individual perceptions 
and interpretations of context and student needs, 

3. Releam" how to use the software after periods of disuse. This 
criterion is directly related to the aims of objective #1. above. 

Figure 4.16. Design criteria. 

Lucy 

As described above, Lucy is one of two official academic advisors in this office. 

Unlike Helen, the other official academic advisor, Lucy is responsible for advising 

students seeking teaching certifications but whose major is not education, and for post-

baccalaureate students seeking teaching certifications or other endorsements. In this 

capacity, Lucy must keep track of administrative policies and certification guidelines for 

over 30 academic majors. My phase 1 analyses show that Lucy is more than capable of 

maintaining a high level of productivity and expertise with her current tools. Therefore, 

in addition to answering the research questions, phase 3 findings may indicate if Lucy is 
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able to learn this software in a manner that allows her to function with at least the same 

effectiveness as observed in phase 1. 

Oualitative Findings 

In the course of her phase 3 participation in the study Lucy advised 11 student 

volunteers. Of these students, five had already been admitted to the college of education, 

three were planning to apply for admission at a later time and four had told me they had 

no plans of applying for admission to the college of education, Lucy was not told in 

advance of these students' academic plans. 

As in my phase 1 analyses above, I classified Lucy's student advisement sessions 

according to the design metaphor; diagnosis and treatment. Diagnoses were characterized 

by situations where Lucy had to determine exactly what the advisee's needs were. 

Treatments were characterized by instances when Lucy was able to respond to direct 

questions from her advisee or when she had completed a diagnosis of the student's needs. 

Because seven of Lucy's 11 advisees were unfamiliar with the college and its 

administrative processes, much of her time in phase 3 advisement sessions was spent in 

diagnostic activities. These activities typically involved a series of questions to students 

similar to those described in her phase 1 activities, above and did not require her to 

interact with the research software to a substantial degree. Thus, despite having more 

student advisees in her phase 3 activities than either Terry or Helen, the amount of data 

gathered from Lucy that was pertinent to this study was less than that collected from her 

colleagues. 

Of all the research participants Lucy also had the most difficulty maintaining a 

verbal protocol during her activity with the research software. Fmstrated with my 

reminders to do so, on several different occasions she exhorted "Don, I can't [think] out 
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loud!... I get really embarrassed!", "I do not think out loud!" and "I just think too fast! I 

can't think out loud!" As a result, Lucy's verbal protocols are thinner than her 

colleagues. In Lucy's case, the qualitative data contributing to this discussion were 

largely collected during brief member checks between student advisement sessions. Data 

elicited from these member checks provided evidence that Lucy was able to overcome the 

seminal computer question and leam how to use the research software. 

Development of awareness. As displayed by Terry, Lucy experienced no 

confusion in getting started with the research software. On her first episode with the 

research software, she simply clicked on the "Advisement" property sheet tab, inspected 

this screen and clicked the "Find" button (Figure H.19). The first statements in her verbal 

protocol for this session were a reading of the PLSS field on the "Find a Student's 

Record" dialog box (Figure H.5). Thus, Lucy was able to overcome a very basic problem 

that thwarted many of Carroll's (1984, 1990) subjects as they tried to leam how to use a 

word-processing system—translating task related knowledge to action in using the 

research software. There were times in subsequent advisement sessions where Lucy did 

verbalize this process. However, they were marked by her enthusiasm as she appeared to 

try to show me that she could remember to perform a verbal protocol. On one occasion 

after quoting her actions, she turned to the student advisee and admitted, "he's asked me 

to say what I'm doing and thinking... and I'm used to just thinking and doing." 

As indicated above, member checks following advisement sessions elicited data 

that suggest Lucy was able to figure out how to use the research software in both 

diagnostic and treatment situations. After Lucy silentiy located a student advisee's 

records during her second episode with the research software, she triaged the student's 

needs by asking several diagnostic questions and quickly rolled her chair to the computer 

and clicked on the "Grades and Transcripts" property sheet (Figure H.19). Upon viewing 
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the student's "College Grades" (Figure H,19), she began a treatment session, advising the 

student of her options in pursuing a teaching certificate in her desired specialization area. 

A subsequent member check showed that Lucy was again able to translate her expertise 

to this new software easily, "Of course I could tell from her answers [to my diagnostic 

questions] that her GPA would be important, so I looked for where I could find her 

grades and the classes she'd already taken. Once I found that, I could do more advising." 

Phase 3 data analyses indicate more instances where her job related knowledge guided 

her ad hoc-ing through the research software in search of data that she needed to offer 

academic advisement. 

Following her third advisement episode with the research software, the shortest-

lasting only about seven minutes, I remarked that "you seemed to know exactiy where to 

go to find the data you needed..." Her reply indicated an awareness and knowledge of 

how to navigate and use the software, "All I had to do was look in her transcripts. It 

shows right there (motioning to the "Student Transcript Review Screen" [FigureH.19]). 

That's what [coursework] she transferred in," The PLSS labels adoming property sheet 

tabs enabled her to translate task related knowledge to ad hoc needs efficiently. 

PLSS labels that were the main leamability feature designed into the software 

appeared to fit Lucy's style of leaming very well. As noted above, she is accustomed to 

hunting for options to help overcome her own limitations. The PLSS labels appeared to 

provide her with the ability to quickly scan the interface for hints on where to locate 

necessary data. Conditions like this, where Lucy showed her ability to navigate the 

research software freely as she improvised her way through an advisement session, argues 

for Lucy's avoidance of anti-flow (Allison & Duncan, 1988) where her evolving skills 

with the research software were evenly matched to the job of academic advisement. This 

also adds to answering the research question by presenting evidence that the interface 
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design provided an environment where she could use her current task knowledge to assist 

in overcoming the seminal computer question. 

A lack of anti-flow. Normally, all of the students who come to Lucy for 

advisement have some interest in pursuing a teaching certificate. As described above 

however, the student volunteers participating in this study were not homogeneous in this 

regard. In some cases, students who were not interested in pursuing a teaching certificate 

"played the part" convincingly. Other students made it very plain that they were "just 

volunteers in [my] research project." 

One very interesting finding emerging from my observation of Lucy's phase 3 

activities was that she was able to perform academic advisement on student volunteers 

who showed absolutely no inclination to pursue a teaching certificate. In some cases, her 

advisees even promised they would retum to pursue the topic in more eamest! As 

described below, these disinterested and uninterested advisees precipitated incidents of 

anti-flow and anomie for Helen who appeared to lose her ability to perform the task of 

academic advisement when her advisee did not behave in accord with her image of a 

"real" student advisee. 

Lucy was well aware of her participation in the research project as suggested by 

her closing statement to one student advisee, "You can do what-evvvver your little heart 

desires with [the schedule forms completed during the advisement session] when you 

leave here, including lining the birdcage with them." Her typical behavior in research 

advisement sessions was very "model 11" (Schon, 1984) insofar as she appeared to dictate 

to the students instead of working with the advisee and pursuing what phase 1 analyses 

determined to be a more normal diagnostic interview. In a subsequent member check, 

Lucy told me that she is occasionally called upon to advise students who appear not to 

have an interest in her advisement. She referred to these students as those who are "just 

176 

•iMMMMMBnl 



asking to satisfy mom or dad," However, in conjunction with her exclamations about 

engaging in a verbal protocol, this difference in her advisement behavior could also be 

characterized as an occurrence of the Hawthom effect (a,k.a. John Henry effect), where 

she behaved in response to her knowledge of the study. 

This observation does not appear to endanger the research questions inquiring if 

Lucy did, in fact, leam to use the software without being explicitly trained in its use. In 

this regard, phase 3 qualitative data and analyses indicate that she was able to overcome 

the seminal computer question as she dictated advisement details to either sincere or 

apparently insincere student advisees. 

Ouantitative Results 

As was the case in the stochastic data representing Terry's phase 3 interactions, 

none of Lucy's individual episodes with the research software resulted in a Markov 

property of significance. Also similar to Terry however, when data were added together 

in a cascading fashion, a statistically significant Z-matrix was achieved in the tally matrix 

resulting from the addition of episode #1, episode #2 and episode #3 (%̂  = 170.73, df = 

131, p < 0.01) as shown in Table 4.5, 

All subsequent cascaded analyses achieved statistical significance also (Table 

4.6). The following is limited to a discussion of factors in the combination of episode #1, 

episode #2 and episode #3, the point where learning was first identified according to the 

methods described in Chapter III. This discussion suggests that Lucy in fact learned how 

to use components of the software after only two experiences with it. 

Like Terry, Lucy appeared to have leamed the way to "Find" a student's records 

(Table F.2, item #1 and #2). However, unlike Terry, Lucy always moved to the 

"Advisement" property sheet before invoking the find operation. Lucy's data also show 
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that she leamed how to locate three otiier chunks of data (Table 4.1) for use in her 

advisement job. The acts of locating and viewing a student's "Student Transcript Review 

Screen" (Table F.2, item #4), "Transfer Credits" field (Appendix F.2, item #6), "Teaching 

Certificates" field (Table F.2, item #7) and "Administr. Holds" screens (Table F.2, item 

#8) are all significant contributors to the establishment of a Markov property in her first 

two episodes with the research software. 

Table 4.5. y^, df and g values for Z-matrices when each of Lucy's 
individual episodes with the research software was 
added in a cascading fashion. 

Episodes # 

1 
1-H2 

1+2-H3 
l-h2+3+4 

1H-2-I-3-I4-H5 
1+2+3+4+5+6 

1+2+3-H4+5+6+7 
1+2+3+4+5+6+7+8 

1+2+3+4+5+6+7+8+9 
1+2+3+4+5+6+7+8+9+10 

1+2+3+4+5+6+7+8+9+10+11 

i 
125.65 
143.90 
170.73 
522.46 
575.22 
629.15 
683.72 
743.05 
841.79 
896.27 

1068.98 

df 
131 
131 
131 
379 
379 
379 
379 
379 
379 
379 
379 

P 
>.25 
<.25 
<.01 
<.005 
<.005 
<.005 
<.005 
<.005 
<.005 
<.005 
<.005 

This analysis suggests that she leamed to use the software easily. Also, as was 

discovered in Terry's leamed behavior, stochastic analyses show that Lucy leamed how 

to exit the software (Table F.2, item #1). 

It is noteworthy that the two trips located in this dataset were associated with 

interactions that the Markov analyses showed were leamed (Table G.3). A trip point 

exists when a single action with the research software is likely to be followed by an 

increase in entropy in interaction with the software. This is interesting because it is 
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unexpected that Lucy would leam to use the research software in a way that increased the 

likelihood of entropy in her advisement behavior. However, in light of phase 1 findings 

that the act of academic advisement is often unpredictable, it may be posited that instead 

of tripping Lucy, her invocation of a "Find" command opened the door to seeking data as 

they are required in the current session. Similarly, her review of the "Student Transcript 

Review Screen" may be taken as a branching off point in the advisement process after 

which she was able to ad hoc freely. 

As was identified in Terry's dataset, the act of clicking the "Start and Stop Here" 

property sheet was always associated with a jump point and a reduction in entropy (Table 

G.4). This "jump" point was always followed by Lucy clicking the "Quit Using this 

Program" button (Figure H.3). Also, on occasions when Lucy viewed the "Grades and 

Transcripts" screen, she was likely to scroll down the "Student Transcripts Review 

Screen" (Table F.2, item #4, Figure H.19). The likelihood of her opening the "Grades & 

Transcripts" screen then scrolling down the "Student Transcripts Review Screen" (Table 

F.2, item #4, Figure H.19) provides quantitative support for a leamed behavior because 

she would not be expected to access the "Grades and Transcripts" screen if she did not 

intend to review its contents. 

Lucy's interaction with the research software resulted in a statistical significance 

during her second interaction, while data representing Terry's interaction did not reach 

significance until her first four episodes were combined. Inductively, this may be traced 

back to the phase 1 finding that Lucy continuously "searched for options." Because each 

item in the software is explicitiy labeled, Lucy's strategy of analyzing PLSS labels may 

have facilitated her ability to learn quickly. 
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Helen 

As described above, Helen shares with Lucy the status of official academic 

counselor for this college. However, Helen's student advisees are limited to 

undergraduate degree students either enrolled in this college or with interest in pursuing a 

degree in the college of education. Additionally, as a result of her student recruitment 

duties, some of her advisees have transferred from junior colleges or other universities. 

Therefore in many cases, Helen has met her students in situations other than an 

advisement session. In many cases, they are familiar faces to her and typically have 

specific questions or needs and some personal investment in what she can do for them. 

Of the 25 student volunteers participating as advisees in this study, nine had 

previously been accepted into the college of education, five others were pursuing 

undergraduate studies with the intention of applying for admission to the college of 

education, and 11 expressed no current interest in pursuing education as a major or 

vocation. At the conclusion of phase 3 activities, Helen had "advised" four non-

education students, two previously admitted students, and three students planning to 

pursue admission at a later stage in their education. 

During her phase 3 work with the research software, Helen was very aware of my 

presence as a researcher. Her verbal protocols were punctuated with many questions 

stated directiy to me. In nearly all such cases my reply was: "I want you to figure out 

[how to do that]." In cases where the reason for her question persisted, I prompted her to 

"Just look at the screen, there should be something there to tell you how to [do what you 

want to do].,," Virtually all of these anomie (Hilbert, 1992) or anti-fiow situations 

(Allison & Duncan, 1988) occurred during advisement sessions where she was working 

with one of the non-education students, whose lack of interest breached Helen's 

expectation of a real advisee. 
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Oualitative Findings 

Similar to what was observed in Lucy's phase 1 and 3 actions, I was able to 

categorize Helen's activity during phase 3 into two types: diagnostic and treatment. 

Diagnostics were engaged in when an advisee was not able to articulate her specific 

questions or concems. Diagnostic sessions were a normal startup strategy where Helen 

asked open ended questions of an advisee in an effort to identify a specific need. 

Treatment activities were performed either when a student was able to identify a specific 

need, or when diagnostics prescribed a specific course of action. 

Development of awareness. In most of her phase 3 student advisement sessions, 

Helen appeared to be able to navigate the research software and locate necessary data 

quickly. Verbal protocol data shows that Helen made use of the PLSS labels to help her 

determine the function of components in the research software and to begin an 

advisement session. "Okay, well, I guess we'll go in now and ... we'll go into 

Advisement... All right... 'Look for a student's record by clicking the 'Find' button at the 

left (Figure H,4). ("find" dialog box appears. Figure H,5) "and it says. Type the Social 

Security Number" (tuming to student advisee) "Okay, what is your social security 

number?" (italics indicate Helen's verbatim reading of PLSS labels or property sheets). 

This quotation shows that she was able to utilize PLSS labels to help her leam achieve 

open awareness in how to use the research software in her advisement duties. 

Similarly, in the case of locating a student's grades and transcripts Helen's verbal 

protocols show that she was able to simply inspect the research software's interface and 

its PLSS labels to achieve awareness of where to locate needed data. "Ugh, let's see if 

we can find your... um... let's see, where we can find your grades. Grades and 

Transcripts... (clicks on property sheet tab. Figure H.19). From this I can see that you 
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have to tum in your transfer transcripts to the Human Science department..." (italics 

indicate Helen's verbatim reading of PLSS labels or property sheets). This statement 

shows that Helen was able to first locate what she suspected to be a likely screen to find 

needed data on, and upon accessing it, was able to quickly confirm it as the correct screen 

and begin advising the student. 

Instances like this where Helen knew what to look for could be categorized as 

well defined problems (Simon, 1984). A well-defined problem is one where each 

individual step may be explicitiy defined and objectively evaluated to determine 

successful completion. Simon indicates that these well-defined problems are relatively 

simple because they may be objectively evaluated, Leaming theories and instmctional 

design practice also supports the value of objectively interpretable feedback (Bmner, 

1966; Simon, 1984; Dick & Carey, 1985; Polya, 1988; Ormrod, 1990; Gagne et al., 1992; 

Heinich et al., 1996), It appears then that the combined effects of task analyses and PLSS 

labels functioned to permit Helen to objectively evaluate each of her actions with the 

research software to assist her in overcoming the seminal computer question. These data 

show that the result was Helen's success in learning how to use the research software in a 

very short time. 

Leaming to automaticity. There was also evidence supporting the assertion that 

Helen leamed the software to the point of automaticity (Ormrod, 1990). 

Csikszentmihalyi (1991) defines one facet of flow in a similar way~when a person Imows 

the task and its included operations so well that they may proceed with minimal 

metacognitive control. 

Helen's verbal protocols indicate that as she used the research software with 

successive students, she stopped verbalizing some common procedures. In particular, 

upon her third student advisement with the research software, Helen stopped verbalizing 
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(a) her moves to click the "Find' button (Figure H.18), (b) clicking the "Grades and 

Transcript" property sheet tab (Figure H.19) and "Transfer Credits" property sheet tab 

(Figure H.20). Ericsson and Simon (1980) explain that this phenomenon occurs when a 

task no longer occupies short-term memory space. They contend that a verbal protocol 

can only include items occupying short-term memory, thus the deduction that an item has 

been leamed to automaticity when it is no longer included in the verbal protocol. 

To Helen, the rapid achievement of automaticity permitted her to enter into an 

advisement session and to focus her energies on either diagnoses or treatment operations, 

unencumbered by the seminal computer question. 

Anti-flow and anomie: An unintentional breaching. In its quest to dimension the 

methods people use to act in everyday life, ethnomethodologists have adopted a research 

technique called breaching (Coulon, 1995). Breaching seeks to intermpt a person's 

behavior with the intent of exploring the limits of normal methods (Garfinkel, 1967). As 

successive breaches are made, the researcher attempts to describe the practical limits of 

normal behavior by triangulating across breached and normal behavior. While qualitative 

inquiry is normally associated with unobtmsive and non-invasive research techniques 

(Lincoln & Guba, 1985; Eisner, 1992), ethnomethodology utilizes breaching as an 

accepted practice (Livingston, 1987; Coulon, 1995). 

While breaching can occur as a planned research activity, unanticipated or 

unplanned everyday events can also occur that elicit the same kind of data. In this study, 

both Helen and Jean were unintentionally breached during phase 3 activities. For Helen, 

these unintentional breaches occurred in advisement sessions when her student advisee 

acted in ways that belied his or her disinterest in Helen's work with them. Several of 

these students behaved in a way that belied their lack of interest. One of these individuals 

(the sixth of her nine total advisees) responded to Helen's leading question "What can I 
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do to help you?" by saying "I do not know, I'm just here for tiie extra credit..." This 

response "breached" Helen's normal environment because virtually all of the students she 

normally meets have a prior interest in what Helen could do to help them in their 

educational goals. As such, Helen would never have the occasion to advise a 

disinterested student! 

During her phase 3 activities with interested students, Helen was able to 

successfully navigate the software's interface with minimal difficulty. However on this 

breached episode of using the research software, Helen responded with confusion, or 

anomie (Hilbert, 1992). At the conclusion of this episode, Helen tumed to me and said, 

"I just wish I could DO something for you. I just seem to have trouble." She confirmed 

my suspicion over her confusion later at an informal member check when she exhorted 

that she "Just did not know what to do! I mean, [the student] didn't WANT to be 

advised, so what COULD I do?!" This incident is an example of how, unlike Lucy, 

Helen appeared to depend upon her student advisee to ask questions and direct an 

advisement session as much as her own knowledge of the student advisement task, to 

assist her in accomplishing this job. This observation of "situated action" is supported by 

the research of Carroll (1984, 1990) and Suchman (1987) who state that the context of a 

job's performance is as important in accomplishing the job as is a person's knowledge or 

skill. Other empirical research identifies the apparent phenomenon of context-bound 

leaming, situated cognition (Perkins & Salomon 1989; Brown, Collins & Duguid, 1989; 

The Cognition and Technology Group at Vanderbilt, 1990) and the contextual and 

perceptual rooting of "practical" action (Garfinkel, 1967; Goffman, 1967, 1972a, 1972b; 

Blumer, 1969; 1972; Heritage, 1984; Livingston, 1987; Hilbert, 1992). 

The quantitative analyses (LeFever, 1990) compiled for this (sixth) episode 

indicates that Helen interacted minimally with the research software. Throughout this 
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entire episode, she clicked only 9 buttons and property sheets containing superficial 

demographic and minimal academic data (Figures H.18 & H.19). The full Markov 

analysis of this episode also indicates that Helen's behavior with the research software 

failed to achieve a statistical significance (x^ = 47.71. df = 55, p < 0.05). Within this non

significant matrix, the only significant components of the Z-matrix analysis (LeFever, 

1990; see also Appendix E) were in her actions to (a) exit the software, (b) view the 

student's "Grades and Transcripts" and "Transfer Credits" screens (Figures H.3, H.18, 

H.19, & H.20). However as indicated in the failure of this episode's Z-matrix to achieve 

a "Markov property" (LeFever, 1990), these significances were not powerful enough to 

cause a statistical significant "Markov property" to exist in the entire matrix. 

Despite this breaching of Helen's concept of advisement, data analyses indicate 

that a statistically significant Markov property was achieved after she used the software 

four times (Table 4.6). This evidence suggests that the process of breaching a person's 

normal working (and leaming) environment during a research project can have the side-

effect of eliciting data that may not be generalizable to authentic situations. It may be 

argued that the lack of authentic context, and Helen's inability to realize normal "situated 

action" (Suchman, 1987) that was the real culprit in Helen's confusion, not the research 

software's interface. Other research in human-computer interface design verifies the 

importance of a "real" environment in research venues by providing elaborate stages to 

emulate real work environments (Carroll, 1990). Similarly, research in situated cognition 

adds credibility to the argument that persons act at least partially in response to their 

surroundings and the perceived context of the extant situation (Perkins & Salomon 1989; 

Brown, Collins & Duguid, 1989; The Cognition and Technology Group at Vanderbilt, 

1990). 
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Ouantitative Results 

As was found with both Terry and Lucy when each of Helen's episodes with the 

research software was analyzed separately, no statistically significant Markov properties 

were identified. However, when data from each episode were added together in a cascade 

fashion (e.g., [episode #1 + episode #2], [episode #1 + episode #2 + episode #3], etc.) 

statistically significant Z-matrices were achieved. The first identification of a significant 

Z-matrix occurred upon adding together Helen's first four episodes with the research 

software. Each subsequent cascaded matrix achieved a statistically significant Markov 

property (Table 4.6). This offers support to the above criticism that the statistical 

instmment used in this research may not be sensitive enough to identify significant 

pattems with the small amount of stochastic data sometimes collected in a single episode. 

Table 4.6, %̂  df and p values for Z-matrices when each of Helen's 
individual episodes with the research software was added 
in a cascading fashion. 

Episodes # 

1 
1+2 
1+2+3 
1+2+3+4 
1+2+3+4+5 
1+2+3+4+5+6 
1+2+3+4+5+6+7 
1+2+3+4+5+6+7+8 
1+2+3-K1+5+6+7+8+9 

x' 
62.67 
93.54 
216.43 
367.13 
1601.53 
1722.99 
1985.07 
2745.16 
2862.75 

df 
71 
89 
155 
271 
755 
755 
811 
1121 
1121 

V. 
>.25 
>.25 
>.25 
<.005 
<.005 
<.005 
<.005 
<.005 
<.005 

Ouantitative evidence of leaming the research software. In the analyses of 

sequential data recorded during Helen's interaction with the research software, the first 

statistically significant evidence of leaming was identified after she had used the software 
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four times. The Z-matrix representing the accumulation of these four episodes reflected a 

Markov property representing statistically significant pattems of interaction with the 

research software (%' = 367,13, df= 271, p < 0,05). Sixteen separately leamed pattems of 

significance in Helen's interaction contributed to this result. These pattems are detailed 

in Appendix F.3. In terms of the aims of this research, several of these pattems are of 

interest. 

The first entry in table F.3 indicates that Helen leamed how to exit the software 

(Table F.3, item #1). Because there was only one way to perform this operation, this 

significance is not surprising. It is interesting, however, that she appears to have leamed 

several pattems for preparing to quit the software (Table F.3, item #9 & item #16). The 

data indicate that there was a high Ukelihood of Helen inspecting a student's address data 

(Figure H.18) immediately prior to clicking the "Start and Stop Here" tab and "Quit 

Using this Program" button (Table F.3, item #9), The data also indicate that she leamed 

to exit the software immediately following a review of the Teacher Certification scrolling 

field (Figure H.22, Table F.3, item # 16). 

The stochastic data analyses also indicate that Helen leamed several methods of 

finding a student's records. She leamed that she could select the "Advisement" property 

sheet first, then invoke a "Find" operation (Table F.3, item #3). This was her most 

frequent method. The data also indicate that she leamed to "Find" a student's record 

from other locations in the software (Table F.3, item #6). In terms of Carroll's (1990) 

argument that computer interfaces should permit leamers to invent their own instmctional 

design, the research software appears to have been successful in permitting Helen to 

exercise improvisational or ad hoc solutions as she sought solutions to her needs as she 

identified them. The fact that Helen, the most skeptical computer user in this study, was 

able to leam these varied methods argues favorably for the leamabiUty of the software. 
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Helen also recorded statistically significant pattems for performing other tasks. 

However, many of them were recorded during episodes when she verbalized that she was 

in the process of exploring the software. In particular, she investigated several areas of 

the research software that were designed to support Jean's job of admissions processing 

(Table F.3, item #2, #4, #6, #7). When questioned about her probing around the software, 

she explained that she was "Just seeing what's here...", perhaps trying to decide if the 

software was 'worth her time.' 

Finally, the only error encountered by Helen during her work with the research 

software occurred when she entered an incorrect social security number. This error was 

the result of a typographical error and as such is a mistake that could not have been 

prevented by any "leamability" design features built into the research software. 

Jean 

Jean was the first research participant to be introduced to the research software. 

Unlike her colleagues, she did not use the software to assist her in performing academic 

advisement. Instead, she used it to assist her in her admissions processing job. Jean is the 

only one in this workgroup to perform this task. While she occasionally seeks assistance 

from Lucy, Helen or Terry, she is independentiy responsible for processing all student 

applications for admission to the college and preparing reports to be distributed to other 

colleges in the university and to the associate dean who administers this office. 

The admissions processing job performed by Jean is substantially different from 

the advisement job performed by Terry, Lucy and Helen. It is a repetitive, procedural 

task that may contain well-defined sub-tasks depending on the status of the application 

currentiy being processed. As described above, the interfaces created for this part of the 

software were substantially influenced by Jean's black book. As a result, phase 3 data 
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represents Jean's experience of adapting her own codified procedures to the research 

software in performing her admissions processing job. 

Because all 25 applications were handled in a single, two-hour long session the 

dataset is much larger than that compiled by her colleagues. This larger dataset permitted 

me to identify paths of interaction across each individual application processed. Similar 

paths were not identified in the analyses performed on Terry's, Lucy's or Helen's 

quantitative phase 3 data. This finding solidifies the above criticism that the research 

instrument used for quantitative analyses (LeFever, 1990) may require substantial 

amounts of data for it to elicit useful data for leamability assessments. 

Oualitative Findings 

As I watched and Hstened to Jean during her two-hour session with the research 

software, I noted that she verbalized many questions regarding its use. Unlike Terry and 

Lucy, providing a verbal protocol seemed to be an easy task for Jean. In many cases she 

also replied back to herself with quick answers. Jean solved many of these question-reply 

pairs very quickly as she navigated through the software in the process of performing her 

admissions processing job. Sometimes she was able to make sense of the system easily, 

while other times she spent more time exploring the research software before deducing 

possible solutions. 

Carroll (1990) notes that this is a common practice among computer using 

professionals. "People are always trying things out, thinking things through, trying to 

relate what they akeady know to what is going on, recovering from errors" (p. 74). 

Carroll continues that working people "are too busy leaming" to make use of formal, 

systems-oriented instmction. He relates this assertion to the constmctivist notion that 
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"coordinating prior knowledge with new experience is necessary for meaningful learning, 

indeed for meaningful experience at all" (p. 75). 

Development of awareness. Portions of Jean's interaction with the research 

software and verbal protocol data contain sections that argue for her ability to make these 

connections and move from a suspicion or closed awareness to an open awareness (Glaser 

& Strauss, 1972) very quickly. On her first episode with the research software her verbal 

protocol shows that she was able to make use of PLSS labels to move from a suspicion 

awareness to one that is open "...so, what do I click? Okay, this 'Admissions' thing ... 

(Figure H.4) all right..." Her initial question ("so, what do I click?") was followed by a 

statement indicating her suspicion ("Okay, this Admissions thing...") and then a 

confirmation that it contains data she associated with her admissions processing job ("all 

right"). 

In addition to this, Jean's verbal protocol shows a similar phenomenon as she 

used PLSS labels to assist her in leaming how to locate a student's records in the research 

software. "Okay... Find, ugh... 'Start to look for student's record by clicking the find 

button...' Okay, click the 'Find' button." As shown here, Jean simply used the PLSS 

labels to help her in accomplishing what she thought was necessary. Upon clicking the 

"Find" button (Figure H.4) she made similar use of PLSS labels to direct her subsequent 

actions. "'Type the social security number and last name of the student, Okay button to 

look'... now let's see... I'll type in her social [security number]." 

These comments indicate that she used the PLSS labels in the research software to 

overcome Carroll's paradox of sense making and the seminal computer question to 

coordinate prior knowledge and to determine how to make this software do what she 

wanted to do! Supporting evidence that she had achieved an open awareness and leamed 

these features was provided later when she began to forget to verbally announce her 
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performance of these procedures. Ericsson and Simon (1980) indicate that once a person 

has leamed a procedure to automaticity, they will no longer include it in their verbal 

protocol. Their explanation of this phenomenon is that when a task is leamed to 

automaticity it no longer occupies short term memory space. They continue that 

verbalizing can only be accomplished for items occupying short-term memory. 

Jean also exhibited actions suggesting that components of the interface's design 

and arrangement not only helped her to become aware of what could be used in her 

admissions processing job, but also if a particular item in the software was not useful in 

her current task. Such an awareness implies that Jean would commit few errors as she 

used the research software. In one such instance as she explored the research software in 

search of some data, she had adventured away from the Admissions property sheets 

(Figures H.4 - H.17) and found herself in the Administrative Holds screen on the 

Advisement property sheet (Figure H.25). As before, Jean's verbal protocol shows that 

she was able to achieve awareness of the purpose of features in the research software's 

interface as she explored. 

Umm, and ... hmmm, let me see. let me see if there's anything under Advisement 
anywhere... (sound of mouse clicking as she navigated through property sheets) 
I'm just wondering what this is... I don't think I need this. I mean, I don't think I 
need to find anything here... No, I don't have anything to do with these or the 
bursar or housing (inspecting the Administrative Holds screen. Figure H.25), or 
anything... None of that affects if they get admitted or not. No, Lucy would 
normally do this. 

The ability to sort through the research software in the way demonstrated here is 

of importance in any leaming task in that it helps a person to discriminate what they 

should and should not attend to so that leaming energies are not wasted (Carroll, 1984, 

1990, 1992). Similarly, media and instmctional designers advise that all instmctional 

media should be prepared so that the intended audience is able to interpret their meaning 
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without difficulty (Horton, 1991, 1994; Heinich et al., 1996). In this instance, the 

combination of PLSS fields, and "inner" design criterion permitted Jean to achieve 

"awareness" of an unfamiliar software and determine if and how it could be used to assist 

her in her admissions processing job. 

In an example of these recommendations from Carroll and media designers 

(Can-oil, 1984, 1990; Horton, 1991, 1994; Heinich et al., 1996), as identified in phase 1 

analyses, in terms of providing a leamable interface, it was necessary to provide "learning 

on demand" in the use of the "standard but unfamiliar" drop down box interface control 

(Microsoft, 1992), In the course of processing a student's application for admission to 

the college, Jean must transfer the student's preferred teaching fields from his or her 

application to the research software. She needed to use one of these unfamiliar drop 

down boxes to accomplish this part of the admissions processing job (Figures H.9 & 

H.IO). PLSS labels were employed to provide this "just in time" instmction. Her verbal 

protocol shows that these labels were sufficient for Jean's needs. "Mmmmmm, 

'Teaching Fields' ... well, let's see, click the down arrows and select'... Okay, she's 

wanting to teach ... (sound of mouse clicking as she scrolls down the newly opened drop 

down box)." 

It may be argued that this use of PLSS fields could also facilitate "releaming" the 

software after long periods of disuse. Phase 1 observations and task analyses indicated 

that this was a need, based on Jean's twice yearly use of the software. This need was also 

reflected as one of the primary design criteria (Figure 4.16). 

Anti-flow and anomie situations: Breaching. There were instances where 

"satisfices" in the design of the research software "breached" Jean's experience of how 

software should be designed. This "breach" instigated an "anti-flow" (Allison & Duncan, 

1988) situation where Jean's current knowledge was in conflict with the apparent 
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capabilities of the research software. Despite this breaching however, Jean was able to 

combine her current knowledge of computers and information provided in PLSS labels to 

"leam" components of the research software's interface. 

As explained above, when designing the "Admissions Processing" component of 

the software, I sought to implement a print preview feature that would enable Jean and 

her colleagues to inspect an onscreen example of how a memo, label, letter or report 

would look, before invoking the print command. My phase 1 observations indicated that 

this feature was one that Jean knew about and used. As a result its inclusion was based in 

the desire to provide the research participants with a software application that would 

appear to be useful enough to be worth leaming (recall Helen's "Missourian" philosophy 

regarding new innovations). However, as explained above, my technical expertise was 

not sufficient to implement this feature. Therefore, to complete the design I incorporated 

verbose PLSS labels onto the two "Print" property sheets (Figures H.l 1 & H.12). Each 

of these PLSS labels was written in accord with indexical descriptions I had heard Jean 

use during our phase 1 interviews and or that were reflected in her black book. If there 

was a conflict between these two sources, I chose to incorporate her spoken names as 

standards because of her practical, everyday use of them. 

When Jean identified the need to output paper reports of her admissions 

processing work with the research software, she easily located these two "Print" property 

sheets (Figures 4.17 & 4.18). However, upon seeing the lists of many possible memos, 

labels, letters and reports she also expressed an unforeseen concem. "I cannot use [the 

research software] to look at 'em? ... I want to see it on the computer." Jean expected a 

print preview command but one was not available. At this point, she hesitated, unable to 

think of any means to view each printout. After several seconds however, she decided to 

follow advice presented in the PLSS fields on these two property sheets (Figures H. 11 & 
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H. 12); "Click the blue box next to each needed item, then click 'Print.' While this 

component of the research software breached Jean's expectation of how the research 

software was designed, she was still able to leam what each report looked like, by 

following advice presented in PLSS fields. 
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Figure 4.17. Print memos property sheet. 

Ouantitative Results 

Unlike her colleagues, all of Jean's interaction with the research software 

occurred during a single session. In this session, she processed all of the student 

volunteers' applications for admission to the teacher education program. A total of 25 
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applications were processed. Table 4.7 indicates that the Z-matrix representing Jean's 

phase 3 interaction with the software achieved a statistically significant Markov property 

{y^ = 4460.27, df= 1639, p < 0.005) The section that follows describes the analyses of 

Jean's phase 3 data that contribute to answering the questions posed in this study. 
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Figure 4.18. Print label, letters and reports property sheet. 

Data analyses of Jean's phase 3 data suggest that her interaction with the software 

followed a typical scenario. This typical scenario proceeds sequentially through the 

software's property sheets in a linear way. For example, the data analyses show that Jean 

usually (a) clicked the "Find" button on the "Admissions" property sheet, then (b) clicked 
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the "Click here if transcripts WERE NOT supplied by this student" checkbox (Figure 

H.7). Once these steps were performed, (c) she proceeded to the "Teaching Fields, Certif 

I^vel and Apphcation Essay" property sheet tab (Figure H.9) and (d) selected from the 

"First Teaching Field" drop down box and the (e) "Second Teaching Field" drop down 

box (Figure H. 10). She then typically entered data in (f) the "Add additional 

information..." and (g) Add any exceptional criteria..." fields (Figure H.9). After 

selecting and entering these data, she (h) clicked one of the five "Certification Level" 

checkboxes (Figure H.9). 

Table 4.7. y^, df and p values for Jean's phase 3 interaction with 
the research software. 

Episode # X̂  ^ £ 
1 4460.27 1639 < .005 

Other sequences typically performed during Jean's phase 3 interaction with the 

software include the pattem of (a) selecting the "Printing Memos, Labels, Letters and 

Reports" property sheet, and (b) selecting from one or more of the items located on the 

(c) "Memos" or "Labels, Letters and Reports" property sheets (Figures H.l 1 & H.12). 

Each of these "steps" in these "paths" was a significant contributor to the 

achievement of a Markov property in the dataset (Table 4.7). As described above, such 

significant pattems may be argued as evidence of learned behavior. Confounding this 

argument however, is the fact that many of these steps are associated with trip points in 

Jean's interaction while others are associated with jump points (Table G.8). Finally, as 

with her colleagues, analyses of Jean's quantitative data shows that she learned to exit the 

software. This action was associated with significant Z-matrix values and with a jump 

point (Table G.8). 
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Also clouding an assertion of leamability is research from Schuerman and Peck 

(1991) establishing that it is statistically probable an individual will proceed sequentially 

from left to right and top to bottom through any unfamiliar software. As a result, it is 

underdetermined if these quantitative data may stand alone in arguing for the leamability 

of the software, or add support to Schuerman and Peck's (1991) findings. In conjunction 

with the qualitative data however, Jean was aware of her actions in searching and using 

the software and in fact leamed how to use it to assist her in completing the admissions 

processing job. 

Summary 

Phase 3 findings included both qualitative and quantitative data. These data 

provide a confluence of evidence supporting the assertion that the research participants 

were able to overcome the seminal computer question without explicit instmction, as they 

used the research software. Unsolicited comments from the research participants argue 

similarly. "Well, if it weren't easy to leam it wouldn't be very easy to use, now would 

it... of course it's easy to leam!" (Lucy); "Well, it's really self-explanatory" (Helen); 

"Oh, this is wonderful! It gives it all!!" (Terry). 

In terms of the qualitative and quantitative support for leaming specific subtasks, 

while the establishment of leaming how to start or to exit the software may be thought of 

as trivial, existing research indicates that many computer users have substantial difficulty 

learning how to perform them (Carroll, 1984, 1990). Evidence that the design 

methodology used in this study contributed to making these sub-tasks easy-to-leam 

provides an argument for the applicability of this study's design methodology to 

contribute in the process of human interface design. 
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The findings of this study also show that there is a necessary synergy between 

inner and outer factors when designing easy-to-leam computer interfaces. The chunking 

(Tables 4.1 & 4.2) of data throughout the research software proved to be a valuable 

feature for Terry. It is possible that it both minimized any necessity to explore in search 

of data and similarly reduced the potential that a computer user could become lost in the 

interface. 

The outcomes of phase 3 of this study show that the human-computer interface 

design methodology analyzed in this study successfully answered each of the research 

questions. In Chapter V, below, I review each chapter in this study and discuss the 

outcomes of this research in terms of existing theory and practice of human-computer 

interface design. I also posit future research opportunities in which the findings of this 

study may contribute to better understanding of factors germane to the research and 

design of leamable human-computer interfaces and microcomputer software applications. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

In Chapter I of this study, I identified a problem that is common to many venues 

where computers are used-leaming how to use computers to do practical work (Carroll, 

1984, 1990, 1992; Carroll & Rosson, 1987). I called this problem the "seminal computer 

question" and argued that it is an inherently indexical and reflexive problem. I have also 

argued that modem methods of human-computer interface design do not address this 

problem. After reviewing modem human-computer interface design practices and 

theories I argued that modem human-computer interface design methods are ill-suited to 

address this problem. I have provided evidence that this inability results from a focus on 

usability. Usability attempts to optimize the design of the mechanical functions required 

in a human-computer system but ignores the contexts under which many computer tasks 

are performed. Because the problem manifest in the seminal computer question is so 

context dependent, I have argued that its solution is resistant to design methods based on 

usability and also to traditional methods of instmctional design that depend in part on the 

ability to establish explicit procedures and goals independent of context. 

In Chapters n and IE of this study, I reviewed existing research and methods that 

may overcome this problem and permit a researcher or human-computer interface 

designer to elicit contextual data that is indexical and reflexive to practices of doing work 

and of using computers to assist in doing work. From this, I proposed a new design 

methodology aimed at permitting a designer to produce computer software that is 

leamable. I also proposed a novel combination of assessment tools to determine if this 

design methodology could be successful in producing a leamable human-computer 

interface. 
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In Chapter IV, I described how these proposed methodologies were invoked to 

design a microcomputer database application for a four-person workgroup. Finally, I 

described the research participants' use and leaming of the research software in both 

qualitative and quantitative terms. In the sections that follow, I discuss these outcomes. I 

also posit future research opportunities in which the findings of this study may contribute 

to better understanding of factors germane to the research and design of leamable human-

computer interfaces and microcomputer software applications. 

The research and design methodologies discussed above comprise a synergistic 

set of tools I call DesiL, Designing for Leamability. As shown, when these 

methodologies are used in combination, a human-computer interface designer may expect 

that the resulting computer interface will permit computer users to leam how to use 

software without explicit training. 

The Research Ouestions 

Will the process of human-computer interface design, when informed by, (a) 

ethnographic study of the research participant's work environment and methods, (b) 

Cool's (1993) three part typology and (c) current "standards" of human-computer 

interface design (Horton, 1991, 1994; Tognazzini, 1992; Hix & Hartson, 1993; Nielsen & 

Mack; 1995), permit the development of a computer interface that: 

RQl. matches the outer environment created by a computer user's context-based 

perception and interpretation of a task, and 

RQ2. is leamable without special tutoring or instmction? 
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Research Ouestion #1 

In answering RQl, phase 1 data analyses were facilitated by the use of a research 

metaphor that fi-amed the research participants as nurses or emergency medical 

technicians. Their work related actions and methods were described and an 

understanding developed in concert with that metaphor. In the process of developing and 

explicating this metaphor, data were collected that satisfied components of Cool's (1993) 

design criteria: (a) a stereotypical demographic knowledge of a computer user and (b) 

past experiences of a computer user. These data were then melded into a computer 

interface that utilized "industry standard" components and design features (Apple, 1987; 

Horton, 1991, 1994; Microsoft, 1992; Tognazzini, 1992; Edson, 1994). 

An answer to RQl was inductively achieved through phase 3 qualitative data 

analyses. Success in "matching" the research participants' outer environments of work 

was achieved insofar as they were able to identify and to subsequently make use of parts 

of the software with minimal dismption to the accomplishment of their advisement or 

admissions processing activities. This success was identified in the qualitative 

similarities identified between phase 1 and phase 3 activities. For example, Terry 

appeared to maintain her "model 11" and "model I" practices, originally identified in 

phase 1, in my observation of her phase 3 advisement duties. Lucy was also seen to 

practice her iterative "diagnosis" and "treatment" cycles throughout both phases 1 and 3. 

The research participants appeared to be able to "sit down and use" the research 

software with minimal intermption to tiieir accomplishment of everyday work. Notable 

exceptions to this were observed in the "breaching" of Helen's perception of the 

advisement context. However, as noted above these breaches did not appear to be caused 

by the software. Rather they appeared to be rooted in the unexpected behavior of her 

"advisees." 
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Research Ouestion #2 

The combined use of qualitative and quantitative data collection and analysis tools 

in phase 3 of this study were intended to elicit data that would contribute to the answering 

of RQ2. In chapter IV above, I described episodes in which the research participants 

demonstrated an awareness of how the research software was to be operated in support of 

their advisement or admissions processing duties. In virtually all of these cases, PLSS 

labels were identified as a factor permitting this awareness to occur. This conclusion 

resulted from analyses of the research participants' verbal protocol transcripts, in which 

they were shown to first read a PLSS label, then decide if it was of use to them in solving 

their currentiy perceived need. Thus, information supplied by PLSS labels was seen to 

not only help the research participants adapt current skills and knowledge to the 

unfamiliar research software, but also to provide context bound guidance in how to use 

unfamiliar interface components. Verbal protocol data also provided evidence that the 

research participants were successful in leaming task related skills to automaticity after 

several episodes of using the research software. 

In the sequential data collected from Jean's phase 3 admissions processing 

activities, data analyses indicated that she "leamed" a pattern of interaction with the 

software that was acquired in less than two hours and that appeared to contribute to her 

ability to use the research software in performing this task. The overall accumulation of 

each research participant's quantitative data provides substantial evidence that they were 

able to successfully leam how to use the research software to perform aspects of their 

jobs without explicit training. 
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Importance of the Research Findings 

Theory 

Substantial components of the theory and practice of human-computer interface 

design limit their attention to mechanical and psychomotor factors relative to the 

computer system and its human users. As a result, existing theory concerns itself 

primarily with the mechanical efficiency of a human-computer system. This attention 

excludes any allowance of the context of the human users in that system. This concern is 

reflected in the definitions of usability presented in chapter I. 

This study's focus on leamability transcends such a preoccupation with 

mechanical and psychomotor (inner) design factors and includes the perceptions and 

interpretations of users of a computer system vis-a-vis their computer related tasks. 

Results of the study support arguments presented by Carroll (1984, 1990), Suchman 

(1987, 1995) and Cool (1993) indicating that a leamable computer software interface may 

result when these latter factors are incorporated into its design. With such an "outer" 

focus, this research cuts a new facet onto existing theories of human-computer interface 

design, one that accommodates existing theories and practices but also argues that a new 

viewpoint be included into its study. 

Practice 

The discipline of computer software design has two purposes: (a) to codify a set 

of instructions to guide a computer in the performance of some task and (b) to give a 

computer user relevant control over that task. The second of these purposes is 

accomplished through the specification and design of the human-computer interface. 

However, current practice in human-computer interface design limits itself primarily to 

enabling a computer user to have relevant control over computer functions that were 
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defined a priori. However as framed by the seminal computer question and Carroll's 

(1990) paradox of sense making, merely enabling a computer user to perform some 

function does not necessarily result in the user knowing how or when to perform that 

function. 

This research forwards a design methodology that responds to this criticism and 

the recommendations of Cool (1993), Carroll (1984, 1990, 1992) and Suchman (1987, 

1995) by studying the work practices of computer users and fusing the resulting data and 

"standards" of interface design (Apple, 1987; Microsoft, 1992) into the design of a 

human-computer interface. 

Results indicate that the research participants were able to learn how to use the 

resulting software quickly and without explicit instmction. This design methodology 

appears to have been successful in producing leamable software. Because the research 

software also incorporated "standard" interface elements (that were developed under the 

banner of usability), it may be argued that the design also complies to some extent with 

usability concems. This study therefore contributes a viable means for designing 

software that is both easy to leam and easy to use. By enabling the design of leamable 

and usable software, this methodology adds to the current practice of human-computer 

interface design. 

The design methodology forwarded here is fundamentally non-deterministic. A 

practitioner who chooses to employ the DesiL methodology will be supplied with data 

relative to how a computer user or users perceive and interpret their roles and the use of a 

computer to fulfill those rolls. These data do not however, prescribe how to design easy-

to-leam software interfaces. Because DesiL is non-deterministic, an interface designer is 

free to input his or her own interpretations and stylistic preferences into the design. In 

this way, DesiL honors a designer's individual skill and knowledge. 
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Methods 

The methodologies employed in this study add powerful tools to the current 

collection employed by researchers and practitioners of human-computer interface 

design. These tools provide a mechanism for identifying and describing factors useful to 

the design of both leamable and usable human computer interfaces. By providing such 

tools, both researchers and practitioners may extend their capabilities beyond current 

limits imposed by their varied disciplines. 

Application of the Research Findings 

While this research does not assert any degree of generalizability beyond the 

current study, results do imply potential uses of the DesiL design methodology. These 

potential applications span academic, professional and casual uses of computer software. 

"Satisficed" or "Optimal": A Disagreement with Simon 

Simon (1984) contends that the process of design of human-machine systems is 

such that optimal decisions may not be achievable. To Simon, an optimal design is one 

where all conditions involved in a system may be predicted and accommodated a priori. 

An example of this is a mechanical or physical system that follows scientifically 

determined "natural laws." Simon's conclusions are based on the notion that human-

machine systems must account for unpredictable factors given to human behavior. 

Instead, he states that the design of human-machine systems must be "satisficed" as a 

compromise between what is desired and what is practically achievable. Simon's 

definition of "optimal" appears to be presented from an engineering perspective where a 

design engineer endeavors to exercise total control over a system. Simon defines these 
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situations as "well defined" because each element in such a system may be fully 

circumscribed and controlled. In situations where such control is not possible, he 

identifies an "ill defined" problem because design decisions and results cannot be 

predicted and evaluated objectively and without equivocation. 

To Simon, the design of a human-computer interface might therefore be termed an 

"ill defined" problem because although the electronic and logical functioning of the 

computer may be codified, the perceptions and interpretations of the human operator in 

terms of human-computer interaction may not be. Simon might argue that the design of a 

human-computer interface must be "satisficed" to accommodate the perceptual, 

interpretive, psychomotor and/or cognitive limitations of the computer user. Under a 

satisficed design, the system's design is intentionally compromised to account for one or 

more of these uncontrollable human factors. 

However, with the goal of designing a leamable human computer interface, this 

study appears to have achieved not a satisficed design, but one that approaches an optimal 

one. This was achieved by identifying and delineating factors of the human component 

and then weaving them into the interface design. The result was one where leamers were 

able to quickly achieve awareness of functions and features in the software that were 

useful to them. In terms of the goal of leamability, it appears that the design was not 

satisficed at all. 

The resulting interface is "tuned" to one specific group of computer users. This 

may not be viewed as a Umitation however. In her study of computer use in professional 

settings, Suchman (1995) calls for a cessation of standardized, multipurpose and vertical 

market software designs in favor of software that is prepared for specific tasks and user 

groups. DesiL technology may be an appropriate tool for use in advancing toward this 

goal of purposively designed software and human-computer interfaces. There are 
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important ramifications to Suchman's suggestion—some of which apply to groups of 

computer users not considered by Suchman. 

Permitting Leamers to Focus More on Instmctional Material 

With the rapid achievement of automaticity observed among the research 

participants in this study, they were able to overcome the "production paradox" (Cartoll 

& Rosson, 1987; Rosson & Carroll, 1995) and focus more of their energies on the task at 

hand (advisement, admissions processing) instead of on trying to "figure out" the 

research software. 

With design for leamability, it is possible that conventional computer-assisted-

instmction (CAI) software may be modified so that leamers may likewise spend more 

cognitive energy on leaming embedded instmctional content and less on trying to "figure 

out" how to manipulate the CAI program itself To tiiis end, the leamability assist 

provided by PLSS labels may be enhanced by analyses of leamers similar to that utilized 

during phase 1 of this research. Also, it is conceivable that software could be designed so 

that individual teachers could modify PLSS labels for individual classes or individual 

students. In this scenario an individual teacher could customize her own PLSS label text 

(based on her knowledge of leamer attributes) prior to the actual use of a CAI program. 

In this way, leamability assistance is converges on the local needs of a group of leamers 

instead of being overgeneralized from some set of a priori assumptions. 

Retraining or Updating Technical Skills 

One of the design criteria stated in phase 2 was that the interface be easy to 

releam after long periods of disuse. Although this criterion was not verified by the 

current study, by working to achieve releamability the design methodology may be 
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applicable to situations where computer users have a need for releaming technical skills 

that have been allowed to atrophy. By incorporating leamability design into a software's 

interface, skill updating or retraining may be accomplished without scheduled training 

sessions, saving cost in both lost productivity and formal training. The high cost of 

professional training and retraining is identified by some researchers as a substantial 

burden to modern business and industry (Can-oil, 1984, 1990, 1992; Gery, 1990; Can-oil 

& Rosson, 1995; Compeau, Olfman, Sein & Webster, 1995). Designing for leamability 

has the potential for alleviating some of this burden. 

Similarly, training information workers in the use of new equipment and software 

has been recognized as a substantial cost both against worker productivity and in the 

development and delivery of formal instmction (Gery, 1990; Carroll, 1984, 1990, 1992; 

Carroll & Rosson, 1995; Compeau, Olfman, Sein & Webster, 1995). Furthermore, 

research indicates that some systems-type instmctional design and delivery models are 

inappropriate and largely ineffective in fumishing information workers with adequate 

developmental experiences (Carroll, 1984, 1990, 1992) enabling them to perform even 

simple tasks. Software designed with the assistance of DesiL technologies has the 

potential of permitting workers to leam new software and related skills "just in time" and 

in a genuine context as they actually perform their work. 

Reducing Roadkill on the Information Superhighway 

Research shows that users of hypermedia information stmctures are likely to 

become disoriented and "lost in cyberspace" (Heinich et al., 1996). Application of the 

DesiL technology may permit a software designer to create a hypermedia interface that 

provides its users with data that assist them in "keeping track" of their activity within the 

hypermedia database. The research software developed in this study was based on 
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property sheets (Edson, 1994) and text based PLSS labels. Other leamable designs may 

incorporate the three-part semiotic elements described in Chapter 11, above. Findings of 

this research are indefinite in this regard. Further research is necessary to determine if 

these design elements improve leamability in other computer interface contexts. 

Using DesiL Technology to Improve Informal Software Development 

Modem rapid-application-development (RAD) software development tools permit 

non-professional programmers to create and distribute elaborate and critical business 

applications quickly. However, Mimno (1995) indicates that the design and production 

of such applications by persons not trained in formal software development methods 

often leads to software that is notoriously difficult for persons to use and to subsequentiy 

maintain. 

The developers of these "informal" software applications are often engineers or 

other employees within the corporations where the software is to be used. Consequently, 

the software's author may already possess "insider" knowledge of the problem to be 

solved by the software. Above, it has been shown that such insider knowledge can be an 

important contributor to the design of leamable software. 

Even if this were not the case, DesiL technologies make use of ethnographic data 

collection and analyses techniques that are accessible and practicable by persons even 

untrained in their use (Lincoln & Guba, 1985). As a result, the DesiL technologies may 

assist persons not trained in formal software engineering to use their existing "insider" 

knowledge or to perform an investigation of a worksite and to develop software that 

addresses both inner and outer design criteria. 
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Addressing the Production Paradox 

The production paradox (Carroll & Rosson, 1987; Rosson & Camoll, 1995) 

identifies a conflict between a worker's desire to begin producing useful results from his 

or her computer work and the frequent necessity to undergo training in a software's use 

before such useful results may be achieved. By providing assistance in the use of 

unfamiliar software within the context where the software is being used, workers may be 

able to reduce or eliminate their own need for training. The passive-learning-support-

system (PLSS) offers this kind of assistance toward a potential solution to this paradox. 

Additionally, through ethnographic analyses as suggested above, a software 

designer may discover important symbols and methods used by members of a workgroup. 

PLSS labels that incorporate these symbols, and an overall software design that 

accommodates these "methods," may similarly reduce problems introduced by the 

seminal computer question and this production paradox by "fitting" the interface to its 

users. 

Future Research Recommendations 

This study provides evidence of the success of the DesiL methodology when it is 

incorporated into the entire software design process. Future research and design efforts 

may test the ability of the DesiL methodology to enhance the leamability of existing 

software by applying it as a post hoc "retro-fit." Conclusions drawn from this study also 

indicate the need for future research and design efforts at refining the DesiL process. 

These efforts may span both academic or basic research and applied research. 
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Combined Methods 

This study combines both qualitative and quantitative methods for informing and 

assessing the "leamability" of a human-computer interface design. Qualitative 

methodologies were the sole contributors in the design phases of this study (phase 1 & 

phase 2) and both qualitative and quantitative methods were used in the assessment of 

leamability in the resulting software. 

In this study, the qualitative methodologies employed were successful in 

permitting me to design and produce "leamable" human-computer interface designs. 

However, it is not known which methodologies contributed most significantly to this 

study's results. Nor can I assert "how much" of each method is necessary to ensure the 

design of leamable interfaces. Additional research is therefore required in which these 

methods are "pulled apart," and used independentiy. Such research may contribute to a 

better understanding of the factors necessary in designing for leamability. The following 

sections describe components of the DesiL methodology worthy of more detailed study. 

The Value of Language in "Leamable" Software Interfaces 

Findings of this study indicate that language is a principal medium through which 

instmctional and descriptive information may be transmitted. This study provides a 

theoretical and empirically grounded method for contributing to the design of 

instmctional and descriptive "PLSS labels." However, it does not offer a discrete model 

that may assist an interface designer in guaranteeing that his or her own application of 

this method will be similarly successful. 

The study of language and communications is a deep and manifold discipline, as 

can be seen from the significant and varied work of quantitative and computational 

science (Winograd, 1972; Chomsky, 1977; Goldenberg & Feurzeig, 1987; Pereira & 

211 



Shieber, 1987), philosophy (Wittgenstein, 1958; Kripke, 1982; Pierce, 1985), and 

sociology and antiiropology (Suchman, 1987; Whorf, 1993; Coulon, 1995). This study 

identifies that language has a very important part to play, and suggests that a knowledge 

of the computer user and his or her computing tasks is valuable toward designing easy-to-

leam computer interfaces. It is clear however, that much more research is possible 

toward creating a better understanding of the factors at play in making language work in 

human-computer interfaces and similar applications. 

Methodological Necessity 

It appears that addition of "PLSS labels" throughout the research software's 

interface were a primary factor contributing to its leamability. This is a very clear 

indication that language is a principal medium through which instmctional and 

descriptive information may be transmitted. This study provides a method that is both 

theoretically and empirically grounded for contributing to the design of PLSS labels. 

However, some of the PLSS labels in the research software were written without 

assistance from phase 1 findings ("Quit using this program"). Despite this these labels 

were also found to be very easily interpreted by the research participants. This raises 

questions about the necessity of data collection methods performed in phase 1. 

Must a software designer interview with and observe the persons who will use the 

software, to produce a leamable interface? How much of each type of data collection is 

necessary? Just as the research aimed to facilitate the software leaming process for the 

research participants, so must the DesiL design methodology provide an economical 

means for contributing to the process of interface design. As indicated above, if DesiL 

shares the "several months" required by Mumford and Henshall's (1979) design study it 

will not be accepted in today's RAD (Topspeed, 1994) software design economy. 
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Additional research is necessary to determine the extent to which a designer must employ 

the methodologies suggested here, and if necessary to modify them to provide a more 

practicable tool for interface design professionals. 

Value of "Trips" and "Jumps" as Identified in Oualitative Findings 

Using Helen's data as an example, inspection of the conditions surrounding 

identified "trips" and "jumps," disclosed that increases or decreases in the system's 

entropy were not evidence of leaming or of confusion as suggested in chapter III above. 

The four items associated with "trips" in the software's interface (Table G.5) could more 

typically be identified with the "unpredictable" nature of student advisement and Helen's 

exploration of the software, than they were with confusion or anomie. Similar 

conclusions could be drawn from conflicting "Z-matrix" and entropy tables for both 

Terry and Lucy. 

For example, despite the fact that virtually all student advisement sessions have to 

begin with the location of a student record via a "Find" operation, the act of chcking the 

"Find" button was identified as a trip. However, based on the qualitative analyses above, 

this act did not cause an increase in Helen's confusion. Instead it appeared as a gateway 

into what phase 1 analyses discovered to be a very unpredictable activity-academic 

advisement. 

Similarly, jumps (Figure G.6) identified in Helen's interaction with the research 

software appear more indicative of functionally necessary acts in the job of academic 

advisement, than as reductions in entropy. For example, although the act of exiting the 

software was identified as a jump with an accompanying decrease in entropy, it cannot 

logically be associated with such an effect, simply because no other actions can occur 

following it! As before, it is perhaps a Umitation inherent to the tool chosen, that it is not 
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sensitive enough to identify trip and jump points using the small amount of quantitative 

data collected in this study. Additional research in the use of the quantitative instmments 

used here may help to clarify the methodological benefit of entropy analyses in future 

leamability assessments. 

Unknown "Leamability" Assist from Graphic Media 

Existing research shows that graphic symbols are easy to remember once leamed 

but there is disagreement in how easily their meaning is initially acquired (Barthes, 1977; 

Guastello, Traut & Korienek, 1989; Horton, 1991, 1994; Kacmar & Carey, 1991). The 

theoretical bases for design forwarded in Chapter 11 suggest that multiple modes of media 

assist leamers to understand an unfamiliar computer interface. However, none of the 

computer screens in the research software was able to "fit" the added space required by 

multiple modes. The success of the research participants' in leaming how to use the 

research software without explicit training suggests that graphic symbols are not 

necessary to ensure leamability. Additional research may be performed to better 

dimension the "leamability" factors inherent in the combined use of both graphic and 

symbolic language systems. 

Summary 

This research provides evidence in support of the effectiveness of the DesiL 

technology for creating easy-to-learn-how-to-use microcomputer software interfaces. 

However, it is only a beginning serving to formulate the concept of leamability and one 

means for achieving it. This research does not attempt to solve all questions surtounding 

this new concept, nor do I assume to have identified all concems germane to its study. 
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This work extends the existing theoretical and methodological praxis of human-

computer interface design by incorporating elements identified by Cool (1993), Can-oil 

(1984, 1990, 1992) and Suchman (1987, 1995) that are believed to assist persons in 

leaming how to use microcomputers to perform mundane, everyday work. It also adds 

support to the argument that qualitative research methods are a necessary component in 

the design of human-computer systems (Carroll & Rosson, 1989; Carroll, 1990; Ramesh 

& Dhar, 1992; Hughes, King, Rodden & Andersen, 1994; Shapiro, 1994, 1995; Hughes, 

King, Randall & Sharrock, 1995; Suchman, 1995). 

Finally, it is my hope that this study serves as the beginning of a long and 

productive strand of research and development toward the goal of making 

microcomputers more accessible to persons who have a need to hamess a computer's 

processing power but who also choose not to be "computer experts." In this way, 

concems and fmstrations caused by the seminal computer question and Carroll's (1990) 

paradox of sense making will cease to be an impediment for many computer users. In 

popular prose, my vision for the DesiL methodology is as a contributor toward the 

production of computing equipment that truly is "for the rest of us" (Raymond, 1994, p. 

189). 

215 



REFERENCES 

Allison, M. T. & Duncan, M. C. (1988). Women, work and flow. In M. Csikszentmihalyi 
& I. S. Csikszentmihalyi (Eds.). Optimal experience: Psychological studies of 
flow in consciousness, (pp. 118-137). New York: Cambridge University Press. 

Allwood, C. M. & Wikstrom, T. (1986). Leaming complex computer programs. 
Behaviour & Information Technology. 5 (3), 217-225. 

Alty, J. & Coombs, M. (1981). Communicating with university computer users: A case 
study. In M. Coombs & J. Alty (Eds.). Computing Skills and the User Interface, 
(pp. 7-71). London: Academic Press. 

Apple Computer, Inc. (1987). Human interface guidelines: The apple desktop interface. 
Cupertino, CA: Author. 

Bainbridge, L. (1979). Methodologies for studying human knowledge. Behavior and 
Brain Science. 10. 467-505. 

Barthes, R. (1977). Rhetoric of the image (S. Heath, Trans.). In S. Heath (Ed.), Image, 
music, text. New York: Fontana. 

Baxter, I. & Oatiey, K. (1991). Measuring the leamabiUty of spreadsheets in 
inexperienced users and those with previous experience. Behaviour & Information 
Technology. 10 (6), 475-490. 

Black, M. B. (1969). Eliciting folk taxonomy in Ojibwa. In S. A. Tyler (Ed.), Cognitive 
Anthropology, (pp. 165-189). New York: Holt, Rinehart & Winston, Inc. 

Black, M. B. & Metzger, D. (1969). Ethnographic description and tiie study of law. In S. 
A. Tyler (Ed.). Cognitive Anthropology, (pp. 137-165). New York: Holt, Rinehart 
& Winston, Inc. 

Bloomberg, K., Karlan, G. R. & Lloyd, L. L. (1990). The comparative translucency of 
initial lexical items represented in five graphic symbol systems and sets. Joumal 
of Speech Sr. Hearing Research. 33. 717-725. 

Blumer, H. (1969). Symbolic interactionism: Perspective and method. Englewood Cliffs, 
NJ: Prentice-Hall, Inc. 

Blumer, H. (1972). Society as symbolic interaction. In J. Manis & B. Meltzer (Eds.). 
Symbolic interaction: A reader in social psychology (2nd. ed.) (pp. 145-154). 
Boston, MA: AUyn & Bacon, Inc. 

216 



Bogdan, R. C. & Biklen, S. K. (1992). Oualitative research for eHnration: an introdnr.tinn 
to theory and methods. Needham Heights, MA.: Allyn and Bacon. 

Brown, J. S., Collins, A. & Duguid, P. (1989). Situated cognition and the culture of 
learning. Educational Researcher, 1« (1). 32-42. 

Bmner, J. (1966). Towards a theory of instmr.tinn Cambridge, MA: Belknap Press. 

Byme, M. D. (1993). Using icons to find documents: Simplicity is critical. In S. Ashlund, 
K. Mullet, A. Henderson, E. Hollnagel & T. White (Eds.), Proceedings of the 
Conference on Human Factors in Computing Systems. INTERCHI 93 (pp. 446-
453). Amsterdam, The Netherlands: ACM Press. 

Card, S., Moran, T. P. & NeweU, A. (1983). The psychology of human-computer 
interaction. Hillsdale, NJ: Lawrence Erlbaum, Assoc, Inc. 

Carroll, J. M. (1992). Minimalist documentation. In H. D. Stolovitch & E. J. Keeps 
(Eds.). Handbook of human performance technology: A comprehensive guide for 
analyzing and solving performance problems in organizations, (pp. 331-351). San 
Francisco, CA: Jossey-Bass Publishers. 

Carroll, J. M. (1990). The Numberg funnel: Designing minimalist instmction for practical 
computer skill. Cambridge, MA: MIT Press. 

Carroll, J. M. (1984). Blocking leamer error states in a training-wheels system. Human 
Factors. 26 (2). 35-144. 

Carroll, J. M. & CampbeU, R. L. (1989). Artifacts as psychological theories: The case of 
human-computer interaction. Behaviour & Information Technology. 8 (4), 247-
256. 

Carroll, J. M. & Rosson, M. B. (1987. Paradox of the active user. In. J. M. CarroU (Ed.). 
Interfacing thought: Cognitive aspects of human-computer interaction, (pp. 80-
111). Cambridge, MA: MIT Press. 

CarroU, J. M. & Rosson, M. B. (1995). Managing evaluation goals for training. 
Communications of the ACM. 38 (6). 40-48. 

Chomsky, N. (1977). Essays on form and interpretation. Amsterdam: North-Holland 
Press. 

The Cognition and Technology Group at Vanderbilt (1990). Anchored instruction and its 
relationship to situated cognition. Educational Researcher. 19 (6). 2-10. 

217 



Cohen, J. (1993). The conflicting views of symboUc interactionists and Talcott Parsons 
conceming the nature of relations between persons and nonhuman objects: A 
sequel to about steaks liking to be eaten. Symbolic Interaction. 12 (2). 127-153. 

Cohen, J. (1989). About steaks liking to be eaten: The conflicting views of symbolic 
interactionists and Talcott Parsons concerning the nature of relations between 
persons and nonhuman objects. Symbolic Interaction. 14. 191-213. 

Cole, M. & Odenwald, S. (1990). Desktop Presentations New York: AMACOM. 

Compeau, D., Olfman, L., Sein, M. & Webster, J. (1995). Introduction to the special 
issue: End-user training and leaming. Communications of the ACM. 38 (6). 24-
26. 

ConUsk, J. (1976). Interactive Markov chains. Joumal of Mathematical Sociology (4). 
157-185. 

Cook, T. D. & Campbell, D. T. (1979). Ouasi-experimentation: Design & analysis issues 
for field settings Boston, MA: Houghton Mifflin Company. 

Cool, C. (1993). Information retrieval as symbolic interaction: Examples from humanities 
scholars. Proceedings of the 56th Annual Meeting of ASIS (pp. 274-277). White 
Plains, New York: Knowledge Industry Publications. 

Coulon, A. (1995). Ethnomethodology: Oualitative research methods, volume 36. 
Thousand Oaks, CA: SAGE. 

Csikszentmihalyi, M. & Csikszentmihalyi, I. S. (1994). Optimal experience: 
Psychological studies of flow in consciousness. New York: Cambridge University 
Press. 

Csikszentmihalyi, M. (1991). Flow: The psychology of optimal experience. New York: 
Harper CoUins Publishers. 

Dick, W. & Carey, L. (1985). The systematic design of instmction. 2nd edition. Glenview 
IL: Scott, Foresman. 

Dreyfuss, H. (1960). The measure of man. New York: Whitney Library of Design. 

Edson, D. (1994). Chicago's interface gadgets, part III: Programming properly with 
property sheets. Microsoft Systems Joumal/MSJ. 9 (10). 33-63. 

Eisner, E. (1992). The enlightened eve: Oualitative inquiry and the enhancement of 
educational practice. New York: Macmillan Publishing Company. 

218 



Erickson, R. C. & Wentling, T. L. (1988). Measuring stnH.nt growth: Technign.. .nH 
procedures for occupational education Urbana, EL: Griffon Press. 

Ericsson, K. & Simon, H. (1980). Verbal reports as data. Psychology Review «7 215-

Evans, J. & ST, B. T. (1988). The knowledge eUcitation problem: A psychological 
perspective. Behavior and Information Technology 7 (2). 111-130. 

FarPoint Technologies. (1994a). AwareAO^X. MonisviUe, NC: Author. 

FarPoint Technologies. (1994a). TabA^X. MonisviUe, NC: Author. 

Fitzgerald, E. P. & Cater-Steel, A. (1995). Champagne training on a beer budget. 
Communications of the ACM. 38 (7). 49-60. 

Foss, S. (1989). Rhetorical criticism: Exploration & practice. Prospect Heights, DL: 
Waveland Press. 

Gagne, R. M., Briggs, L. J. & Wager, W. W. (1992). Principles of instmctional design: 
Fourth edition. Sydney: Harcourt Brace Jovanovich CoUege Publishers. 

Gait, J. (1985). An aspect of aesthetics in human-computer communications: Pretty 
windows, IEEE Transactions on Software Engineering. 11 (8), 714-717. 

Gardner, H. (1983). Frames of mind: The theory of multiple intelligences. New York: 
Basic Books. 

Garfinkel, H. (1967). Studies in ethnomethodology. Englewood Cliffs, NJ: Prentice-Hall, 
Inc. 

Geis, G. L. & Smith, M. E. (1990). The function of evaluation. In H. D. Stolovitch & E. 
J. Keeps (Eds.). Handbook of human performance technology: A comprehensive 
guide for analyzing and solving performance problems in organizations, (pp. 130-
150). San Francisco, CA: Jossey-Bass PubUshers. 

Gery, G. (1991). Electronic performance support systems: How and why to remake the 
workplace through the strategic application of technology. Boston, MA: 
Weingarten PubUcations. 

Glaser, B. & Strauss, A. (1972). Awareness contexts & social interaction. In J. Manis & 
B. Meltzer (Eds.). Symbolic interaction: A reader in social psychology (2nd. ed.) 
(pp. 429-444). Boston, MA: Allyn & Bacon, Inc. 

219 



von Glasersfeld, E. (1995). Radical constmctivism: A wav of knowing and learning. 
Washington, DC: The Falmer Press. 

Goffman, E. (1972a). The presentation of self in everyday life. In J. G. Manis & B. N. 
Meltzer (Eds.) Symbolic interaction: A reader in social psychology (2nd. Ed.) (pp. 
447-462). Boston, MA: Allyn and Bacon, Inc. 

Goffman, E. (1972b). Relations in public. New York: Harper & Row Publishers. 

Goffman, E. (1967). On face-work: An analysis of ritual elements in social interaction, 
Interaction Ritual. New York: Anchor Books. 

Good, M. D., Whiteside, J. A., Wixon, D. R. & Jones, S. J. (1984). BuUding a user-
derived interface. Communications of the ACM. 27 (10). 1032-1043. 

Goodnow, J. J. & Warton, P. M. (1992). Contexts and cognitions: Taking a pluralist 
view. In P. Light & G. Butterworth (Eds.) Context and Cognition: Ways of 
Leaming and Knowing, (pp. 157-177). HiUsdale, NJ: Lawrence Erlbaum 
Associates. 

Gottman, J. M. & Roy, A. K. (1990). Sequential analysis: A guide for behavioral 
researchers. New York: Cambridge University Press. 

Gould, J. D. & Lewis, C. (1985). Designing for usability: Key principles and what 
designers think. Communications of the ACM. 28 (3), 300-311. 

Gould, J. D., Boies, S. J. & Lewis, C. (1991). Making usable, useful, productivity-
enhancing computer applications. Communications of the ACM. 34 (1), 74-85. 

GuasteUo, S. J., Traut, M. & Korienek, G. (1989). Verbal versus pictorial representations 
of objects in a human-computer interface. Intemational Journal of Man-Machine 
Studies. 31. 99-120. 

Hannafin, M. J. & Peck, K. L. (1988). The design, development, and evaluation of 
instmctional software. London: Collier Macmillan. 

Harre, H. & Secord, P. F. (1973) The explanation of social behavior. Totowa, NJ: 
Littiefield, Adams. 

Harre, H. & Gillett, G. (1994). The discursive mind. New Delhi: Sage Publications. 

Heinich, R., Molenda, M., RusseU, J. D. & Smaldino, S. E. (1996) Instmctional media 
and technologies for learning, fifth edition. Englewood Cliffs, NJ: Merrill, 
Prentice Hall. 

220 



Hellman, R. (1989). User support: ReveaUng stmcture instead of surface. Behaviour & 
Information Technology. 8 (6), 417-435. 

Heritage, J. (1984). Garfinkel and ethnomethoHnlngy Cambridge, UK: Policy Press. 

Hewes, D. (1980). Stochastic modeling of tiie communication process. In P. R. Monge & 
J. N. Cappella (Eds.). Multivariate techniques in human communications research. 
(pp. 393-427). New York: Academic Press. 

Hilbert, R. A. (1992). The classical roots of ethnomethodology: Durkheim. Weber, and 
Garfinkel. Chapel HiU, NC: The University of North Carolina Press. 

Hix, D. & Hartson, R. (1993). Developing user interfaces: Ensuring usability through 
product and process. New York: Wiley & Sons. 

Horton, W. (1994). The icon book: Visual symbols for computer systems and 
documentation. Brisbane: WUey. 

Horton, W. (1991). Illustrating computer documentation: The art of presenting 
information graphically on paper or on-line. Brisbane: Wiley. 

Hughes, J., King, V., Rodden, T. & Andersen, H. (1994). Moving out of the control 
room: Ethnography in system design. In R. Fumta & C. Neuwirth (Eds.), 
Proceedings of the Conference on Computer Supported Cooperative Work. 
CSCW 94 (pp. 429-439). New York: ACM Press. 

Hughes, J., King, V., Randall, D. & Sharrock, W. (1995, June). Ethnography for system 
design: A guide (Espirit Basic Research Project No. 6225, Working Paper, I.D. 
No. COMIC-LANCS-2-4). Lancaster University: Author. 

Inoue, S. (1980). Interactions and interpretations in everyday life. Studies in Symbolic 
Interaction. 3. 1-24. 

John, B. E. & Packer, H. (1995). Leaming and using the cognitive walkthrough method: 
A case study approach. In I. R. Katz, R. Mack, L. Marks, M. B. Rossen & J. 
Nielsen (Eds.), Human Factors In Computing Systems: CHI '95 Conference 
Proceedings. Mav 7-11. 1995. Denver CO. USA, (pp. 429-436). New York: ACM 
Press. 

Kacmar, C. J. & Carey, J. M. (1991). Assessing the usability of icons in user interfaces. 
Behaviour & Information Technology. 10 (6), 443-457. 

Kay, P. & Kempton, W. (1983). What is the Sapir-Whorf Hypothesis?. (Berkeley 
Cognitive Science Report No. 8). Berkeley, CA: Berkeley Cognitive Science 
Program, Institute of Cognitive Studies, University of Califomia. 

221 



Knox, S. T., Bailey, W. A. & Linch, E. F. (1989). Directed dialog protocols: Verbal data 
for user interface design. In Proceedings of CHI. 198Q Austin. TX. Anril ^0-M;̂ v 
4. New York: ACM Press. 

Landauer, T. K., Galotti, K. M. & HartweU, S. (1983). Natural command names and 
initial leaming: A study of text-editing terms. Communications of the ACM. 26. 
495-503. 

Langer, S. K. (1977). Discursive and presentational forms. In R. E. Innes (Ed.). 
Semiotics: An introductory anthology. Bloomington, IN: Indiana University 
Press. 

Laurel, B. (1990). The art of human-computer interface design. New York: Addison-
Wesley. 

LeFever, R. D. (1990). Markov: A BASIC program for numerical analysis of sequential 
data on the microcomputer. Computers & Geosciences. 16 (2), 141-152. 

Lewis, C. (1982). Using the "thinking aloud" method in cognitive interface design. IBM 
Research Report RC 9265. IBM Thomas J. Watson Research Center, Yorktown 
Heights, New York: Author. 

Lewis, C. & Mack, R. (1982). Leaming to use a text processing system: Evidence from 
thinking aloud protocols. Proceedings of Human Factors in Computer Systems 
(pp. 387-392). Gaithersberg, MD: ACM Press. 

Lewis, C , Poison, P., Wharton, C. & Rieman, J. (1990). Testing a walkthrough 
methodology for theory-based design of walk-up-and-use interfaces. Proceedings 
of the ACM CHI90 Conference (pp. 235-242). New York: ACM Press. 

Lin, S. L. (1993). The effects of elaboration and placement of analogies on student 
leaming and attitude toward BASIC programming using computer-assisted-
instmction. Unpublished doctoral dissertation, Texas Tech University, CoUege of 
Education, Lubbock. 

Lincoln, Y. S. & Guba, E. G. (1985). Naturalistic inquiry. Newbury Park, CA: Sage 
Publications. 

Livingston, J. (1987). Making sense of ethnomethodology. New York: Routledge & 
Keegan Paul, Inc. 

222 



MacLean, A., BeUotti, V., Young, R. & Moran, T. (1991). Reaching through analogy: A 
design rationale perspective on roles of analogy. In S. P. Robertson, G. M. Olson 
& J. S. Olson (Eds.). Reaching through technology; CHI '91 Conference 
Proceedings. New Orleans, LA., April 27-May 2, 1991. Association for 
Computing Machinery: Author. 

Mead, G. H. (1934). Mind, self and society: From the standpoint of a social behaviorist. 
Chicago, IL: University of Chicago Press. 

Mead, G. H. (1935). The social psychology of George Herbert Mead. Western Michigan 
University, MI: Center for Sociological Research. 

Microsoft Corporation. (1994a). Microsoft® Access® for Windows, version 2.0. 
[Computer software]. Redmond, WA: Author. 

Microsoft Corporation. (1994b). Microsoft® Word® for Windows, version 6.0a. 
[Computer software]. Redmond, WA: Author. 

Microsoft Corporation. (1993). Microsoft® Visual BASIC® for Windows, version 3.0. 
[Computer software]. Redmond, WA: Author. 

Microsoft Corporation. (1992). The Windows interface, an application design guide. 
Redmond, WA: Microsoft Press. 

Miles, B. B. & Huberman, A. M. (1994). Qualitative data analysis: An expanded 
sourcebook (2nd. ed.). Thousand Oaks, CA: Sage Publications. 

Mimno, P. (1996). Skip requirements, go directly to prototype. Application Development 
Trends. 3(2^53-61. 

Miyake, N. & Norman, D. (1979). To ask a question, one must know enough to know 
what is not known. Joumal of Verbal Leaming Behavior. 18. 357-364. 

Mumford, E. & HenshaU, D. (1979). A Participative Approach to Computer Systems 
Design. New York: John WUey & Sons. 

Nelson, R. R., Whitener, E. M. & Philcox, H. H. (1995). The assessment of end-user 
training needs. Communications of the ACM. 38 (7). 27-39. 

Nelson, G. (1965). Problems of design. New York: Whitney Library of Design. 

Newby, G. (1989). User models of information retrieval: Applying knowledge about 
human communication to computer interface design. Proceedings of the 52nd 
Annual Meeting of ASIS (pp. 71-74). Medford, NJ: Leamed Information, Inc. 

223 



Nielsen, J. & Mack, R. L. (1994). Usability inspection method ;̂ Brisbane: John Wiley & 
Sons, Inc. 

Nornian, D. A. & Spohrer, J. C. (1995). Leamer-centered education. Communications of 
the ACM. 39 (4). 24-27. 

Ormrod, J. (1990). Human leaming: Theories, principles, and educational applications. 
Toronto: MerriU. 

Papert, S. (1980). Mindstorms: Children, computers and powerful ideas. New York: 
Basic Books. 

von Papstein, P. & Frese, M. (1988). Transferring skills from training to the actual work 
situation: The role of task application knowledge, action styles and job decision 
latitude. Proceedings of the Conference of The Association for Computing 
Machinery on Computer-Human Interaction. CHI 88. (pp. 55-60). New York: 
ACM Press. 

Parsons, T. (1951). Toward a general theory of action. New York: Harper and Row. 

Perkins, D. N. & Salomon, G. (1989). Are cognitive skiUs context-bound? Educational 
Researcher. 18 (I). 16-25. 

Perkins, D. N. (1985). The fingertip effect: How information-processing technology 
shapes thinking. Educational Researcher. 14 (7). 11-17. 

Pierce, C. S. (1985). Logic as semiotic: The theory of signs. In (R. E. Innes, ed.). 
Semiotics: An introductory anthology.. Bloomington, IN: Indiana University 
Press. 

PiroUi, P. & Berger, D. (1991). The stmcture of ill-stmctured problem solving in 
instmctional design (Publication No. DPS-5). Berkeley, CA: University of 
Califomia. 

Poison, P., Lewis, C, Rieman, J. & Wharton, C. (1992). Cognitive walkthroughs: A 
method for theory-based evaluation of user interfaces. Intemational Joumal of 
Man-Machine Studies, 36. 741-773. 

Polya, G (1988). How to solve it: A new aspect of mathematical method. Second edition. 
Princeton, NJ: Princeton University Press. 

Presley, B. & Freitas, W. (1992). A guide to stmctured programming in BASIC for the 
IBM PC and compatibles. Pennington, NJ: Lawrenceville Press 

224 



Price, R. V. & Winiecki, D. J. (1996). Attitudes and skill levels of college students 
entering a typical introductory coUege computing course. Joumal of Computing in 
Teacher Education. 12 (1), 20-25. 

Ramesh, B & Dhar, V. (1992). Supporting systems development by capturing 
deliberations during requirements engineering. IEEE Transactions on Software 
Engineering. 18 (6). 498-510. 

Raymond, E. S. (1994). The New Hackers Dictionary (2nd. ed.). Cambridge, MA: MIT 
Press. 

Rettig, M. (1994). Prototyping for tiny fingers. Communications of the ACM. 37 (4), 21-
27. 

Rock, P. (1979). The making of symbolic interaction. New York: The MacmiUan Press. 

Rosson, M. B. (1983). Pattems of experience in text editing. Proceedings of the 1983 CHI 
Conference on Human Factors in Computing, (pp. 171-175). New York: 
Association of Computing Machinery. 

Rosson, M. B. & CarroU, J. M. (1995). Scaffolding examples for leaming object oriented 
design. Communications of the ACM. 39 (4). 46-47. 

Rubin, J. (1994). Handbook of usability testing: how to plan, design, and conduct 
effective tests. New York: John Wiley & Sons, Inc. 

de Saussure, F. (1959). Course in general linguistics. C. Bally & A. Sechehaye (Trans.). 
New York: Philosophical Library. 

Schlimmer, J. C. (1995). transForm (version 3.2) [Computer software]. Pullman, WA: 
Washington State University. 

Schon, D. A. (1984). The reflective practitioner: How professionals think in action. Basic 
Books. 

Schuerman, R. L. & Peck, K. L. (1991). PuU-down menus, menu design, and usage 
pattems in computer-assisted instmction. Joumal of Computer-Based Instmction. 
18 (3). 93-98. 

Shapiro, D. (1994). The limits of ethnography: Combining social sciences for CSCW. . In 
R. Fumta & C. Neuwirth (Eds.), Proceedings of the Conference on Computer 
Supported Cooperative Work. CSCW 94 (pp. 417-428). New York: ACM Press. 

225 



Shapiro, D. (1995) Fen-ets in a sack?: Ethnographic studies and task analysis in CSCW 
To appear in D. Shapiro, M. Tauber & R. TraunmuUer (Eds.). The design of 
computer supported cooperative work and groupware sv.tPniQ Amsterdam: 
Elsevier Science 

Shelly, G. B., Cashman, T. J. & Jordan, K. A. (1996). Netscape navigpitor ;̂ n 
introduction. Danvers, MA: Boyd & Eraser Publishing Co. 

Shneiderman, B. (1992) Designing the user interface: Strategies of effective human-
computer interaction. (2nd. Ed.). New York: Addison-Wesley Publishing 
Company. 

Simon, H. (1984). The sciences of the artificial Boston, MA: MIT Press. 

Simonson, M. R. & Thompson, A. (1994). Educational computing foundations (2nd. ed.). 
New York: Merrill. 

Snelbecker, G. E. (1993). Practical ways for using theories and innovations to improve 
training. In G. M. Piskurich (Ed.). The ASTD handbook of instmctional 
technology, (pp. 19.3-19.26). New York: McGraw-HUl, Inc. 

Spradley, J. P. (1980). Participant observation. New York: Holt, Rinehart & Winston. 

Study Guide for EDIT 2318: Computers and Information Technology. 10th edition. 
(1994) (D. J. Winiecki, Ed.). Champaign, IL: Stipes Publishing. 

Suchman, L. (1995). Making work visible. Communications of the ACM. 38 (9). 56-64. 

Suchman, L. (1987). Plans and situated actions: The problem of human-machine 
communication. New York: Cambridge University Press. 

Suh, K. S. & Jenkins, A. M. (1992). A comparison of linear keyword and restricted 
natural language data base interfaces for novice users. Information Systems 
Research. 3 (3), 252-272. 

Sullivan, L. H. (1988). The tall office buUding artistically considered. In R. Twombly 
(Ed.). Louis Sullivan: The public papers, (pp. 103-113). Chicago, IL: University 
of Chicago Press. 

Thomas, R. M. (1992). Comparing theories of child development. Belmont, CA: 
Wadsworth PubUshing Company. 

Tognazzini, B. (1992). Tog on interface. New York: Addison-Wesley PubUshing 
Company, Inc. 

226 



Topspeed Corporation. (1994). Clarion for Windows: Ilser^ gniH^ Pompano Beach, FL: 
Author. 

Tumer, J. H. (1988). Contemporary models of motivation. In, (J. H. Tumer, Ed.). A 
Theory of Social Interaction, (pp. 40-54). Stanford, CA: Stanford University 
Press. 

Tumer, R. (Ed.) (1974). Ethnomethodology: Selected readings. Baltimore, MD: Pengum 
Education. 

Vygotsky, L. S. (1986). Thought and language. A. Kozulin (Ed.). Cambridge, MA: The 
MIT Press. 

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological 
processes. M. Cole, V. John-Steiner, S. Scribner & E. Souberman 
(Eds.).Cambridge, MA: Harvard University Press. 

WaUcer, N. & Olson, J. R. (1988). Designing keybindings to be easy to leam and resistant 
to forgetting even when the set of commands is large. Proceedings of the 
Conference of The Association for Computing Machinery on Computer-Human 
Interaction. CHI 88. (pp. 201-206). New York: ACM Press. 

Wharton, C. (1992). Cognitive walkthroughs: Instmctions. forms, and examples. 
(Technical Report CU-ICS-92-17). Boulder, CO: Institute of Cognitive Science, 
University of Colorado. 

Winiecki, D. J. & Ahem, T. C. (1994). The effects of a passive-leaming-support-system 
rPLSS) on understanding and leaming human-computer interaction tasks. 
Manuscript submitted for publication. 

Wittgenstein, L. (1958). Philosophical investigations. 3rd edition. (G. E. M. Anscombe, 
Trans.). New York: MacmiUan Publishing Co., Inc. 

Wright, P. & Bason, G. (1982). Detour routes to usability: A comparison of altemative 
approaches to multipurpose software design. Intemational Joumal of Man-
Machine Studies. 18. 391-400. 

Zimmerman, D. (1974). Fact as a practical accomplishment. In R. Tumer (Ed.), 
Ethnomethodology: Selected readings (pp. 126-143). Baltimore, MD: Penguin 
Education. 

227 



APPENDDC A 

SYLLABUS FROM A COMPUTER LITERACY COURSE 

(PORTIONS DELETED FOR CLARITY) 

228 



EDIT 2318 - Computing and Information Technology (Credit: 3 Hours) 
Summer, 1995 

Section 1: M-F 8:00-9:30 

Instructor 
Mr. Don Winiecki 

AD/ED 233a 
742-2397 

Office Hours M-F, 4:30 - 5:20 

Textbook & Supplies 

Text: 
Price, Winiecki, & Ferrell Study Guide for EDIT 2318 version 10 

Supplies: 
One blank 3-1/2" disk. The disk can be "high density" or "double density." We recommend "double 
density" to ensure compatibility with other campus computers. 

Course Description 

Use of computers as productivity tools, societal and ethical implications of computers, and applications of 
computers and related technology in society. 

Course Objectives 

Students will: 
1. Demonstrate how computers work and how they are used for information storage, simulation, and data 

processing. 
2. Describe the events and facts in the history of computing and relate their significance to the present 

day. 
3. Plan and execute activities to help ensure appropriate and successful uses of computers in instruction. 
4. Demonstrate an ability to use computer hardware and perform computer operations using disk 

operating systems. 
5. Demonstrate freedom from anxiety conceming computer based experiences. 
6. Make practical use of word processor, database, and spreadsheet programs for personal and 

educational uses. 
7. Select and evaluate educational software based on defensible criteria. 
8. Define and use common computer related vocabulary. 
9. Demonstrate an ability to use the computer to obtain information from remote databases. 
10. Describe the impact that technological developments have on career options. 
11. Characterize the computer as an object of instruction, and as an instructional tool for classroom 

management. 
12. Produce computer generated graphics. 
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February 6, 1995 

1 agree to participate as part of a team for designing a database to be used as a Student Records System by 
the Southwest University, College of Education. Mr. Donald J. Winiecki will serve as the design leader m 
this project. The activities of this design team will also serve as data for a research project being conducted 
by Mr. Winiecki. 

There are two purposes for this project: 

1. Creation of a college-wide (College of Education) database. 
2. A case study analysis of the design and development process for the creation of easy-to-learn 

microcomputer software. 

Participation in this project will involve the following mdividual and group activities with Mr. Winiecki 
and other members of the design team: 

1. Individual interviews with Mr. Winiecki 
2. Group meetings with Mr. Winiecki and other members of the design team 
3. Other activities may be negotiated if they become necessary for the successful completion of 

this project. 

Neither 1 nor Mr. Winiecki will be expected to participate beyond those purposes listed above or separately 
negotiated. 

1 understand that Mr. Winiecki will audiotape and transcribe my participation in these activities, and 
maintain a design log for this project. My contributions in this project will remain confidential (nobody 
but Mr. Winiecki will hear the audiotapes or see the transcripts), and my identity will remain anonymous 
in any oral or printed reports of this project and Mr. Winiecki's research. The design log will be edited to 
remove any personal references if any part of it is to be included in printed or oral reports of the design 
project or Mr. Winiecki's research. 

If 1 desire, 1 may ask that my involvement in this research project be ended at any time. If this is the case, I 
will remain a participant in the design project, but no references to my individual activities will be included 
in oral or printed reports of the design project or Mr. Winiecki's research. 

signature Donald J. Winiecki 

date 
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Table C. 1 Existing mainframe computer screens.' 

Screen # 
1. 

2. 
5. 
6. 

7. 
9. 
10. 
11. 
23 
24 
31 
35 
39 
130 
200 
201 

201 

203 

Description 
AMS menu selection 

Name search 
Course selections 
SRS Tuition calculations 
screen 
Class list 
Graduation checkout 
Transcript data 
SRS menu 
Transfer credit 
Degrees awarded 
Student schedule 
Term array 
Administrative holds 
CTF/CIF Roll control 
Messages screen 
Dean's menu (annotated by 
Helen) 
Dean's menu (annotated by 

Lucy) 
PDF (demographics) 

Screen # 
218 

220 
221 
225 

227 
228 
229 
230 
243 
321 
350 
352 
370 
372 
602 
604 

608 

760 

Description 
CoUege of education: 
Certifications 
STF attributes 
Academic action 
CIF attributes 

CTF meetings 
CTF attributes 
CTF instmctors 
CTF special fees 
Test scores 
STF SPE 1 
TASP scores 
TASP scores 
Administrative holds 
Withdraw screen 
AMS interface data 
View activity log 

Snapshot 

School index lookup 

Advisement and Admissions Processing Worksheets: 
• Elementary/MultidiscipUnary studies: Certification Requirements Worksheet 
• Elementary/MultidiscipUnary studies: Graduation Checkout Worksheet 
• Secondary/Multidisciplinary science: Certification Requirements Worksheet 
• Secondary/Multidisciplinary science: Graduation Checkout Worksheet 
• Transfer Credits Worksheet 
• Certification Requirements Worksheet (multiple versions, one for each 

certification area) 
• AppUcation for Admission to Teacher Certification Program 

' Each screen is "officially known" by two names, (a) "Screen #" (access code 

number), and (b) a short description. 
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Job Aids: 
Flag A/Flag B "Crib Sheet" (Terry, Lucy, Helen) 
Procedures Cribsheet (Helen) 
"Black Book" (Jean) 
Certification Codes for Mainframe Computer Screens (Lucy) 

Memos: 
• Announcement of Evening Office Hours (Lucy) 
• Request for Mailing Label to Division of Institutional Research (Jean) 
• Request for MaiUng Label to Division of Student Relations (Jean) 
• Request for Transfer Transcripts to Registrar's office (Jean) 
• Information About Teacher Certification Program (Jean) 
• "Applications Being Accepted" to University Department Heads (Jean) 
• "Applications Being Accepted" to Regional Academic Advisors (Jean) 
• "Applications Being Accepted" to Junior College Advisors (Jean) 

Letters and Reports: 
• "Admit, Conditional Admit, Denied Admission" to Teacher Certification 

Program Applicants 
• "Report of Applicants by Certification Level and Teaching Field" 
• "Tally Report of All Applicants by Specialization and Teaching Field" 

Miscellaneous: 
• "Teacher TaUc" - College of Education newsletter, July 1995, September 1995 
• "The Education Connection" - College of Education Magazine, Fall, 1994 
• "To Teach is to Touch a Life Forever" - Teacher Certification Program 

Informational Brochure 
• "It Takes Someone Special to be a Teacher" - Education Career Options 

Brochure 
• "FYI - Staff Position Listing" - Job duties and job descriptions 
• Lucy's "flat file" database (3 different versions for Lucy, Helen & Jean) 
• "ACCESS +" Mainframe database data dictionary 
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•***********-***********.***.........,,^,,,,,,,,^^^^^^^^^^^^^^^^^^^^^^^^^ 

I * 

I • 

I * 

LeFever, R. E. (1990). MARKOV: A BASIC program for numerical 
analysis of sequential data on the microcomputer. Computers & 
Geosciences_16_ (2), pp. 141-152. ~ 

* 

Modified January 1996, Donald J. Winiecki * 

***************************i,*******i,*i,**i,*****^,i,i,i,^,i,i,i,^ 

10 
20 
30 
40 
50 
60 
70 
80 
85 
90 
95 
100 CLEAR , , 3000: DEFLNG I-K: CLS 
110 WIDTH 80: SCREEN 0 
120 ILIMIT = 75: Fl$ = "" 
125 newLine$ = CHR$(13) + CHR$(10) 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 

410 
420 
430 
440 
450 
460 
470 
480 
490 
500 

510 
520 
530 

531 
532 
533 
534 
535 

MARKOV.BAS 

***************** 

Arrays: 
TALLY 
ISEQ 
UP 
DOWN 
E 
Z 
ROW 
COL 
A, B 
Al, Bl 
SL 
SR 
SM 
PRE 
POST 

Description of Major Variables 

Tally Matrix 
Sequential Data Values 
Upward Transition Probability Matrix 
Downward Transition Probability Matrix 
Expected Value Matrix 
Normalized Difference Matrix 
Sum of Rows in Tally Matrix 
Siam of Coliimns in Tally Matrix 
Parameter Values for Estimation of Expected Values 
Temporary Arrays Used in Estimation of Expected Values 
Left Substitutability Matrix 
Right Substitutability Matrix 
Mutual Substitutability Matrix 
Relative Pre-State Entropies 
Relative Post-State Entropies 

* 
* 
* 
* 
* 
* 
* 
* 

* Variables: 
* ILIMIT 
* NSTATE 
* NPOINT 
* NT 
************** 

Maximum Dimensions of Arrays * 
Number of States * 
Number of Data Points in Sequential Input * 
Total Number of Transitions in Tally Matrix * 

i : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ 

DIM TALLY(ILIMIT, ILIMIT), ISEQ(2000), UP(ILIMIT, ILIMIT), DOWN(ILIMIT, 
ILIMIT) 

DIM E(ILIMIT, ILIMIT), Z(ILIMIT, ILIMIT) 
DIM ROW(ILIMIT), COL(ILIMIT), A(ILIMIT), B(ILIMIT), Al(ILIMIT), Bl(ILIMIT) 
DIM SL(ILIMIT, ILIMIT), SR(ILIMIT, ILIMIT), SM(ILIMIT, ILIMIT) 
DIM PRE(ILIMIT), POST(ILIMIT) 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Choose Input and Calculation Options * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

COLOR 10, 0: PRINT "This program performs calculations for cyclicity 
analysis." 

PRINT "Data may be entered from files or the keyboard. Data" 
PRINT "from several data sets may be combined." 
COLOR 11, 0: PRINT : INPUT "Name the output file for this dataset: ", 

outputFileName$: outputFileName$ = outputFileName$ + ".out" 
PRINT : INPUT "Who is this dataset for"; informant$ 
PRINT : INPUT "What is the date of this observation"; observDate$ 
PRINT : INPUT "This data is for which trial of use"; task$ 
OPEN outputFileName$ FOR APPEND AS #1 
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536 PRINT #1, "DATAFILE NAME: -; outputFileName$ 
537 PRINT #1, -DATE OF OBSERVATION: "; observDate$ 
538 PRINT #1, "DATA COLLECTED FROM: "; informant$ 
539 PRINT #1, "# TRIAL OF USE: -; task$• PRINT #1 
540 COLOR 14,^0: PRINT : INPUT "Run all tests [Markov property & entropies] (Y 

541 IF A$ = "y" OR A$ = "Y" THEN 
542 IM = 1: ISs = 0 : IE = 1: GOTO 600 
543 ELSE 
544 IM = 0: ISs = 0 : IE = 0 
545 END IF 
547 COLOR 2,0: PRINT : INPUT "Do you want to test for a Markov property (Y or 

N)"; A$ 
550 IF A$ = "y" OR A$ = "Y" THEN IM = 1 ELSE IM = 0 
560 PRINT : INPUT "Do you want to calculate substitutability (Y or N) " ; A$ 
570 IF A$ = "y" OR A$ = "Y" THEN ISs = 1 ELSE ISs = 0 
580 PRINT : INPUT "Do you want to calculate and create a table of entropies (Y 

or N)"; A$ 
590 IF A$ = "y" OR A$ = "Y" THEN IE = 1 ELSE IE = 0 
600 •• COLOR 3, 0: PRINT : INPUT "Do you want to enter matrices (M) or 

sequential data (S)"; A$ 
602 • • 1/6/95: commented out line above and added line below to default 
603 •• to MATRIX data entry 
605 A$ = "M" 
610 IF A$ = "m" OR A$ = "M" THEN ITYPE = 1: IN = 1: GOTO 640 ELSE ITYPE = 2 
620 COLOR 3, 0: PRINT : INPUT "Do you want keyboard input (K) or disk file input 

(F) " ; A$ 
630 IF A$ = "k" OR A$ = "K" THEN IN = 1 ELSE IN = 2 
640 IF IN = 2 THEN 1160 
650 IF ITYPE = 2 THEN 1010 
700 ' 
710 '************************************************************************ 
720 '* Matrix Input * 
730 '************************************************************************ 
740 • 
750 COLOR 15, 0: IROW = 0: PRINT : PRINT "Enter matrix by rows." 
760 PRINT "Values may be separated by either blanks or commas.": PRINT 
770 COLOR 14, 0: IROW = IROW + 1: LINE INPUT A$ 
780 L = LEN(A$): IF INSTR(A$, ",") = 0 THEN 850 
790 1 = 1 : ICOL = 0 
800 J = INSTRd, A$, " , " ) : IF J = 0 THEN 830 
810 K = VAL(MID$(A$, I, J - I)): ICOL = ICOL + 1 
820 TALLY(IROW, ICOL) = K: I = J + 1: GOTO 800 
830 K = VAL(MID$(A$, I)): ICOL = ICOL + 1 
840 TALLY(IROW, ICOL) = K: GOTO 930 
850 II = 1: ICOL = 0 
860 FOR I = II TO L: IF MID$(A$, I, 1) <> " " THEN 880 
870 NEXT I 
880 J = INSTRd, A$, " " ) : IF J = 0 THEN 910 
890 K = VAL(MID$(A$, I, J - D ) : ICOL = ICOL + 1 
900 TALLY(IROW, ICOL) = K: II = J + 1: GOTO 860 
910 K = VAL(MID$(A$, I)): ICOL = ICOL + 1 
920 TALLY(IROW, ICOL) = K 
93 0 IF IROW = 1 THEN IC = ICOL 
940 IF IC = ICOL THEN 970 
950 BEEP: COLOR 13, 0: PRINT : PRINT "ERROR - Different number of elements in 

this row" 
960 PRINT "Re-enter data from the beginning.": COLOR 14, 0: GOTO 750 
970 IF IROW <> ICOL THEN 770 
980 PRINT : COLOR 15, 0: INPUT "Do you want to add another matrix to this 

calculation? (Y or N)"; A$ 
990 IF A$ = "y" OR A$ = "Y" THEN 750 ELSE 1450 
1000 • 
1m 0 '*********************************************************************** 
1020 '* Sequential Input * 
1030 I*********************************************************************** 
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1040 
1050 

1060 
1070 
1080 
1090 
1100 

1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 

1690 
1700 
1710 
1720 
1730 
1740 

PRINT : PRINT "Enter sequential data from the bottom of the sequence 
upward." 

PRINT "Use one value per line. Covered intervals and missing data" 
PRINT "should be entered as zeros. When data entry is complete enter -̂  » 
COLOR 14, 0: PRINT : NPOINT = 0 
NPOINT = NPOINT + 1: INPUT ISEQ(NPOINT) 
IF ISEQ (NPOINT) <> -1 THEN 1090 ELSE NPOINT = NPOINT - 1- COLOR 7 1- GOTO 

1260 

'* File Input 
1 * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ , ^ * * ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

+ F$: NFILE = NFILE + 1 
PRINT : INPUT "Enter file name: ", F$ 
IF F$ = " " THEN 1410 ELSE Fl$ = Fl$ + " 
OPEN F$ FOR INPUT AS #2: NPOINT = 0 
IF EOF(l) THEN CLOSE : GOTO 1220 
NPOINT = NPOINT + 1: INPUT #1, ISEQ (NPOINT) : GOTO 1190 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Calculate Tally Matrix * 
• * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , ( , * * * * * * * * * * * * * * * * * * * * * • • * * * * * • * * * * * * * 

I 

FOR I = 1 TO NPOINT - 1: J = ISEQ(I): K = ISEQ(I + 1) 
IF J < 1 OR J > ILIMIT OR K < 1 OR K > ILIMIT THEN 12 90 
TALLY (J, K) = TALLY (J, K) + 1 

NEXT I 
FOR I = 1 TO NPOINT: ISEQ(I) = 0: NEXT 
PRINT : INPUT "Another file (Y or N)"; A$: IF A$ = "y" OR A$ = "Y" THEN 640 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Sum Rows and Columns * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

FOR I = 1 TO ILIMIT: FOR J = 1 TO ILIMIT 
ROW(I) = ROW(I) + TALLYd, J): COL(J) = COL(J) + TALLY (I, J) 

NEXT J, I 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Determine Number of States * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

FOR I = ILIMIT TO 1 STEP -1 
IF ROWd) <> 0 OR COL(I) <> 0 THEN 1560 

NEXT I: GOTO 9000 
NSTATE = I: NT = 0 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

• * Calculate Upward and Downward * 
• * Transition Probabilities * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

FOR I = 1 TO NSTATE: NT = NT + ROW(I): NEXT 
FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 

IF ROWd) <> 0 THEN UP(I, J) = TALLY (I, J) / ROW(I) 
IF COL(J) <> 0 THEN DOWN(I, J) = TALLY(I, J) / COL(J) 

NEXT J, I 
P$ = " ###": Pl$ = " ##.#": P2$ = " ##.##" 'set print formatting 

variables 
IF IM = 0 THEN 2660 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

. * * 

• * Test Tally Matrix for Markov Property * 
t * * 
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1750 •******************************************************************,***. 
1760 • 
1770 •********************************************************************,** 
1780 '* Test Tally Matrix for Embeddedness 
1790 ************************************************************************ 
1800 ' 
1810 FOR I = 1 TO NSTATE 
1811 IF TALLYd, D <> 0 THEN 1840 
1820 NEXT I 
1830 MTYPE = 1: GOTO 1910 
1840 MTYPE = 2: GOTO 2210 
1850 ' 
1860 ************************************************************************ 
1870 ' * Calculate Expected Value Matrix According * 
1880 '* to the Method of Powers and Easterling (1982) * 
1890 '************************************************************•********** 
1900 ' 
1910 FOR I = 1 TO NSTATE: A(I) = ROW(I) / (NSTATE - 1): NEXT 
1920 FOR I = 1 TO NSTATE: SUM = 0: FOR J = 1 TO NSTATE 
1930 IF I <> J THEN SUM = SUM + A(J) 
1940 NEXT J 
1950 B(I) = COL(I) / SUM: NEXT I 
1960 FOR I = 1 TO NSTATE 
1970 IF ABS(A(I) - Al(I)) > .01 * A(I) OR ABS(B(I) - B1(I)) > .01 THEN 2000 
1980 NEXT I 
1990 GOTO 2060 
2000 FOR I = 1 TO NSTATE: Bl(I) = B(I): A1(I) = A(I): NEXT 
2010 FOR I = 1 TO NSTATE: SUM = 0: FOR J = 1 TO NSTATE 
2020 IF I <> J THEN SUM = SUM + B(J) 
2030 NEXT J 
2040 A d ) = ROW(I) / SUM: NEXT I 
2050 GOTO 1920 
2060 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2070 IF I <> J THEN E(I, J) = A(I) * B(J) 
2080 NEXT J: NEXT I 
2090 CHISQ = 0 
2100 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2110 IF I = J OR E d , J) <= 0 THEN 2140 
2120 Z(I, J) = (TALLYd, J) - E(I, J)) / SQR(E(I, J)) 
2130 CHISQ = CHISQ + Z(I, J) " 2 
2140 NEXT J, I: GOTO 2340 
2150 • 
91 fin '*********************************************************************** 
2170 '* Test Tally Matrix for Significance * 
2180 '* Using Anderson-Goodman Test * 
91 Qn '*********************************************************************** 
2200 • 
2210 SUM = 0: FOR I = 1 TO NSTATE: SUM = SUM + COL(I) : NEXT 
2220 CHISQ = 0: FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2230 UPd, J) = TALLYd, J) / ROW(I): NEXT J 
2240 A d ) = COLd) / SUM: NEXT I 
2250 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2260 IF UPd, J) <> 0 THEN CHISQ = CHISQ + TALLY (I, J) * LOG (UP (I, J) / A (J)) 
2270 NEXT J, I 
2280 CHISQ = CHISQ * 2 
2290 ' 
o'xnn ,*********•************************************************************* 
2310 '* Set Degrees of Freedom According to Type of Tally Matrix * 
OTon ,*********************************************************************** 
2330 • 
2340 IF MTYPE = 1 THEN DF = (NSTATE - 1) ^ 2 - NSTATE ELSE DF = (NSTATE - 1) '̂  2 
2350 ' 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

237Q .* Print Results of Markov Analysis * 
T i o n , , ^ , ^ , ^ ^ , t , j . , ^ . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

23 80 
2390 ' 
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2400 IF IN = 1 THEN PRINT #1, "Markov Analysis" 
2405 IF IN = 1 THEN PRINT #1, " ». PRINT #1 
2410 IF IN = 2 THEN PRINT #1, "Markov Analysis of Data frim Files"- Fl$ 
2415 IF IN = 2 THEN PRINT #1, " /. PRINT #1 
2420 GOSUB 5010 'Print Tally Matrix 
2430 GOSUB 6010 'Print Transition Probabilities 
2440 IF MTYPE = 2 THEN 2630 
2450 PRINT #1, SPC(8); "Expected Value Matrix": PRINT #1, 
2455 ILP = NSTATE / 2: LCP = (4 * NSTATE / 2) + 7 
2460 PRINT #1, SPC(LCP); "To": PRINT #1, 
2470 PRINT #1, SPC(6); : FOR I = 1 TO NSTATE: PRINT #1, USING " ###"; I; • 

NEXT: PRINT #1, newLine$ 
2480 FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, "From"; : PRINT #1, USING " 

##"; I; 
2490 IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 
2500 FOR J = 1 TO NSTATE: PRINT #1, USING P2$; E(I, J); 
2510 NEXT J: PRINT #1, 
2520 NEXT I 
2530 PRINT #1, : PRINT #1, 
2540 PRINT #1, SPC(8); "Z Matrix": PRINT #1, 
2550 ILP = NSTATE / 2: LCP = (4 * NSTATE / 2) + 7 
2560 PRINT #1, SPC(LCP); "To": PRINT #1, 
2570 PRINT #1, SPC(6); : FOR I = 1 TO NSTATE: PRINT #1, USING " ###"; I; : 

NEXT: PRINT #1, newLine$ 
2580 FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, "From"; : PRINT #1, USING " 

##"; I; 
2590 IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 
2600 FOR J = 1 TO NSTATE: PRINT #1, USING P2$; Z(I, J); 
2610 NEXT J: PRINT #1, 
2620 NEXT I 
2630 PRINT #1, 
2640 PRINT #1, SPC(8); : PRINT #1, USING "CHI-Squared = #####.##"; CHISQ; 
2650 PRINT #1, USING " DF = ######"; DF: PRINT #1, newLine$ 
2660 IF ISs = 0 THEN 3450 
2700 • 
2710 '*********************************************************************** 
2720 '* 
2730 '* Calculate Substitutabilities * 
2740 '* * 
2750 '*********************************************************************** 
2760 • 
2770 '*********************************************************************** 
2780 •* Calculate Left (UPWARD) Substitutability * 
2790 I*********************************************************************** 
2800 • 
2810 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2820 SI = 0: S2 = 0: S3 = 0 
2830 FOR K = 1 TO NSTATE 
2840 SI = SI + UPd, K) * UP(J, K) 
2850 S2 = S2 + UPd, K) ^ 2 
2860 S3 = S3 + UP(J, K) ^ 2 
2870 NEXT K 
2880 SLd, J) = SI / SQR(S2 * S3): NEXT J, I 
2890 • 
• P Q n n I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

2910 '* Calculate Right (DOWNWARD) Substitutability * 
9Q9n I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

2930 • 
2940 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
2950 SI = 0: S2 = 0: S3 = 0 
2960 FOR K = 1 TO NSTATE 
2970 SI = SI + DOWN(K, I) * DOWN(K, J) 
2980 S2 = S2 + DOWN(K, I) " 2 
2990 S3 = S3 + DOWN(K, J) ^ 2 
3000 NEXT K 
3010 SRd, J) = SI / SQR(S2 * S3): NEXT J, I 
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3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 
3150 
3155 
3160 

3165 

3170 
3180 
3190 
3200 
3205 
3206 
3210 

3220 
3230 
3240 
3250 
3260 
3270 
3280 
3285 
3286 
3290 

3300 
3310 
3320 
3330 
3340 
3350 
3360 
3365 
3366 
3370 

3380 
3390 
3400 
3410 
3420 
3430 
3440 
3450 
3500 
3510 
3520 
3530 
3540 
3550 
3560 
3570 
3580 

1 * * * * * * * * * * * * * * * * * * * * * * * * * *jt*,t,t 

I * 

Calculate Mutual Substitutability * 
. ***************************^**^^^^,,^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
SM(I, J) = SLd, J) * SRd, J) 

NEXT J, I 
I 

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ , j . ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

' * Print Results of Substitutability Analysis * 

I 

IF IN = 1 THEN PRINT #1, "Substitutability Analysis" 
IF IN = 1 THEN PRINT #1, " «; PRINT #1, 
IF IN = 2 THEN PRINT #1, "Substitutability Analysis of Data from Files"; 

Fl$ 
IF IN = 2 THEN PRINT #1, " ": 

PRINT #1, 
'Print Tally Matrix 
'Print Upward Transition Probabilities 
'Print Downward Transition Probabilities 

"Left (UPWARD) Substitutability Matrix" 
"(The probability a state will be followed" 
"by the same state)": PRINT #1, 
: FOR I = 1 TO NSTATE: PRINT #1, USING " ###"; I; : 

NEXT: PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, USING " ##"; I; 

IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 
FOR J = 1 TO I 
PRINT #1, USING P2$; SL(I, J); 

NEXT J: PRINT #1, 
NEXT I: PRINT #1, : PRINT #1, 

GOSUB 5010 
GOSUB 6010 
GOSUB 7010 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(6) 

"Right (DOWNWARD) Substitutability Matrix" 
"(Probability a state will be preceded by" 
"the same state)": PRINT #1, 
: FOR I = 1 TO NSTATE: PRINT #1, USING " ###"; 

NEXT: PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, USING " ##"; I; 

PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(6) I; 

IF I <> ILP THEN PRINT #1, SPC(4); 
FOR J = 1 TO I 

PRINT #1, USING P2$; SR(I, J); 
NEXT J: PRINT #1, 

NEXT I: PRINT #1, : PRINT #1, 

PRINT #1, USING ##' I; 

PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(6) 

"Mutual Substitutability Matrix" 
"(Probability a state may be followed" 
"and preceded by same state)": PRINT #1, 
: FOR I = 1 TO NSTATE: PRINT #1, USING " 

NEXT: PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, USING " 

IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " 
FOR J = 1 TO I 

PRINT #1, USING P2$; SM(I, J); 
NEXT J: PRINT #1, 

NEXT I 
PRINT #1, : PRINT #1, 
IF IE = 0 THEN 9000 

##"; I, 
##"; I; 

I; 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

. * * 

•* Calculate and Plot Entropies (after Hattori, 1976) * 
. * * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

DEF FNL0G2 (X) = LOG(X) / LOG(2) 
EMAX = -FNL0G2(1 / (NSTATE -1)) 'Maximum Entropy 
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3590 ' 
3600 •******************************************************,,**„*^**,,,„^,,,,,,. 
3610 '* Calculate Relative PRE- and POST- Entropy Values 
3620 •**************************************************:;******************. 
3630 ' 
3640 FOR I = 1 TO NSTATE: POST(I) = 0: PRE(I) = 0: NEXT 
3650 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
3660 IF UPd, J) <> 0 THEN POST(I) = POST{I) - UP (I, J) * FNL0G2(UP(I, J)) / 

EMAX 
3670 IF DOWN(J, I) <> 0 THEN PRE(I) = PRE(I) - DOWN(J, I) * FNL0G2(DOWN(J, 

I)) / EMAX 
3680 NEXT J, I 
3690 • 
3700 •*********************************************************************^* 
3710 •* Calculate System Entropy * 
3720 '*********************************************************************** 
3730 ' 
3740 RSYS = 0 
3750 FOR I = 1 TO NSTATE: FOR J = 1 TO NSTATE 
3760 IF TALLYd, J) <> 0 THEN RSYS = RSYS - (TALLYd, J) / NT) * 

FNL0G2 (TALLYd, J) / NT) 
3770 NEXT J, I 
3780 RMAX = -FNL0G2(1 / (NSTATE * (NSTATE - 1))) 
3790 RMIN = -FNL0G2(1 / NSTATE) 
3800 RSYS = (RSYS - RMIN) / (RMAX - RMIN) 
3810 ' 
3820 '********************************************************************•** 

3830 '* Print Results of Entropy Calculations * 
3840 '*******************************************************••************** 
3850 ' 
3860 IF IN = 1 THEN PRINT #1, "Entropy Calculation" 
3861 IF IN = 1 THEN PRINT #1, " ": PRINT #1, 
3870 IF IN = 2 THEN PRINT #1, "Entropy Calculation of Data from Files "; Fl$ 
3871 IF IN = 2 THEN PRINT #1, " ": PRINT 

#1, 
3880 GOSUB 5010 'Print Tally Matrix 
3890 GOSUB 6010 'Print Upward Transition Probabilities 
3900 GOSUB 7010 'Print Downward Transition Probabilities 
3910 PRINT #1, " Relative Entropy Values": PRINT #1, 
3920 PRINT #1, " State PRE POST": PRINT #1, 
3930 FOR I = 1 TO NSTATE 
3940 PRINT #1, USING P$; I; : PRINT #1, USING " #.##"; PRE(I); POST(I) 
3950 NEXT I: PRINT #1, newLine$ 
3960 PRINT #1, USING "Maximum Entropy = ##.###"; EMAX; 
3970 PRINT #1, USING " Relative System Entropy = ##.###"; RSYS: '* PRINT #1, 

newLine$ 
3980 • 
3990 '*********************************************************************** 
4000 '* Plot Relative Entropy Values on Graphics Screen * 
4010 I*********************************************************************** 
4020 ' 
403 0 I*********************************************************************** 
4040 '* Set Initial Values for Plot Variables * 
4050 '*********************************************************************** 
4060 • 
4070 U = 3 : D = 3 : L E = 4 : R = 4 : E = 2 : D l = l 
4080 lYO = 12: IY2 = 170 
4090 IXO = 100: 1X2 = IXO + 12 * (IY2 - lYO) / 5 
4100 • 
4110 '*********************************************************************** 
4120 '* Draw and Label Relative Entropy Axes * 
4130 I*********************************************************************** 
4140 ' 
4150 'SCREEN 2: CLS 
4160 'LOCATE 1, 1: IF IN = 1 THEN PRINT "Entropy Plot" 
4170 'IF IN = 2 THEN PRINT "Entropy Plot of Data from Files "; Fl$; 
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4180 
4190 
4200 
4210 
4220 
4230 
4240 
4250 
4260 
4270 
4280 
4290 
4300 
4310 
4320 
4330 
4340 
4350 

4360 
4370 
4380 
4390 
4400 
4410 
4420 
4430 
4440 
4450 

4460 
4470 
4480 
4490 
4500 
4510 

4520 
4530 
4535 
5000 
5010 
5020 
5030 
5040 
5050 
5060 
5070 
5080 

5090 

5100 
5110 
5120 
5130 
5140 
5150 
5160 
5170 
5180 
5190 
5200 
6000 
6010 
6020 

'Plot Dotted Line on Diagonal 

LINE (IXO, IYO)-(IXO, IY2) 
LINE -(1X2, IY2): LINE -(1X2, IY2 + 2) 
LINE (IXO, IYO)-(IXO - 4, lYO) 
LINE (IXO, IY2)-(IX2, lYO), , , &HAOOO 
LOCATE 2, 12: PRINT "1"; 
LOCATE 22, 12: PRINT "0" 
LOCATE 23, 13: PRINT "0" 
LOCATE 23, 61: PRINT "1" 
LOCATE 12, 8: PRINT "Rpost"; 
LOCATE 23, 36: PRINT "Rpre"; 

* Plot Entropy Values * 

FOR IJK = 1 TO NSTATE 
X = PRE(IJK): Y = POST(IJK) 
IXl = X * (1X2 - IXO) + IXO: 
for Plotted Points 

lYl = IY2 - Y * (IY2 - lYO) 'Coordinates 

* Plot Point * 
************i,i,i,iri,*i,ir**ir*ic*******i,****l!**-k**it-k**-k*-k******-k************** 

LINE (1X1, lYl - 1)-(IX1, lYl + 1) 
LINE (1X1 - 2, IY1)-(IX1 + 2, lYl) 
1X1 = 1X1 + 6: lYl = lYl - 3 
IF IJK = 1 OR IJK >= 10 THEN lYl = lYl + 1 
GOSUB 8010 'Move to location where number is to be 
plotted 

*********************************************************************** 

* Draw State Number Next to Symbol * 
*********************************************************************** 

ON (IJK + 1) GOSUB 8150, 8160, 8170, 8180, 8190, 8200, 8210, 8220, 
8230, 8240, 8310, 8310, 8310, 8310, 8310, 8310 

NEXT IJK: BEEP 
A$ = INKEY$: IF A$ = "" THEN 4530 ELSE 9000 

GOTO 8500 ' delete this line when plotting 

*********************************************************************** 

* Print Tally Matrix * 
, ^ , ^ ^ ^ , ^ . , ^ , ^ ^ * ^ t , ^ , ^ . , t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

PRINT #1, SPC(8); "Tally Matrix": PRINT #1, 
ILP = NSTATE / 2: LCP = (4 * NSTATE / 2) + 7 
PRINT #1, SPC(LCP); "To": PRINT #1, 
PRINT #1, SPC(7); : FOR I = 1 TO NSTATE: PRINT #1, USING P$; I; : NEXT: 

PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, "From"; : PRINT #1, USING " 

# #"; I; 
IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 

FOR J = 1 TO NSTATE: PRINT #1, USING P$; TALLYd, J); 
NEXT J 

PRINT #1, USING P$; ROW(I) 
NEXT I 
PRINT #1, 
PRINT #1, SPC(7); : FOR I = 1 TO NSTATE 

PRINT #1, USING P$; COL(I); 
NEXT I 
PRINT #1, USING P$; NT 
PRINT #1, newLine$: RETURN 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Print Transition Probability Matrix 
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6030 
6040 
6050 
6055 
6056 
6060 
6070 
6080 

6090 

6100 
6110 
6120 
6130 
6140 
7000 
7010 
7020 
7030 
7040 
7050 
7055 
7056 
7060 
7065 

7070 

7080 
7090 
7100 
7110 
7120 
8000 
8010 
8020 
8030 
8040 
8050 
8060 
8100 
8110 
8120 
8130 
8140 
8150 
8160 
8170 
8180 
8190 
8200 
8210 
8220 
8230 
8240 
8300 
8310 
8320 
8330 
8340 
8350 
8360 
8370 
8380 
8390 

' * * * * * * * * * * * * * * * * i r * * i ' * * * * * * * 1 , i , t , 1 , i r * * * i r * * 1 , * i r * * * * * i , i , * * * * * i r * i r * * * * * i , * * i , i , * i , i , * * 

PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
ILP = NSTATE / 2 

"Upward Transition Probabilities" 
"(Probability a state will be FOLLOWED" 
"by another state)": PRINT #1, 
LCP = (4 * NSTATE / 2) + 7 

PRINT #1, SPC(LCP); "To": PRINT #1, 
PRINT #1, SPC(6); : FOR I = 1 TO NSTATE: PRINT #1, USING " ###"; I; : 

NEXT: PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, "From"; : PRINT #1, USING " 

##"; I; 
IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 
FOR J = 1 TO NSTATE: PRINT #1, USING P2$; UP(I, J); 
NEXT J: PRINT #1, 

NEXT I 
PRINT #1, : PRINT #1, : RETURN 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Print Downward Transition Probability Matrix * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

PRINT #1, SPC(8) 
PRINT #1, SPC(8) 
PRINT #1, SPC(8) 

###"; I; 

"Downward Transition Probabilities" 
"(Probability a state will be PRECEEDED" 
"by another state)": PRINT #1, 

PRINT #1, SPC(LCP); "From": PRINT #1, 
PRINT #1, SPC(6); : FOR I = 1 TO NSTATE: PRINT #1, USING " 

NEXT: PRINT #1, newLine$ 
FOR I = 1 TO NSTATE: IF I = ILP THEN PRINT #1, " To"; : PRINT #1, USING 

# #" ; I; 
IF I <> ILP THEN PRINT #1, SPC(4); : PRINT #1, USING " ##"; I; 
FOR J = 1 TO NSTATE: PRINT #1, USING P2$; DOWN(I, J); 
NEXT J: PRINT #1, 

NEXT I: PRINT #1, : PRINT #1, 
RETURN 
t 

, , ^ ^ , , 1 , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' * Move to Location to Plot Number * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I 

•PSET (IXl, lYl) 
•RETURN 

,*********************************************************************** 

. * Draw Individual Numerals * 

.*********************************************************************** 

•Draw 0 
'Draw 1 
'Draw 2 
'Draw 3 
'Draw 4 
'Draw 5 
'Draw 6 
'Draw 7 

'DRAW "D=D;D=D;R=R;U=U;U=U;L=LE;": RETURN 
'DRAW "E=E;D=D;D=D;": RETURN 
• DRAW "R=R;D=D;L=LE;D=D;R=R;": RETURN 
• DRAW "R=R;D=D;L=LE;BR=R;D=D;L=LE;": RETURN 
• DRAW "D=D;R=R;U=U;BD=D;D=D;": RETURN 
• DRAW "R=R;BL=LE;D=D;R=R;D=D;L=LE;": RETURN 
• DRAW "R=R;BL=LE;D=D;R=R;D=D;L=LE;U=U;": RETURN 
'DRAW "BD=D1;U=Dl;R=R;D=D;D=D;": RETURN 
•DRAW "D=D;D=D;R=R;U=U;U=U;L=LE;BD=D;R=R;": RETURN 'Draw 8 
•DRAW "D=D;R=R;U=U;L=LE;BD=D;BR=R;D=D;-: RETURN 'Draw 9 
t 

.*********************************************************************** 
• * Draw First Digit of Number > 10 * 
,*********************************************************************** 

I 

'GOSUB 8010 'Move to location where number is to be plotted 
•GOSUB 8160 'Plot 1 
•IXl = 1 X 1 + 7 : lYl = lYl - 2 
•IF IJK = 11 THEN lYl = lYl + 2 
•GOSUB 8010 
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8400 •ON (IJK MOD 10) + 1 GOSUB 8150, 8160, 8170, 8180, 8190: RETURN 
8500 PRINT #1, : CLOSE •add a blank line & close the appended 

datafile 
8510 • Ask user if they want to restart with another dataset (otherwise manual 

restart necessary) 
8520 COLOR 14, 1: PRINT : INPUT ; "Continue with a new dataset? (Y or N) ", 

continues 
8530 IF continues = "y" OR continues = "Y" GOTO 10 •restart 
9000 END 
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APPENDIX E 

DESCRIPTION OF CALCULATIONS FROM MARKOV.BAS. 
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LeFever's (1990) MARKOV.BAS program (Appendix D) is designed to compute 

statistical probabilities on an embedded Markov chain (Gottman & Roy, 1990; LeFever, 

1990) tabulated from the data recorded during each participants use of the research 

software (Figure 3.4). An embedded Markov chain is produced using the moving time 

window (Gottman & Roy, 1990, pp. 16-17) technique (Figure E.l) by recording only the 

changes of state in the raw data (Figure 3.4). 

06 06106 03:02 06 06 06 03 02 06 

Figure E.l. Creating an embedded matrix with the moving time window. 

This operation results in a matrix where all values along the major diagonal are zero 

(because a state change is not recorded when a given state precedes or follows itself). 

The hypothetical data illustrated in Figure 3.4 may thus be reduced to the embedded 

matrix shown in Figure E.2. 

Following the construction of the embedded matrix (Figure E.2), the 

MARKOV.BAS program (Appendix D) is used to calculate the transition probabilities 

(LeFever, 1990) of each state following (upward transition) and preceding (downward 

transition) each other state. A chi-square test is then performed using these probability 

matrices (LeFever, 1990). The resulting statistic is compared with the tabled value of 

chi-square for (M - 1)2 - M d.f., where M is the number of states. For the matrix 

displayed in Figure E.2, the calculated chi-square statistic is 171.88 for a d.f. = 5 and a 

significance level of p < 0.05. According to tabled values, this statistic exceeds the value 

of 11.05 needed for statistical significance at p < 0.05 and therefore represents a non 
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random pattem of states in the raw data (Figure 3.4). The resulting statistically 

significant property in a matrix is termed a Markov property (LeFever, 1990). 

04 

06 

02 

03 

04 

00 

34 

00 

00 

06 

29 

00 

06 

00 

02 

00 

00 

00 

06 

03 

00 

06 

00 

00 

Figure E.2. An embedded matrix created from raw data in Figure 3.4. 

When a Markov property exists in a matrix, the MARKOV.BAS program 

(Appendix D) calculates a normalized difference or Z-matrix (Figure E.3). According to 

LeFever (1990), the Z-matrix approximates the standard normal distribution, where 

values greater than 2.0 fall outside the central 95% of the distribution. Thus, values 

greater than 2.0 in a Z matrix represent significant contributors to the non randomness of 

the data set (LeFever, 1990). For example. Figure E.3 shows that a transition from state 

#03 to #02 is a significant contributor to the non-randomness of the data set. 

04 

06 

02 

03 

04 

0.00 

0.54 

-1.22 

-1.22 

06 

0.50 

0.00 

0.82 

-2.07 

02 

-1.15 

-2.11 

0.00 

12.47 

03 

-1.15 

0.73 

-0.46 

0.00 

Figure E.3. Computed Z-matrix representing the raw data in Figure 3.4. 
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Using the sample data as an example, these statistically significant transitions are 

identified as a jumps indicating that when a user clicked button #03 they were within 

statistical probabilities to click button #02 next (Figure 3.2). Depending upon how the 

moving time window is used to code the raw data into an embedded Markov chain, 

different pattems in the matrix may be focused upon to determine their probability of 

occurrence. 

Finally the MARKOV.BAS program (LeFever, 1990) calculates the entropy in the 

raw data. Entropy is calculated as the degree of regularity either prior (Pre) or following 

(Post) any given state. Figure E.4 displays the entropy in the raw data from Figure 3.4. 

state 

04 

06 

02 

03 

PRE 

0 . 0 0 

0 . 4 2 

0 . 0 0 

0 . 0 0 

POST 

0 . 0 0 

0 . 3 8 

0 . 0 0 

0 . 0 0 

Figure E.4. Entropy of the raw data represented in Figure 3.4. 

From Figure E.4, it is seen that states #4, #2 and # 3 have pre- and post-entropies of 

0.00. This indicates that each occurrence of these states was always preceded and 

followed by the same other state. However, state #6 shows a pre-entropy of 0.42 and a 

post-entropy of 0.38. This indicates that state #6 was more likely to be followed by a 

particular state than it was Ukely to be preceded by a particular state. In the final data 

analyses, these entropy analyses will be used to inspect for substantial decreases in 
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entropy following a jump state to signal that the computer user has leamed how to 

perform some task using the research software. 
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APPENDIX F 

SIGNIHCANT CELLS IN Z-MATRICES FROM 

PHASE 3 DATA ANALYSES 
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Table F. 1. Interactions contributing to significance of the "cascaded" Z-matrix formed 
from Terry's first four episodes with the research software. 

Item# Description Figure Z-matrix 
(Appendix H) Value 

1 Click the "Start & Stop Here" property H.3 4.26 
sheet tab, then click the "Quit Using this 
Program" button 

2 Click the "Admissions" property sheet H.7 3.41 
tab, then click the "Find" button. 

3 Click the "Admissions" property sheet H.7 3.41 
tab, then click the "Click here if 
transcripts WERE NOT supplied by this 
student" checkbox 

4 Click the "Advisement" property sheet H.18 2.41 
tab, then click the "Find" button. 

5 Enter an incorrect student name or SSN, H.6 & H. 18 3.12 
then click the "Advisement" property 
sheet tab. 

6 Click the "Find" button on the H.6 3.41 
"Admissions" property sheet, enter an 
incorrect student name or SSN, then clear 
an "Student's Record Not Found..." error 
screen. 

7 Click the "CUck here if transcripts WERE H.7 2.08 
NOT supplied by this student" checkbox, 
then click the "Start & Stop Here" 
property sheet tab. 

8 Click the "Grades & Transcripts" property H.19 3.39 
sheet tab, then scroll down the "Student 
Transcript Review Screen." 

9 Click the "Transfer Credits" property H.20 & H. 19 2.08 
sheet tab, then click the "Grades & 
Transcripts" property sheet tab. 
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Table F. 1. (continued). 

Item # Description Figure 
(Appendix H) 

Z-matrix 
Value 

10 Scroll down the "Student Transcript 
Review Screen" then click on the "Start & 
Stop Here" property sheet tab. 

11 Scroll down the "Student Transcript 
Review Screen" then click on the 
"Transfer Credits" property sheet tab. 

H.19 2.02 

H.19 & H.20 2.60 
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Table F.2. Interactions contributing to the significance in the cascade of Lucy' s first two 
episodes with the research software. 

Item# Description Figure Z-matrix 
(Appendix H) Value 

1 Click "Start & Stop Here" sheet tab, click H.3 5.03 
"Quit Using this Program" button. 

2 Click the "Advisement" property sheet H.18 3.85 
tab, then click the "Find" button. 

3 Click "Find" button on "Advisement" H. 18 & H.6 2.67 
property sheet, type name or SSN, clear 
"Student Record Not Found..." screen. 

4 Click on the "Grades & Transcripts" H.19 2.85 
property sheet tab, then scroll down the 
"Student Transcript Review Screen." 

5 Click on the "Transfer Credits" property H.2 & H.22 2.67 
sheet tab, then click the "Teaching 
Certificates" property sheet tab. 

6 Click on "Transfer Credits" property sheet H.20 2.67 
tab, scroll down "Transfer Credits" field. 

7 Click on the "Teaching Certificates" H.22 5.23 
property sheet tab, then scroll down the 
"Teacher Certification" field. 

8 Scroll down the "Teacher Certification" H.22 &H.23 2.67 
field, then click the "Administr. Holds" 
property sheet tab. 

254 

sa-J 



Table F.3. Interactions contributing to the significance of Helen's first four episodes 
with the research software. 

Item# Description Figure Z-matrix 
(Appendix H) Value 

1 Exiting the software (Click "Start & Stop H.3 5.20 
Here" and "Quit Using this Program") 

2 Locate and access "Teaching Fields..." H.7 4.13 
property sheet (Click "Admissions" tab 
and "Teaching Fields, Certif Level and 
Application Essay" tab) 

3 Access the "Advisement" property sheet, H.18 3.65 
then "Find" a student's record. 

4 "Find" a student's record then access the H.7 4.07 
"Teaching Fields..." property sheet 

5 Enter an incorrect name or SSN, then H.6 & H.7 2.55 
retry the "Find" operation. 

6 Go to the "Teaching Fields..." property H.7 5.84 
sheet then "Find" a student's record. 

7 Move from "Printing Memos..." property H.7 5.74 
sheet to the "Advisement" property sheet. 

8 "Find" a student's records then access the H.18 2.04 
"Transfer Credits" property sheet. 

9 Click on the "Addresses" property sheet, H.18 2.55 
then prepare to exit the software by 
clicking on the "Start & Stop Here" 
property sheet. 

10 Click on the "Grades & Transcripts" H. 19 3.66 
property sheet, then scroll down the 
"Student Transcript Review Screen." 
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Table F.3. (continued). 

Item# 

11 

12 

13 

14 

15 

16 

Description 

Click on the "Transfer Credits" property 
sheet, then scroll down the "Transfer 
Credits" record field. 

Click on the "Teaching Certificates" 
property sheet, then scroll down the 
"Teacher Certification" record field. 

Click on the "Administr. Holds" property 
sheet, then scroll down the 
"Administrative Holds" record field. 

Scroll down the "Student Transcript 
Review Screen" then click on the 
"Teaching Certificates" property sheet. 

Scroll down the "Student Transcript 
Review Screen" then click on the 
"Administr. Holds" property sheet. 

Scroll down the "Teacher Certification" 
review field, then prepare to exit the 
software by clicking on the "Start & Stop 
Here" property sheet tab. 

Figure 
(Appendix H) 

H.20 

H.22 

H.25 

H.19 

H.19 

H.22 

Z-matrix 
Value 
4.34 

5.92 

5.92 

3.11 

3.11 

2.55 
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APPENDDC G 

TRIPS" AND "JUMPS" IDENTIFIED IN 

PHASE 3 DATA ANALYSES 
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Table G. 1. "Trips" identified in Terry's interaction with the research software. 

Description 

Click on the "Advisement" property 
sheet tab. 

Refer to Figure Entropy Entropy 
(Appendix H) before after 

H.3 0.00 0.41 

Click the "Find" button on the 
"Advisement" property sheet. 

Scroll down the "Student Transcript 
Review Screen." 

H.18 

H.19 

0.24 

0.00 

0.45 

0.28 

Table G.2. "Jumps" identified in Terry's interaction with the research software. 

Description Refer to Figure Entropy Entropy 
(Appendix H) before after 

Click the "Start & Stop Here" property 
sheet tab. 

H.3 0.45 0.00 

Click the "Grades & Transcripts" 
property sheet tab. 

H.19 0.45 0.24 

Table G.3. "Trips" identified in Lucy's interaction with the research software. 

Description 

Click the "Find" button on the 
"Advisement" property sheet tab. 

Scroll down the "Student Transcript 
Review" screen. 

Refer to Figure Entropy Entropy 
(Appendix H) before after 

H.18 

H.19 

0.26 

0.00 

0.44 

0.44 
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Table G.4. "Jumps" identified in Lucy's interaction with the research software. 

Description 

Click the "Start & Stop Here" property 
sheet tab. 

Click the "Grades & Transcripts" 
property sheet tab. 

Table G.5. "Trips" identified in Helen' 

Description 

Refer to Figure Entropy 
(Appendix H) before 

H.3 0.28 

H.18 0.65 

Entropy 
after 
0.00 

0.38 

s interaction with the research software. 

Refer to Figure Entropy 
(Appendix H) before 

Entropy 
after 

'Advisement" property sheet tab H.3 0.00 0.20 

"Find" button on "Advisement" sheet H.22 0.20 0.37 

"Student Transcript Review Screen" 
field 

H.19 0.00 0.39 

"Transfer Credits" scrolling field H.20 0.00 0.24 

Table G.6. "Jumps" identified in Helen's interaction with the research software. 

Description 

"Start & Stop Here" property sheet tab 

"Teaching Fields, Certif Level and 
Application Essay" property sheet tab 

"Grades & Transcripts" property sheet. 

"Transfer Credits" property sheet tab. 

Refer to Figure Entropy 
(Appendix H) before 

H.3 

H.9 

H.19 

H.20 

0.49 

0.24 

0.49 

0.24 

Entropy 
after 
0.00 

0.00 

0.24 

0.20 
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Table G.7. Trips identified in Jean's interaction with the research software. 

Description Refer to Figure Entropy Entropy 
(Appendix H) before after 

Click on the "Admissions" property tab H.7 0.48 

260 

0.59 

Click on the "Teaching Fields, Certif H.9 0.30 0.54 
Level & Application Essay" tab 

Click on the "Printing Memos, Labels, H. 11 & H. 12 0.36 0.43 
Letters and Reports" property tab. 

Click on the "First Teaching Field" H.9 & H. 10 0.30 0.49 
drop down box. 

Click on the "Second Teaching Field" H.9 & H. 10 0.13 0.17 
drop down box. 

Type data into the "Exceptional H.9 0.27 0.33 
Criteria" scrolling field. 

Click on the "All Level" Certification H.9 0.15 0.28 
Level checkbox. 

Click on the "Elementary" Certification H.9 0.13 0.20 
Level checkbox. 

Click the "Print" button on the H.ll 0.13 0.36 
"Memos" property sheet. 

Click on the "Grades & Transcripts" H. 19 0.09 0.15 
property sheet tab. 

Click on the "Transfer Credits" H.20 0.23 0.42 
property sheet tab. 

Scroll down the "Student Transcript H. 19 0.15 0.26 
Review Screen." 

Scroll down the "Transfer Credits" H.20 0.00 0.19 
field. 



Table G.8. "Jumps" identified in Jean's interaction with the research software. 

Description 

Click the "Start & Stop Here" property 
sheet tab. 

Click the "Advisement" property sheet 
tab. 

Refer to Figure 
(Appendix H) 

H.3 

H.18 

Entropy 
before 
0.28 

0.53 

Entropy 
after 
0.13 

0.39 

Click the "Find" button on the 
"Admissions" property sheet. 

Click the "Academic Admission 
Criteria" property sheet tab. 

Click the "Transcripts were NOT 
supplied by this student" checkbox. 

Type into the "Add additional 
information..." field. 

H.7 

H.7 

H.7 

H.9 

0.58 

0.43 

0.45 

0.19 

0.39 

0.38 

0.23 

0.17 

Click in the "Secondary" Certification 
Level checkbox. 

H.9 0.30 0.00 

Click on the "Labels, Letters & 
Reports" property sheet tab. 

Click the "Report of all applicants with 
a 'close' GPA..." checkbox. 

Click the "Memo requesting Transfer 
Transcripts for..." checkbox. 

Click the "Find" button on the 
"Advisement" property sheet. 

H.12 

H.12 

H.ll 

H.18 

0.19 

0.30 

0.37 

0.36 

0.00 

0.19 

0.00 

0.00 

261 

m^i;gmammtm^m^ia^m 



APPENDIX H 

INDIVIDUAL SCREENS IN THE RESEARCH SOFTWARE 
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e of Education 
Student Database 

"Log In" to the database by typing your 
USER ID below and clicking "OK," or 

click "Cancel" to quit now. 
* «v . * m^:^mm^-

S;̂ jQanceI 

Figure H. 1. Log in screen. 

..., -̂  . 7 nnf /n ' 

Figure H.2. Log in abort screen. 
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Figure H.3. "Start & stop" screen. 

College of Education 

^an £ Step H^i; Atfws^'ftent 

' f ftM»a«Brf CMm" -C&at to look for» studenrs record by ckcjor̂  * « 'FVid* but»n ar Sw i i t ) * 
•>*^^ . ii»\A « \ ^ \ * 

CS£iatf!i!!i08!!i?. 1̂ 1 

l<C(Mv« Omht (Add transfer credit hMffS frar- i^ji-iire z'jppiied I'Stscnpts) 

»8»pw _ _ _ _ _ _ _ _ _ 
8 08 

0»ft < 

ara *•?>»!--.f.^*- i \ * * * . kjj»t •"^^(»tSt3¥""S «;j>,r'«T* 

t ^^^^(tnfssMnCrffarfe 

buk.L-

^•BH* a. 
'**Tj's;jf^ 

Figure H.4. Admissions, demographic and academic data (empty). 
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,S3artlcH8j*f' r-Pen fh»'P raf |5t^rt at Ihfteft > 

• W i i . i i i T i i i . . . ) . . . hl.^'- l l l 

a l Find A Student's Records 

C« 3 
Ĉ meet 

V-, 

fTAS?^Scoi»i-
winieckj 

am 

3«8)^(«J»*»^: 

Artrmss«to« DwTtu s 

Figure H.5. Admissions, find student screen. 

Advismn^nt AmSsshra 

cfe*in§ the Tind" bwao-i«£f» *e* 

4<ARikf<9nSt>t(if (CEka(the^)pro^attl^bairto^iOW9r(it8:f«te«iis student's adnssstonsta^Jî ^ 

H f i 

Figure H.6 . Admiss ions , error finding student records. 
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College of Education 

STart S. SJop Here Ajmftwtoiar' Advii^m&nt 
^,.y. ' ; . .^o^ .^•s-'^jis 

igjl^igigp N̂; XN\\\ ^ V Student Harmi 
M l̂pf' rtsr̂  w«H«T«v< 

^ 3ii3IiS'^^^E!ij02l] ssss 

Sax Ethrecfty Maiar 
M I W I EOT 

SUJ8 Local ZS|? xtow^ "^tep^wne 

^1 ^CaBaet'thmku IAJJ tai -̂ ;er 

Te i^GPA _ <«» i Tte«itP«»it» ^'«W.B«1''--Tash Mount &7 8« ' 

.-̂  ̂ - T r « ( i r f w C y A | j j j | ^ , '''^^**'^ Po«^ WBBi A Transfer Hours 

: • <»*h««if»*i$cns;sV;r:RSNOT£ttppl)Bti'^*«:$^d€nt 

Figure H.7. Admissions, demographic and academic data (found). 

Figure H.8. Admissions, can't change data error screen. 
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Figure H.17. Admissions, "clean up" after printing screen. 

Figure H.18. Advisement, demographic data screen. 
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Figure H.20. Advisement, enter transfer data screen. 

272 



^ TASPSeorws— 

^f^sad H H Wrfte| 

f 7'rttAsfl»>CnK0tr >(Adf 

Some data is missing 

Data is wteshftg from ttrose f telds. 

TrEBisfer Activity No. 
Coitege Code 

.-. Hours Accpt 
^ . Trac)Sl<kade 

Queaity Hours 
<3tuaJHy Ps^U 

EmfDate 
CrecftlTerm 

Efiter tho mis^ig tfette fetto these fli^ds 

~o^^A* 

AKr~ 

^M^t>r EDIT 

Figure H.21. Advisement, data missing screen. 

i a i b »ym^^««d.ytwc>n ^ 0 enter the d«e <t«ta)yl«&Jhe gî y &eid faetov<fo ̂ ^̂ ^̂ '̂ ^̂ '̂'̂ '" f ' 
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Figure H.24. Advisement, selecting data from drop-down list. 
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SAMPLE OF PROGRAMMING CODE IN THE RESEARCH SOFTWARE 

DESIL928.BAS ©1995, DONALD J. WINIECKI 
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Dim Loading As Integer • global true/false variable 
Dim stateCode As String • declare state code in DesiL fields 
Dim stateCode_ As String 
Dim emphasisCode As String 
Dim certLevel As String 

Sub admlField_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admlField.Tag & Chr${32) 

End Sub 

Sub admlField_SelChange (Itemlndex As Long) 

'change the field value based on selection 
admlField.Row = admlField.Listlndex 
admlField.Text = admlField.List 

End Sub 

Sub adm2Field_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & adm2Field.Tag & Chr$(32) 

End Sub 

Sub adm2Field_SelChange (Itemlndex As Long) 

• change the field value based on selection 
adm2Field.Row = adm2Field.ListIndex 
adm2Field.Text = adm2Field.List 

End Sub 

Sub admAcaAdv_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAcaAdv.Tag & Chr$(32) 

End Sub 

Sub adinAccept_Change () 

'write status to a hidden field and into database 
If admAccept.Value = 1 Then admitStatus.Text = "Admit" 

End Sub 

Sub admAccept_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAccept.Tag & Chr$(32) 

End Sub 

Sub admAddInfo_Click (Button As Integer) 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
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MarkovField.Text = MarkovField.Text & admAddInfo.Tag & Chr$(32) 

End Sub 

Sub admAdmitLabels_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAdmitLabels.Tag & Chr$(32) 

End Sub 

Sub admAdmitLetter_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAdmitLetter.Tag & Chr$(32) 

End Sub 

Sub admAllLevel_Click (Value As Integer) 

'write certlevel to a hidden field and into database 
admCertificationLevel.Text = "All Level" 

admAllLevel.Value = 1 

'complete "rule-based" admission 
If admTotalGPA.Text >= 2.5 And admTotalHours.Text >= 60 Then 

admAccept.Value = 1 
Else 

admAccept.Value = 0 
End If 

Call updateColors 

End Sub 

Sub admAllLevel_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAllLevel.Tag & Chr$(32) 

End Sub 

Sub admAppReport_GotFocus () 

•Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admAppReport.Tag & Chr$(32) 

End Sub 

Sub admCertificationLevel_Change () 

certLevel = admCertificationLevel.Text 

If admCertificationLevel.Text = "All Level" Then 
admAllLevel.Value = 1 

Elself admCertificationLevel.Text = "Early Childhood" Then 
admEarlyChildhood.Value = 1 

Elself admCertificationLevel.Text = "Elementary" Then 
admElementary.Value = 1 

Elself admCertificationLevel.Text = "Secondary" Then 
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admSecondary.Value = 1 
Elself admCertificationLevel.Text = "Ag. & Vocational" Then 

admVocational.Value = 1 
End If 

End Sub 

Sub admCloseGPA_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admCloseGPA.Tag & Chr$(32) 

End Sub 

Sub admConditional_Change () 

'write status to a hidden field and into database 
If admConditional.Value = 1 Then admitStatus.Text = "Conditional" 

End Sub 

Sub admConditional_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admConditional.Tag & Chr$(32) 

End Sub 

Sub admDenied_Change () 

'write status to a hidden field and into database 
If admDenied.Value = 1 Then admitStatus.Text = "Denied" 

End Sub 

Sub admDenied_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admDenied.Tag & Chr$(32) 

End Sub 

Sub admDepartment_Click (Index As Integer, Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admDepartment_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admDepartment(0).Tag & 
Chr$(32) 

End Sub 

Sub admDeptHeads_GotFocus () 

'Write the Markov * for this control to the holder variable. 
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• the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admDeptHeads.Tag & Chr$(32) 

End Sub 

Sub admEarlyChildhood_Click (Value As Integer) 

'write certlevel to a hidden field and into database 
admCertificationLevel.Text = "Early Childhood" 

admEarlyChildhood.Value = 1 

'complete "rule-based" admission 
If admTotalGPA.Text >= 2.7 And admTotalHours.Text >= 60 Then 

admAccept.Value = 1 
Else 

admAccept.Value = 0 
End If 

Call updateColors 

End Sub 

Sub admEarlyChildhood_MouseDown (Button As Integer, Shift As 
Integer, X As Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admEarlyChildhood.Tag & 
Chr$(32) 

End Sub 

Sub admElementary_Click (Value As Integer) 

'write certlevel to a hidden field and into database 
admCertificationLevel.Text = "Elementary" 

admElementary.Value = 1 

'complete "rule-based" admission 
If admTotalGPA.Text >= 2.7 And admTotalHours.Text >= 60 Then 

admAccept.Value = 1 
Else 

admAccept.Value = 0 
End If 

Call updateColors 

End Sub 

Sub admElementary_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admElementary.Tag & Chr$(32) 

End Sub 

Sub admEthnicity_Click (Index As Integer, Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 
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Sub admEthnicity_GotFocus (Index As Integer) 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admEthnicity(17).Tag & 
Chr$(32) 

End Sub 

Sub admExcepCrit_Click (Button As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admExcepCrit.Tag & Chr$(32) 

End Sub 

Sub admFind_Click () 

MousePointer = 11 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admFind.Tag & Chr$(32) 

'when changing student records, empty the "advCertAreaSought" field 
advCertAreaSought.Text = "" 

'sub at (general) level 
Call getUserlnput 

'call subs to convert data codes to abbrev's. 
StateCode = admState(3).Text 
'Call convertLocalState 
stateCode_ = advPermState(24).Text 
'Call convertPermState 
emphasisCode = advEmphasis(18).Text 
Call convertEmphasis 

'clear all printing option buttons 
Call cleanPrintButtons 

Call updateColors 

Call admTotalGPA_Change 

MousePointer = 0 

End Sub 
Sub admInstResLabels_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & adminstResLabels.Tag & 
Chr$(32) 

End Sub 

Sub admitStatus_Change 0 

If admitStatus.Text = "Admit" Then 
admAccept.Value = 1 

Elself admitStatus.Text = "Conditional" Then 
admConditional.Value = 1 

Elself admitStatus.Text = "Denied" Then 
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admDenied.Value = 1 
Else 

admAccept.Value = 0 
admConditional.Value = 0 
admDenied.Value = 0 

End If 

End Sub 

Sub admJrCollAdv_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admJrCollAdv.Tag & Chr$(32) 

End Sub 

Sub admLocalAddress_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admLocalAddress(6).Tag & 
Chr$(32) 

End Sub 

Sub admLocalAddress_LostFocus (Index As Integer) 

'update the advLocalStreet(0) text 
If advLocalStreet (0) .Text = admLocalAddress(6) .Text Then 

Exit Sub 
Else 

advLocalStreet(0).Text = admLocalAddress(6).Text 
End If 

End Sub 

Sub admLocalCity_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admLocalCity(5).Tag & Chr$(32) 

End Sub 

Sub admLocalCity_LostFocus (Index As Integer) 

'update the advLocalCity(1) text 
If advLocalCity(1).Text = admLocalCity(5).Text Then 

Exit Sub 
Else 

advLocalCity(1).Text = admLocalCity(5).Text 
End If 

End Sub 

Sub admLocalTelephone_GotFocus (Index As Integer) 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admLocalTelephone(5).Tag & 
Chr$(32) 

End Sub 

Sub admLocalTelephone_LostFocus (Index As Integer) 
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'update the advLocalCity(1) text 
If advLocalTelephone(19).Text = admLocalTelephone(5).Text Then 

Exit Sub 
Else 

advLocalTelephone(19) .Text = admLocalTelephone(5) .Text 
End If 

End Sub 

Sub admLocalZip_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admLocalZip(4).Tag & Chr$(32 

End Sub 

Sub admLocalZip_LostFocus (Index As Integer) 

'update the advLocalCity(1) text 
If advLocalZip(20).Text = admLocalZip(4).Text T hen 

Exit Sub 
Else 

advLocalZip(20).Text = admLocalZip(4).Text 
End If 

End Sub 

Sub admMemoLetterPrint_Click () 

Dim exitMsg, memoMsg, printed As String 

On Error GoTo PrintError 

MousePointer = 11 

•Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admMemoLetterPrint.Tag & 
Chr$(32) 

'check if anything has been set for printing, if not bail out 
If adminstResLabels.Value = 0 And admNewStuLabels.Value = 0 And 
admDeptHeads.Value = 0 And admAcaAdv.Value = 0 And 
admJrCollAdv.Value = 0 And admRequestXcripts.Value = 0 Then 

Response% = MsgBox("Select an item first, then click the 'Print' 
button." & Chr$(10) & Chr$(10) & "You can select an item by 
clicking the blue box next to its description.", 64, "Can't 
Print") 
MarkovField.Text = MarkovField.Text & "-" & 
admMemoLetterPrint.Tag & Chr$(32) 
MousePointer = 0 
Exit Sub 

End If 

'write the current record into the database 
• You need to move refresh the dataset to do it... 
Demograp.Recordset.MoveFirst 

'seed the dialog box messages and print 'flag' variable 
memoMsg = "Insert letterhead paper into the UPPER paper tray " 
memoMsg = memoMsg & "of the printer before continuing." 

Sc Chr$(10) Sc Chr$(10) 
Sc "(This program isn't able to print onto " 
Sc "letterhead in the LOWER tray. . . ) " 
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exitMsg = "Be sure to remove all letterhead paper from the UPPER " 
exitMsg = exitMsg & "printer tray when you pick up your printed 
copies." 

printed = "no" 

'See which items to print. 
record selection rules for these reports is embedded in the 
reports themselves. All reports are in Crystal Reports format, 
and located in "i:\database\*.rpt" 

'Institutional Research memo 
If adminstResLabels.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admlnstResLabels.Tag & 
Chr$(32) 
Call cleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 
MousePointer = 11 
printed = "yes" 

' Reportl.Destination = 0 
window 

Reportl.ReportFileName = 
Reportl.Action = 1 
MousePointer = 0 

End If 

'send to print preview 

i:\database\inst_res.rpt" 

'New Student Relations memo 
If admNewStuLabels.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admNewStuLabels.Tag & 
Chr$(32) 
Call CleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 
MousePointer = 11 
printed = "yes" 
Reportl.Destination = 0 
Reportl.ReportFileName = 
Reportl.Action = 1 
MousePointer = 10 

End If 

'send to window 
i:\database\stud_rel.rpt" 

'Department Head memo 
If admDeptHeads.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admDeptHeads.Tag k 
Chr$(32) 
Call cleanPrintButtons 
MousePointer = 0 
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Exit Sub 
End If 
MousePointer = 11 
printed = "yes" 
Reportl.Destination = 0 
Reportl.ReportFileName = 
Reportl.Action = 1 
MousePointer = 0 

End If 

'send to window 
\database\depthead.rpt" 

'Academic Advisor memo 
If admAcaAdv.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox ("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admAcaAdv.Tag & 
Chr$(32) 
Call CleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 
MousePointer = 11 
printed = "yes" 
Reportl.Destination = 0 

Reportl.ReportFileName = 
Reportl.Action = 1 
MousePointer = 0 

End If 

'send to window 
'i:\database\acadAdv.rpt" 

'send to window 
i:\database\jr_coll.rpt" 

'Jr. College memo 
If admJrCollAdv.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admJrCollAdv.Tag & 
Chr$(32) 
Call cleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 
MousePointer = 11 
printed = "yes" 
Reportl.Destination = 0 
Reportl.ReportFileName = 
Reportl.Acti on = 1 
MousePointer = 0 

End If 

'request transcripts 
If admRequestXcripts.Value = 1 Then 

'output the dialog box to put correct paper in the printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text & "-" & admRequestXcripts.Tag 
& Chr$(32) 
Call cleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 
MousePointer = 11 
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printed = "yes" 
Reportl.Destination = 0 'send to window 
Reportl.ReportFileName = "i:\database\reqXcrip.rpt" 
Reportl.Action = 1 
MousePointer = 0 

End If 

If printed = "yes" Then 
Response% = MsgBox(exitMsg, 64, 
MousePointer = 0 
Call CleanPrintButtons 
printed = "no" 

End If 

'Cleaning Up After Printing") 

'Error handler line label. Called when a runtime error occurs 
PrintError: 

Select Case Err 
Case 482: Msg = "The printer isn't ready. Please check to be 
sure the printer is on, and has the right kind of paper 
(letterhead, labels...) in the UPPER paper tray. Then retry the 
print command." 
Case 20504: Msg = "Report is not in the expected directory." 
Case Else: Msg = "ERROR " & Err Sc ". Copy this error number down 
for reference." 

End Select 
'display error dialog 
If Err = 482 Then 

Response% = MsgBox(Msg, 48, "Error Printing this File") 
Resume 

Elself Err = 0 Or Err =20 Then 
'spurious errors, dump them 
Resume Next 

Else 
Response% = MsgBox(Msg, 48, "Error Printing this File") 
Resume Next 

End If 

End Sub 

Sub admNewStuLabels_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admNewStuLabels .Tag k Chr$(32) 

End Sub 

Sub admProgReport_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admProgReport .Tag Sc Chr$(32) 

'output a message telling that this report is not functional 
'Response% = MsgBox("This report has not been completed for the 
prototype version of this software.", 64, "Under Construction") 
•admProgReport.Value = False 

End Sub 

Sub admReportPrint_Click () 

Dim exitMsg, labelMsg, memoMsg, printed, paperType As String 

On Error GoTo PrinterError 
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MousePointer = 11 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admReportPrint .Tag Sc Chr$(32) 

'check if anything has been set for printing, if not bail out 
If admAdmitLabels.Value = 0 And admAdmitLetter.Value = 0 And 
admCloseGPA.Value = 0 And admAppReport.Value = 0 And 
admProgReport.Value = 0 Then 

Response% = MsgBox("Select an item first, then click the 'Print' 
button." Sc Chr$(10) Sc Chr$(10) Sc "You can select an item by 
clicking the blue box next to its description.", 64, "Can't 
Print") 
MarkovField.Text = MarkovField.Text Sc "-" Sc admReportPrint. Tag Sc 
Chr$(32) 
MousePointer = 0 
Exit Sub 

End If 

'write the current record into the database 
' You need to move refresh the dataset to do it. . . 
Demograp.Recordset.MoveFirst 

'seed the dialog box messages and print 'flag' variable 
memoMsg = "Insert letterhead paper into the UPPER paper tray 
memoMsg = memoMsg Sc "of the printer before continuing." 
memoMsg = memoMsg Sc Chr$(10) & Chr$(10) 
memoMsg = memoMsg Sc "(This program isn't able to print onto 
memoMsg = memoMsg Sc "letterhead in the LOWER tray...)" 

labelMsg 
labelMsg 
before " 
labelMsg 
labelMsg 
labelMsg 

"Insert mailing labels ('Avery' Laser Labels *5160) ' 
labelMsg Sc "into the UPPER paper tray of the printer 

labelMsg 
labelMsg 
labelMsg 

Sc "continuing." Sc Chr$(10) Sc Chr$(10) 
Sc "(This program isn't able to print onto 
Sc "labels in the LOWER tray. . . ) " 

printed = "no" 

'See which items to print. 
• !! record selection rules for these reports is embedded in the 
' !! reports themselves 

'mailing labels 
If admAdmitLabels.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(labelMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") . 
MarkovField.Text = MarkovField.Text Sc "-" Sc admAdmitLabels .Tag Sc 
Chr$(32) 
Call cleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 

paperType = "label" 
printed = "yes" 
MousePointer = 11 

'accepted students 
Reportl.ReportFileName 
Reportl.Action = 1 

= "i:\database\a_labels.rpt' 
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'conditional students 
Reportl.ReportFileName = "i:\database\c_labels.rpt" 
Reportl.Action = 1 

'denied students 
Reportl.ReportFileName = "i:\database\d_labels.rpt" 
Reportl.Action = 1 
MousePointer = 0 

End If 

'letters t o applicants 
If admAdmitLetter.Value = 1 Then 

'output the dialog box to put correct paper in printer 
Response% = MsgBox(memoMsg, 65, "Preparing to Print") 
If Response% = 2 Then 

Response% = MsgBox("Printing has been canceled.", 64, "Command 
Received") 
MarkovField.Text = MarkovField.Text Sc "-" Sc admAdmitLetter .Tag Sc 
Chr$(32) 
Call CleanPrintButtons 
MousePointer = 0 
Exit Sub 
End If 

paperType = "letterhead" 
printed = "yes" 
MousePointer = 11 

'accepted students 
Reportl.ReportFileName 
Reportl.Action = 1 

'conditional students 
Reportl.ReportFileName 
Reportl.Action = 1 

'denied students 
Reportl.ReportFileName 
Reportl.Action = 1 
MousePointer = 0 

End If 

= "i:\database\a_lettrs.rpt' 

= "i:\database\c_lettrs.rpt' 

= "i:\database\d_lettrs.rpt' 

'students with "close" GPA report 
If admCloseGPA.Value = 1 Then 

MousePointer = 11 
Reportl.Destination = 0 'send to window 

Reportl.ReportFileName = "i:\database\closeGPA.rpt" 
Reportl.Action = 1 
Call cleanPrintButtons 
MousePointer = 0 

End If 

'summary of applicants by teaching field or specialization report 
If admAppReport.Value = 1 Then 

MousePointer = 11 
Reportl.Destination = 0 'send to window 

Reportl.ReportFileName = "i:\database\appSumry.rpt" 
Reportl.Action = 1 
Call cleanPrintButtons 
MousePointer = 0 

End If 

'students per program and by admit, conditional or denied status 
report 
' (this is only a dummy report. 8/14/95) 
If admProgReport.Value = 1 Then 
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'send to window 
"i:\database\admStats.rpt" 
i:\database\dummy.rpt" 

MousePointer = 11 
Reportl.Destination = 0 
'Reportl.ReportFileName = 
Reportl.ReportFileName = ' 
Reportl.Action = 1 
Call CleanPrintButtons 
MousePointer = 0 

End If 

If printed = "yes" Then 
exitMsg = "Remember to remove all of the " & paperType Sc " 
paper from the UPPER " 
exitMsg = exitMsg Sc "printer tray when you pick up your printed 
copies." 
Response% = MsgBox(exitMsg, 64, "Cleaning Up After Printing") 
MousePointer = 0 
Call CleanPrintButtons 
printed = "no" 

End If 

'Error handler line label. Called when a runtime error occurs 
PrinterError: 

Select Case Err 
Case 482: Msg = "The printer isn't ready. Please check to be sure 
the printer is on, and has the right kind of paper (letterhead, 
labels...) in the UPPER paper tray. Then click 'OK' to continue." 
Case 20504: Msg = "Report is not in the expected directory." 
Case Else: Msg = "ERROR " Sc Err Sc " Exact cause unknown. Copy 
this error number down for reference." 

End Select 
'display error dialog 
If Err = 482 Then 

Response% = MsgBox(Msg, 48, ' 
Resume 

Elself Err = 0 Or Err =20 Then 
'spurious errors, dump them 
Resume Next 

Else 
Response% = MsgBox(Msg, 48, ' 
Resume Next 

End If 

Error Printing this File" 

Error Printing this File" ) 

End Sub 

Sub admRequestXcripts_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admRequestXcripts .Tag Sc 
Chr$(32) 

End Sub 

Sub admSecondary_Click (Value As Integer) 

'write certlevel to a hidden field and into database 
admCertificationLevel.Text = "Secondary" 

admSecondary.Value = 1 

'complete "rule-based" admission 
If admTotalGPA.Text >= 2.5 And admTotalHours.Text >= 60 Then 

admAccept.Value = 1 
Else 

admAccept.Value = 0 
End If 
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Call updateColors 

End Sub 

Sub admSecondary_MouseDown (Button As Integer, Shift As Integer, X As 
Single, Y As Single) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admSecondary. Tag Sc Chr$(32) 

End Sub 

Sub admSex_Click (Index As Integer, Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admSex_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admSex (0) . Tag Sc Chr$(32) 

End Sub 

Sub admSSN_Change (Index As Integer) 

Call updateHours 
Call updatePoints 

End Sub 

Sub admSSN_Click (Index As Integer, Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admSSN_GotFocus (Index As Integer) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admSSN (1) .Tag k Chr$(32) 

End Sub 

Sub admSSN_KeyPress (Index As Integer, KeyAscii As Integer) 

' 7/28/95, 7/30/95, 7/31/95 

Dim strEntry As String 
Dim strCriterion As String 
Dim strBookmark As String 
Dim msgString As String 
Dim startSSN As String 
Dim middleSSN As String 
Dim endSSN As String 
Dim sensibleSSN As String 

If KeyAscii =13 Then 
StrEntry = admSSN(l).UnFmtText 
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MousePointer = 11 'set cursor to hourglass 

'set a bookmark 
StrBookmark = Demograp.Recordset.Bookmark 
'create the criterion string 
StrCriterion = "SSN = ' " Sc Trim (strEntry) Sc " ' " 
'Invoke the FindFirst method to retrieve the matching SSN and 
data 
Demograp.Recordset.FindFirst strCriterion 

MousePointer = 0 'restore cursor to default shape 

If Demograp.Recordset.NoMatch Then 
'No matching record was found 
'decompose the SSN string and store the 3 parts in variables 
StartSSN = Left$(strEntry, 3) 
middleSSN = Mid$(strEntry, 4, 2) 
endSSN = Right$(strEntry, 4) 

'reassemble the SSN from variables, inserting dashes 
sensibleSSN = startSSN Sc "-" k middleSSN Sc "-" Sc endSSN 

'output the error dialog box 
msgString = "No SSN's match '" Sc sensibleSSN Sc "'." 
Response% = MsgBox(msgString, 64, "Student's Record Not Found") 
Demograp.Recordset.Bookmark = strBookmark 
End If 

End If 

End Sub 

Sub admState_GotFocus (Index As Integer) 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admState (3) .Tag Sc Chr$(32) 

End Sub 

Sub admState_LostFocus (Index As Integer) 

'update the advLocalCity(1) text 
If advLocalState(21).Text = admState(3).Text Then 

Exit Sub 
Else 

advLocalState(21).Text = admState(3).Text 
End If 

End Sub 

Sub admStudentName Change () 

'general level sub to check if current record is the dummy record 
Call checklfStudent 

End Sub 

Sub admStudentName Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admStudentName GotFocus () 
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'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admStudentName_.Tag Sc Chr$(32) 

End Sub 

Sub admStudentName KeyPress (KeyAscii As Integer) 

' 7/29/95 -> This version accepts only ALL CAPS, AND EXACT MATCH 
WITH 

STUDENT NAME AS STORED IN DEMOG941.NAME 
Adapted from pp 405-409 in "Database Developer's Guide with 
VisualBasic 3, " Sams Publ." 
modified 7/29/95 

8/1/95 -> Now case insensitive and will find a fragment match 
(Thanks to Steve Mechler mechlerSone.net). 

Dim StrEntry As String 
Dim StrCriterion As String 
Dim StrBookmark As String 
Dim msgString As String 

'if the enter key was pressed 
'set cursor to hourglass 

If KeyAscii = 13 Then 
MousePointer = 11 
'store the user's input 
StrEntry = admStudentName_.UnFmtText 
'set a bookmark 
StrBookmark = Demograp.Recordset.Bookmark 
'create the criterion string 
StrCriterion = "Name LIKE '" Sc strEntry Sc "*" Sc "'" 

'find the first instance, won't work w/o "Trim$()" 
Demograp.Recordset.FindFirst Trim$(strCriterion) 

If Demograp.Recordset.NoMatch Then 
'if no matching record was found output the error dialog box 
msgString = "No student names match ' " Sc strEntry Sc " • . •• 
Response% = MsgBox(msgString, 64, "Student's Record Not 

Found") 
Demograp.Recordset.Bookmark = strBookmark 

End If 

MousePointer = 0 
End If 

'restore cursor to default shape 

End Sub 

Sub admTASPMath_Change () 

If admTASPMath.Text < 230 Then 
'set the field colors to signify TASP score 
admTASPMath.BackColor = QBColor(4) 
background 
admTASPMath.ForeColor = QBColor(6) 
letters 
advTASPMath.BackColor = QBColor(4) 
background 
advTASPMath.ForeColor = QBColor(6) 
letters 

Else 
admTASPMath.BackColor = QBColor(2) 
background 
admTASPMath.ForeColor = QBColor(O) 
letters 
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advTASPMath.BackColor = QBColor(2) 'adv sheet green 
background 
advTASPMath.ForeColor = QBColor(O) 'adv sheet black 
letters 

End If 

End Sub 

Sub admTASPMath_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTASPMath_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTASPMath.Tag Sc Chr$(32) 

End Sub 

Sub admTASPReading_Change () 

'adm sheet red 

'adm sheet yellow 

'adv sheet red 

'adv sheet yellow 

'adm sheet green 

'adm sheet black 

'adv sheet green 

'adv sheet black 

If admTASPReading.Text < 230 Then 
'set the field colors to signify TASP score 
admTASPReading.BackColor = QBColor(4) 
background 
admTASPReading.ForeColor = QBColor(6) 
letters 
advTASPReading.BackColor = QBColor(4) 
background 
advTASPReading.ForeColor = QBColor(6) 
letters 

Else 
admTASPReading.BackColor = QBColor(2) 
background 
admTASPReading.ForeColor = QBColor(O) 
letters 
advTASPReading.BackColor = QBColor(2) 
background 
advTASPReading.ForeColor = QBColor(O) 
letters 

End If 

End Sub 

Sub admTASPReading_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTASPReading_GotFocus () 

'Write the Markov * for this control to the holder variable. 
• the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTASPReading.Tag Sc Chr$(32) 

End Sub 

Sub admTASPWriting_Change () 

If admTASPWriting.Text < 220 Then 
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'adm sheet red 

'adm sheet yellow 

'adv sheet re d 

'adv sheet yellow 

'adm sheet green 

'adm sheet black 

'adv sheet green 

'adv sheet black 

'set the field colors to signify TASP score 
admTASPWriting.BackColor = QBColor(4) 
background 
admTASPWriting.ForeColor = QBColor(6) 
letters 
advTASPWriting.BackColor = QBColor(4) 
background 
advTASPWriting.ForeColor = QBColor(6) 
letters 

Else 
admTASPWriting.BackColor = QBColor(2) 
background 
admTASPWriting.ForeColor = QBColor(O) 
letters 
advTASPWriting.BackColor = QBColor(2) 
background 
advTASPWriting.ForeColor = QBColor(O) 
letters 

End If 

End Sub 

Sub admTASPWriting_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTASPWriting_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTASPWri ting. Tag Sc Chr$(32) 

End Sub 

Sub admTechGPA_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTechGPA_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTechGPA.Tag Sc Chr$(32) 

End Sub 

Sub admTechHours_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTechHours_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTechHours . Tag Sc Chr${32) 

End Sub 
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Sub admTechPoints_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTechPoints_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text & admTechPoints .Tag Sc Chr$(32 

End Sub 

Sub admTotalGPA_Change () 

'set field colors to signify values 
' If admTotalGPA.Text <> 0 Then 

Call updateColors 
Else 

' Call resetColorsToNeutral 
End If 

End Sub 

Sub admTotalGPA_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTotalGPA_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTotalGPA.Tag Sc Chr$(32) 

End Sub 

Sub admTotalHours_Change () 

Call lockFields 

'change color to signify earned hours 
If admTotalHours.Text < 60 Then 

admTotalHours.BackColor = QBColor(4) 
background 
admTotalHours.ForeColor = QBColor(6) 
letters 

Else 
admTotalHours.BackColor = QBColor(2) 
background 
admTotalHours.ForeColor = QBColor(O) 
letters 

End If 

'update the grade total 
'Call updateGPA 

'adm sheet red 

'adm sheet yellow 

'adm sheet green 

'adm sheet black 

' Call unlockFields 

End Sub 
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Sub admTotalHours_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTotalHours_GotFocus () 

'Write the Markov # for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTotalHours .Tag Sc Chr$(32) 

End Sub 

Sub admTotalPoints_Change () 

'update grades based on other points additions 
'Call updateGPA 

End Sub 

Sub admTotalPoints_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTotalPoints_GotFocus {) 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTotalPoints .Tag Sc Chr$(32) 

End Sub 

Sub admTransferGPA_Click (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTransferGPA_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTransferGPA.Tag Sc 
Chr$(32) 

End Sub 

Sub admTransferHours_Change () 

admTotalHours.Text = Val(admTransferHours.Text) + 
Val(admTechHours.Text) 

'update the admissions screens 
advTrans ferHours.Text = admTrans ferHours.Text 

'update the grade data fields 
'Call updateHours 
'Call updatePoints 

End Sub 
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Sub admTransferHours_GotFocus () 

•Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTransf erHours Tag Sc 
Chr$(32) 

End Sub 

Sub admTransferHours_KeyPress (KeyAscii As Integer) 

'when the user types in this field 
' If KeyAscii <> 0 Then 

'update the grade data 
Call admTransferHours_Change 

End If 

End Sub 

Sub admTransferPoints_Change () 

'update the admissions screens 
' advTransferPoints.Text = admTransferPoints.Text 

'update the grade data fields 
' Call updatePoints 
' Call updateHours 

End Sub 

Sub admTransferPoints_C lick (Button As Integer) 

'show PLSS dialog if no student record is active 
Call cantChange 

End Sub 

Sub admTransferPoints_GotFocus () 

'Write the Markov * for this control to the holder variable. 
' the tag property of each control holds its Markov* 
MarkovField.Text = MarkovField.Text Sc admTrans ferPoints .Tag Sc 
Chr$(32) 

End Sub 

Sub admTransferPoints_KeyDown (KeyCode As Integer, Shift As Integer) 

•when the user hits the enter key in this field 
' If KeyAscii = 13 Then 

•update the grade data 
' Call admTransferPoints_Change 

End If 

End Sub 

Sub admVocational_Click (Value As Integer) 

'write certlevel to a hidden field and into database 
admCertif icationLevel. Text = "Ag. Sc Vocational" 

admVocational.Value = 1 

'complete "rule-based" admission 
If admTotalGPA.Text >= 2.5 And admTotalHours.Text >= 6 0 Then 
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