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Given a choice, individuals may experiment with certain 
types of office automation and accept them wholeheart- 
edly, while others may reject them. This article develops 
models to characterize the probability of continued use 
of an office information system. It then tests these mod- 
els with usage patterns of 210 study participants of the 
IBM PROFS Professional Office System during a two- 
year period at the University of California at Berkeley. 
Two types of longevity analyses were performed, one 
using survival functions and the other using propor- 
tional hazard models. The survival function analysis 
showed that users did not try PROFS out and then im- 
mediately quit. Nevertheless, over a two-year period, 
50% stopped using the system. Subjective analysis of 
the data suggests a considerable number of these users 
moved to other systems rather than completely stop- 
ping use of any office automation software product. 
Proportional hazard models were employed to deter- 
mine how the probability of terminating use related to 
user characteristics. It was found that the longer individ- 
uals had access to the system, the lower was the dropout 
rate. No relation was found between dropout rate and 
gender, age, or years working for the university. There 
was a direct relation between the probability of discon- 
tinuance and the individual’s departmental affiliation, 
and that a participant was a faculty member. The data did 
not support conclusions about the relation between 
other job classifications and discontinuance of use. 

Introduction 

This article tests research questions about usage pat- 
terns of a commercially available integrated office au- 
tomation system. It develops mathematical models to 
characterize rates of adoption/discontinuance of the 
system and characteristics of users that influence the 
decision to adopt or discontinue use. It then tests these 
models on longitudinal data collected from 210 individ- 
uals during a two-year experimental installation of the 
IBM PROFS Professional Office System at the Univer- 
sity of California at Berkeley (UCB). 
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Conceptual Framework 

The framework for this analysis comes from commu- 
nications research, and in particular, the literature on 
how new innovations (such as office automation sys- 
tems) are adopted by individuals and organizations. 

Everett Rogers defines diffusion as “the process by 
which an innovation is communicated through certain 
channels over time among the members of a social sys- 
tem” (Rogers, 1983, p. 5). Among the issues Rogers con- 
siders important in studies of diffusion of innovation 
are the rate of adoption of an innovation and how the 
perceived attributes of an innovation affect this rate 
(Rogers, 1983, p. 11). 

There are many views of the steps taken in deciding 
to adopt an innovation. One used by Zaltman, Duncan, 
and Holbek (1973, pp. 94-100) has the following phases: 
perception of the existence of the innovation and the 
need for the innovation by the adopter, motivation to 
take action, development of an attitude about the inno- 
vation, obtaining reinforcement that the action to inno- 
vate is a good one, trial testing, formal evaluation 
rejection/adoption, and resolution of any problems 
stemming from the adoption of the innovation. Other 
schemas of the adoption process are summarized by 
Zaltman, Duncan, and Holbek (1973, p. 61). 

Differences in rates of adoption can be explained by 
a number of factors (Rogers, 1983, pp. 15-16). Those of 
a more general nature include the relative advantage of 
the innovation, compatibility, complexity, trialability, 
and observability. Relative advantage is the degree to 
which the system is perceived as better than the one it 
supersedes. Compatibility is the degree to which the 
new system is consistent with existing values, past expe- 
rience, and the needs of potential adopters. Complexity 
refers to the degree to which the new system is per- 
ceived as difficult to use, trialability is the extent to 
which the system can be tried out on an experimental 
basis before committing to it fully, and observability is 
the idea that if the use of a new technology is not ap- 
parent to others it may not be adopted as quickly as if 
its use could be observed easily, 

Features that are unique to automated systems weigh 
into the adoption process. They include computer- 
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related factors such as robustness, quality of error han- 
dling, response time, system support (Fischer, 1984, 
pp. 62-64); comprehensiveness, good interface design, 
cost, and return on investment. Specific to office auto- 
mation systems are factors such as reducing phone call 
nonclosure, reducing interuptions, assisting personal 
information management, document composition, sup- 
porting personal administrative tasks, reducing misun- 
derstandings in all media, reducing travel, reducing 
time for making written records of communications 
(Culnan & Bair, 1983). 

Integrated office automation systems provide a 
combination of functions, most of which involve com- 
munications. They include preparing, filing, editing, 
formating, distributing, and receiving documents and 
mail; scheduling of equipment and facilities; and main- 
taining users’ calendars. These communications func- 
tions have properties which influence the extent, and 
rate at which users adopt these systems into their work- 
ing environment. 

Research Questions 

A number of research questions are tested in this ar- 
ticle about the use of an integrated office automation 
system (the IBM PROFS system): 

(1) The probability that an individual will continue to 
use an integrated office automation system in an 
organization will increase over time. 

The literature contains a number of views on this 
subject. Many of the studies that Rogers has performed 
(and others using Rogers’ proposals) have concluded by 
verifying the existence of an S-shaped adoption curve. 
In the S-shaped curve, the proportion of users adopting 
the system is plotted on the y axis and time on the x 
axis. As time passes, the proportion of users adopting 
the system begins by being low, experiences a rapid 
rise, then flattens off. Examples of this pattern can be 
found in the classic studies by Coleman, Katz, and 
Menzel(l957) of diffusion of innovations within a com- 
munity of physicians, and Griliches (1957) study on how 
the planting of hybred corn spread among farmers. 

In Hamblin, Jacobsen, and Miller’s (1973, p. 94)view, 
instability of usage patterns comes from another more 
global source: Increased use of one system will come 
from decreased use of another. 

Rogers deals with the question of the number of 
people required to make a system successful in his book 
Communications Technology. He notes that a “critical 
mass of adopters of an interactive communication tech- 
nology are necessary for the utility of the new idea to 
be sufficient for an individual to adopt,” and that the 
“usefulness of a new communication system increases 
for all adopters with each additional adopter” (Rogers, 
1986, p. 120). The effect of this is that early adoption is 
slowed until a critical mass is reached. 

(2) The probability of continuing to use a system by 
an individual will increase with the length of time 
the user has had access to the system. 

All computer system users are wary of new software 
packages initial and continued use requires an expendi- 
ture of time and money. New packages will have to be 
adapted to the users own needs, and there will be a 
conversion effort between using the previous software 
package and the current one (Holt, 1968, p. 49). The 
payoff comes in being able to do things that were not 
possible before and/or gaining greater productivity. 

The IBM PROFS office automation system is almost 
completely menu, and function-key, driven.* In com- 
parison to a command-driven system it is easy to learn. 
This leads one to believe that the effort to use and 
learn to use PROFS would be small and use would be 
facilitated by such an interface. Be that as it may, Rice 
and Case (1983) found in an experiment of office sys- 
tem users at Stanford that there was no relation be- 
tween the usage level of the system and the length of 
time the users had access to it. 

(3) The probability that an individual will continue 
to use the system will be directly related to 
the job function the individual performs in the 
organization. 

The introduction of automation into an organization 
can have a major impact. One is the effect on the qual- 
ity of work. Attewell and Rule (1984, p. 1185) indicate 
that the contents of jobs can be deskilled or upgraded 
but they point out there is no clear evidence that one or 
the other outcome is happening. 

Some categories of workers will use certain features 
of an automated system more than others, just as they 
use manual systems in different proportion as their job 
responsibilities dictate. Engel (1979) shows, for ex- 
ample, that managers spend 9.8% of their time writing, 
secretaries spend 3.5% writing, while all other office 
staff (including secretaries) spend 15.6%. Likewise 
managers spend 13.1% of their time in meetings while all 
others spend 7%. In a more general scheme, Dodswell 
(1983, p. 173) reports that managers spent 60% of their 
time in interpersonal communication, while profession- 
als spent 33%, secretaries 15%, and clerical staff 12%. 
Similarly, managers spent 18% of their time in docu- 
ment creation, professionals 23%, secretaries 59%, and 
clerks 40% (Dodswell, 1983, p. 177). 

It is likely that, for example, executives will make 
less use of some functions of an office automation sys- 
tem (document preparation) and more use of others 
(electronic mail) than secretaries. The level of use by 
many other individuals depends on whether support 

*A command mode is available in PROFS which bypasses the 
main menu; this was not used by participants in the field study. 
The user’s view of the generic PROFS system is presented in the 
manual Using the Professional Office System (1984). The user’s view 
is summarized by Using PROFS at Berkeley (1984). 
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staff is available as well as the working style of the indi- 
vidual (e.g., types own memo’s, heavily uses electronic 
mail as opposed to telephone). Not only is it likely that 
the use of a particular channel will change by job classi- 
fication, but the extent of use of the channel as op- 
posed to other alternative channels will vary depending 
on the message that has to be transmitted. See, for 
example, the work by Trevino, Lengel, and Daft (1987, 
p. 565) on the choice of a particular media (face-to- 
face, telephone, electronic mail, written) for communi- 
cating information given a particular reason (e.g., 
needs quick feedback, confidentiality, express feelings, 
mutual understanding required in communication). It 
also may be possible that the diversity of user require- 
ments are simply so great that one system can not meet 
the needs of so many groups of users. (Sandelin & Sieg- 

man, p. 12, p. 17). 

(4) The probability of continued use of the system will 
be directly related to the characteristics of the de- 
partment of the organization with which the 
individual is affiliated. In particular, the more indi- 
viduals in the department who are active users of 
the system, the greater will be the use of the system. 

Kerr and Hiltz (1982, p. 60) hypothesize that a pre- 
dictor of use of a system will be the amount of pressure 
to use the system from superiors and peers and Leonard- 
Barton and Deschamps (1988) suggest that managerial 
influence makes a difference in acceptance of technol- 
ogy for certain categories of users, but this was not stud- 
ied in the present project. 

(5) The demographic characteristics of a user will de- 
termine the probability of continued use of the 
system. In particular: 

(5a) The age of the participant will be unrelated to the 
probability of continued usage. 

Rogers and Shoemaker (1971) summarized the re- 
sults of 228 studies of the adoption of all types of inno- 
vations and found that close to half of the studies found 
no relation between the age of the adopter and the 
likelihood of adoption. A number of studies that deal 
specifically with adoption of information technology 
yield similar results. For example, Schewe’s (1976) study 
of management information systems found that the age 
of the user had little effect in explaining users’ attitudes 
toward use of the systems. And Lucas’ (1975) study of 
the use of information systems came to the same con- 
clusion: there was no relation between age and amount 
of use. For computer mediated communications sys- 
tems, Steinfield (1986) found that individuals who were 
newer to the organization and who were younger 
tended to use such systems more. Kerr and Hiltz’s liter- 
ature review found that when there was a relation be- 
tween age and usage of a system, users whose age was 
greater that 50 tended to use the system least and also 
had low levels of subjective satisfaction with it (Kerr 
and Hiltz, 1982, p. 69). On a more subjective note, 

Nillesen and Goosens (1984, p. 203) suggest that 
younger individuals are more accepting of computer- 
ized information systems because of experience from 
school, home, or computer games, and a report on the 
relationship between technology and aging suggested 
that adoption of technology may be more related to mo- 
tivation than to chronological age (Technology and Ag- 
ing, 1985, p. 352). 

(5b) The gender of the participant will have no effect 
on the probability of continued usage. 

A number of studies have measured the effect of 
gender on computer attitudes of school and university 
students. Typical is that by Gilroy and Desai (1986) 
which found a higher level of anxiety among women 
than men undergraduates in the Oetting Attitudes to- 
ward Computers Scale. Few studies have dealt with the 
relation between gender and adoption of technology in 

a workplace. Schewe (1976) also studied the effect of 

gender on usage and found no relationship between the 
two variables. Kerr and Hiltz’s literature review of com- 
puter mediated communications systems reported that 
either gender was not a variable studied or there was no 
relationship between gender and user acceptance of the 
system (Kerr & Hiltz, 1982, p. 70). 

(5~) The length of time the individual has been em- 
ployed in the institution will be inversely related 
to the probability of continued usage. 

Little evidence is available on the effect of organiza- 
tional tenure on system use. Lucas (1975) reports a 
negative relation between the use of an information 
system and the length of time an individual worked in a 
particular job in an organization. And Steinfield (1986, 
p. 176) indicates that newer employees were more likely 
to use computer mediated communications system than 
older ones. 

Experimental Setting 

A major problem with conducting a study of the use 
of an office automation system is that use may not be 
voluntary and thus there may be a substantial bias in 
calculating usage rates because a “free market” for the 
demand for services does not exist. The present field 
study was conducted in the following environment: 

(1) The office automation system was not imposed on 
the study participants. Five organizational units 
on the University of California at Berkeley Cam- 
pus were chosen to participate in an experimental 
installation of the IBM PROFS system: the School 
of Business Administration (SBA), the Graduate 
School of Public Policy (SPP), the Economics 
Department (ECO), the School of Library and In- 
formation Studies (LIS), and the Chancellor’s 
Office (CHO). These departments were selected 
because they varied in size, represented both aca- 
demic and administrative functions, and were 
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(2) 

(3) 

(4) 

interested in participating. Users in these depart- 
ments were free to choose whether to participate 
and there were few negative consequences of a 
decision not to participate. 
For the most part, participants in the study had 
other choices available for their office automation 
tasks. A typical participant either had a dedicated 
workstation such as an IBM Displaywriter or a 
Personal Computer available, or access to a mini- 
computer (DEC) or mainframe (IBM) via a termi- 
nal (Televideo) to use in document preparation, or 
electronic mail. Few users had access to a system 
that provided calendaring or scheduling. Before 
using PROFS, a number of users were already 
familiar with the UNIX operating system (on the 
DEC machines), its electronic mail system, the vi 
editing program and the eqn, t61, and nroff docu- 
ment formatting programs. Other users were 
already familiar with the CMS operating system 
on the IBM mainframe and used its electronic 
mail, editor, and SCRIPT and GML formatting 
commands for document preparation.* 
The PROFS office automation system was avail- 
able without cost to the participants. All equip- 
ment, wiring, and computer resources were 
provided without cost to those willing to partici- 
pate in the field study through a joint study agree- 
ment between the IBM Corporation and the 
University of California at Berkeley. One of 
its goals was to install a prototype distributed 
office support network at Berkeley using available 
technology and existing campus facilities. The net- 
work was to support a variety of workstations and 
office devices. 
The interconnection between the participants 
work place and the office automation system could 
be used for access to PROFS as well as all the 
other computing services provided by the Univer- 
sity, thus the terminal and lines were by no means 
dedicated to access PROFS. This provided a fur- 
ther environment for “free choice.” 
To analyze the way the PROFS system was used 
at Berkeley, a special monitoring program was de- 
veloped. The program was used to sample user ac- 
tivity throughout the first 18 months of the field 
study, while during the last six months, a period 
when the system and the users had reached rela- 
tive stability and some maturity, every user action 
was recorded. Thus, by using the monitor pro- 
gram, many of the problems inherent in use stud- 
ies involving self reporting were eliminated 
(Steinfield, 1985, p. 240), and an accurate chronol- 
ogy of user actions was available for analysis.Any 
project which involves monitoring user behavior 
has a responsibility to safeguard the privacy of 
user actions and confidentiality of the messages 
generated by the users. To insure this, an early de- 
cision in the project was to not record the content 

*Detailed information on the computing expertise that the par- 
ticipants had before the study began was not collected. 

of messages or documents in the logs. The conse- 
quence of this decision was that editing activities 
were not analyzed since they are intimately related 
to document content. All users were informed that 
a research project was under way which would re- 
sult in their activities being monitored. They were 
given the option of being excluded from the field 
study if they wished, but none did. 

The Failure Time Model 

Study of the elapsed time between a first try with an 
office automation system and termination of use has 
certain structural similarities to the study of failure 
times (Kalbfleisch & Prentice, 1980). Failure time analy- 
sis has traditionally been applied to problems such as the 
time to failure for a continuously operated electronic 
component or time to expiration of laboratory animals 
injected with a known carcinogen. While superficially 
the PROFS field study is different, this project also fea- 

tures subjects, treatments, and a delayed response. 
Define as participants all persons who logged onto 

their own account at some point during the study.* For 
most users the PROFS experience began at the point 
the user was given an account and shown how to log 
onto the system. For a variety of reasons not all users 

found the system to be worthwhile as support for their 
jobs. These users quit. 

This event, quitting, is studied in the following way. 
Suppose participation longevity is measured by a con- 
tinuous variable t and let t = 0 represent the instant at 
which the first logon occurs.+ Let 7 be a (nonnegative) 
random variable representing the duration of time be- 
tween t = 0 and some user’s last PROFS activity before 
quitting the system. Define as the survivorfunction the 
probability that a participant drawn at random from the 
field study group will continue PROFS use for at least 
some amount of time, t, that is 

F(t) = P(7 2 t), 0 C t < m. 

Given the assumptions, F(0) = 1. It is a fact of life that, 
as good as PROFS may be, F(m) = 0. 

The probability density function of 7 is the negative 
of the derivative of F(t) with respect to t 

f(t) = - $9. 

*The decision to participate was considered outside the control 
of the study. In some cases this decision itself would be an appro- 
priate subject for investigation, but the data were inadequate for 
the task. 

‘For simplicity the failure time analysis exposition is carried 
out in continuous time. The application presented below is in dis- 
crete time. The analogous discrete time expressions for the formu- 
lae in the text are reported in Kalbfleisch and Prentice (1980). 
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The quit rate at any time t is revealed by the hazurd participants who were active at t for whom the t + lth 
function observation was not censored (Kaplan & Meier, 1958). 

A(t) is interpreted as the proportion of users still active 
after the passage of time in amount t who quit at that 
instant. In application, time is measured in discrete 
units, say days, and the hazard function is interpreted 
as the ratio of the number of users who terminate dur- 
ing the tth period of use to the number of users who last 
to the tth period. 

Given data on system entry and termination, it is 
possible to test the first research question that use of 
the system will increase over time by plotting the sur- 
vival and hazard functions for office system use. 

The Proportional Hazard Model 

The second through fifth research questions were 
tested using a “proportional hazards” model. The pro- 
portional hazard model is defined in the following way. 
Suppose any user may be described by a vector of IZ 
characteristics X. Let ho(t) be an arbitrary hazard func- 
tion. Given Ao, the hazard for an individual with char- 
acteristics X is specified as 

W; Xl = [hdt)lexp(--X’p) 

where /? is an IE x 1 vector of coefficients. As is appar- 
ent from the function, this model treats the indepen- 
dent variables that are included in the vector X as 
shifting the hazard for any given t. 

Given this hazard, the proportion of users still using 
PROFS at point t after initiation of system use is given 
by the survivor function 

The survival function indicates that any change in X 
such that AX’/3 > 0 will increase survival rates. Thus 
positive coefficients pi will be associated with factors 
prolonging system use. 

In practice, the application of failure time models is 
complicated by the common phenomenon of “right- 
censoring” of sample data. Right-censoring occurs 
when failure is not observed for all sample subjects 
because, for example, the experiment is ended. Correc- 
tion for bias introduced by right-censoring affects esti- 
mates of both parameters of the base line function ho 
and the coefficients p, The correction is straight- 
forward as long as truncation is exogenous, that is inde- 
pendent of actual experimental outcomes (Kalbfleisch 
& Prentice, 1980). The procedure followed is to cal- 
culate the hazard for each t on the basis of those 

Multivuriate Proportional Hazards Model 

The simple hazard/survival estimates do not allow 
for systematic differences across participants in the 
likelihood of drop-out. To test for the possibility of 
such relationships, the parameters of a multivariate 
hazard function as described above were estimated. As- 
sume that the probability density function for times be- 
tween initiation of PROFS activity and demise or last 
logon is distributed according to a Weibull function. 
Under this assumption the baseline hazard function has 
the form 

ho(t) = ayty-’ 

where cr and y are scale and shape parameters. Note 
that if y = 1 the hazard is invariant with respect to 
duration of time with the system. If y > 1, the proba- 
bility of dropping out increases with time; if y < 1, the 
probability declines with time. 

With this baseline hazard function, the proportional 
hazard function becomes 

A(t; X) = Cyyty-le-X’P 

Note that e-’ = CZ, the baseline hazard intercept. 
The corresponding survival function is 

P(t; X) = exp[ -[ yuy-ldul..‘.(fl” 

Any variable in X for which the corresponding element 
of p is positive has a negative effect on the hazard rate 
at any time t and thus a positive effect on the rate of 
survival to any time t. Given this specification and 
sample data on the observed longevity distribution, 
maximum likelihood methods may be applied to esti- 
mate the coefficients p and the parameters (Y and y. 

Characteristics of the User Group 

The methodology used to test the research questions 
in this article was to monitor the behavior of 210 indi- 
viduals for most of the life of the project and then to 
test the questions using the models and the monitoring 
data. 

In applying failure time analysis to these data, there 
were problems both in defining birth, that is, the begin- 
ning of participation, and death, that is, when the par- 
ticipant stopped using the PROFS system. The “birth” 
problem occurred because monitoring of PROFS use 
was not initiated until some 12 months after the begin- 
ning of the project. For these observations a starting 
date was imputed based on participant questionnaire 
response. The most serious consequence of this proce- 
dure is loss of data on an unknown number of early 
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quitters, that is, persons who began and quit using 
PROFS prior to the advent of the monitoring process. 
The correlation between early quitting and loss from 
the sample is likely to produce a downward bias in the 
estimates of the hazard rates for early weeks of PROFS 
use. Later observations for the sample subset known to 
start after monitoring was initiated is used to gauge the 
magnitude of this bias. 

The “death” problem was one of definition. It was 
assumed that users quit the system when they ceased 
logging onto it. But when is cessation really definite? 
All data were right-censored as of an arbitrary stopping 
date of May 18, 1985, but monitoring was continued un- 
til the end of June. Accounts were judged dead if they 
were not used from May H-June 30, 1985. This means 
that some accounts pronounced dead for purposes of 
this analysis may have revived later in the year. The 
likelihood of significant distortion from this assump- 
tion is considered to be insignificant. Table 1 summa- 
rizes the data and the extent of monitor coverage. The 
equality between the number of participants active be- 
fore monitoring was initiated and the number of 
dropouts is happenstance. 

Independent Variables 

The hazard rate for stopping to use the PROFS sys- 
tem is hypothesized to be a function of the amount of 
time the individual has been using the system 
(Question 2), the job title the individual holds in 
the organization (Question 3), the department in the 
organization within which the individual works 
(Question 4), and demographic characteristics of age, 
gender, and years of employment at the university 
(Question 5). In addition, a dummy variable was in- 
cluded to capture any residual differences between 
dropout rates for those participants for whom start 
dates predated the monitor. 

Job Classification. To describe the jobs held by 
study participants an 11-category classification scheme 
was developed. These categories are summarized in 
Table 2. Study participants were assigned to a job clas- 
sification based on reported formal job title and indi- 
vidual investigation. 

TABLE 1. Description of population used in failure time 
analysis. 

Observation Group 

Basic Participant Population 
Population with Complete Information 
Participants Active before Monitoring 

Initiated 
Participants Active after Monitoring 

Terminated (Right-Censored) 
Dropouts 

Number Percent 

223 - 

210 100 

75 36 

135 64 
75 36 

The distribution of users by department and job clas- 
sification is presented in Table 3. These data do not 
reveal the cross-section composition of employment in 
these departments. Instead, what is measured is, for ex- 
ample, the number of persons who, at some time during 
the monitoring period, held a “Program Officer” posi- 
tion in the Department of Economics and were in- 
volved in the project. Part of the variation in job 
classification reflects structural characteristics of the 
departments. There are more “executive” observations 
for the Chancellor’s Office because there were more 
PROFS users in executive positions there. But it is clear 
that differences in use patterns within each department 
could result from differences in the number of individ- 
uals in each classification. Thus it is appropriate to con- 
trol for job mix when studying use patterns. 

Demographic Characteristics. Table 4 presents data 
on user characteristics. For this comparison faculty are 
separated from staff, since faculty observations compli- 
cate comparisons between the Chancellor’s Office and 
other campus units. The results again indicate consid- 
erable interdepartment variability. Staff in the School 
of Business Administration and the Chancellor’s Office 
tend to be older, and to have spent more time working 
in the university. 

The concentration of long-time University of Cali- 
fornia at Berkeley employees in the Chancellor’s Office 
is not surprising. The university tends to fill upper level 
positions from the ranks of current employees. The 
greatest concentration of top-level administrative posi- 
tions is located in the Chancellor’s Office. As a result, 
employees in the Chancellor’s Office have a high proba- 
bility of prior experience elsewhere on campus, and this 
is what the data reveal. Again, it is important not to 
compare use patterns without adjustment for job and 
personal characteristics. 

Results 

The Survival Function 

To test whether the probability that a person will 
continue to use PROFS will increase over time, the sur- 
vival function F(t) is plotted (Fig. 1). This plot is based 
on survival rates for the sample of study participants at 
two-week intervals past their first logon to PROFS, and 
is adjusted for right-censoring? The figure shows that 
two years of use of the PROFS system will be associ- 
ated with a cumulative withdrawal of about half of all 
persons. Roughly 5% of users drop out within four 
weeks of first logon.+ Thus, the probability of leaving 

*Figure 1 is a plot of the product limit estimate of the survivor 
function first discussed by Kaplan and Meier (1958). 

‘Recall that this estimate is biased downward by loss of infor- 
mation on individuals who started and stopped using PROFS 
before monitoring began. This number is consistent with the 
results for the subset of participants who began after the monitor 
was initiated. 
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TABLE 2. Job classifications and definitions. 

Job 
Classification Definition 

Executive 

Program Officer 

Administrative Analyst 

General Analyst 

Administrative Secretary 

Faculty Secretary/ 
Administrative Assistant 

Student Affairs Secretary 

General Secretary 

Administrative Faculty 

Faculty 

Other 

Top management who are the ultimate decision makers of the unit. 
Examples include the Chancellor, Vice and Associate Chancellors, 
Deans and Provosts. 
These are functional supervisors of the units. Individual jobs 
which fall in this category include Management Services Officers 
Directors of Development, Office Managers, and Administrative 
Assistants. 
Analysts who have decision-making and/or advisory power. May 
supervise others. This category includes such job titles as Senior 
Budget Analyst, Facility Planner, and Administrative Budget 
Analyst. 
These jobs are not supervisory or managerial, rather these 
individuals assist or are directed to perform analyses and 
organizational support activities. Such job titles include Accounting 
Clerks, Payroll Clerks, Record Keepers, Budget Clerks. 
These are unit staff members whose tasks involve providing 
assistance to executive administrators (e.g., typing, records 
management, phone and copying). Job titles include 
Administrative Assistant III and Dean’s Secretary. 
These are unit staff members whose tasks involve providing services 
to faculty (e.g.,manuscript typing, phone and copying). Job titles are 
Faculty Secretary and Word Processing Specialist. Most of these 
carry official titles of Secretary II. 
These jobs consist of staff who deal with student services such as 
applications, registration, or student record keeping. Job 
descriptions include Admissions Clerks, Student Placement 
Advisors, and Under graduate Assistants. 
These are secretaries and administrative assistants who perform 
general secretarial functions such as appointment keeping, 
reception, scheduling meetings for others, typing and filing. 
These are teaching faculty in administrative positions such as 
department chair, vice-chair, and some deans. 
This category is for faculty members or teaching associates who are 
involved directly in teaching courses. 
This category was set up to contain all individuals who could not 
otherwise be categorized. Many individuals in this category are 
research assistants. 

PROFS does not vary with time. This inference appears 
statistically reliable: the calculated value of the inverse 
of the scale parameter y differs from 1 by less than 
one-fifth the standard deviation of the estimate. 

Two features of Figure 1 stand out: First, there is no 
exceptional early fall-out. In general, people did not try 
the system and immediately quit. Second, a significant 
number of persons are expected to drop out. On aver- 
age, in most academic units between 10 and 15% of 
staff can be expected to leave the unit each year for any 
number of reasons (transferring to a new unit, leaving 
the university, etc.). Thus the 50% dropout rate (over 
two years) from system use that is shown in Figure 1 
significantly exceeds what one would expect as a 
byproduct of people leaving the units as a result of nor- 
mal attrition. 

The explanation for this result could come from a 
number of sources. First, the environment of the study 
was such that users had alternate systems available 
which they perceived could help them do their job just 

as well or better than the experimental system. These 
alternatives include the UNIX operating system with 
its electronic mail, editing, and text formatting capabili- 
ties, and the IBM CMS system with its similar set of 
features. Thus the users could have decided they they 
preferred, for example, UNIX to PROFS, and that 
PROFS did not give them the functionality they had 
with UNIX alone.* Second, there was little comprehen- 
sive planning involved in the installation of the PROFS 
system, such as would be recommended by Tapscott 
(1985) or by Uhlig, Farber, and Bair (1979, Chapter 111.2). 
The nature of the joint study simply placed emphasis on 
installation and implementation, which viewed from 
many other aspects was extremely beneficial to the uni- 
versity. The effect of lack of planning might have meant 

*This study did not include an assessment of why users quit us- 
ing PROFS, only whether they quit and the point in time during 
the experimental period that they quit. 
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TABLE 3. Frequency distribution of PROFS users by job classification and organizational unit.” 

Organizational Unit 

Library and 
Job Chancellor’s Economics Information Business Public 

Classification Office Dept. Studies Administration Policy Total 

Executive 10 0 1 1 0 12 
5.62 0.00 0.56 0.56 0.00 6.74 

Program Officer 6 1 1 5 1 14 
3.37 0.56 0.56 2.81 0.56 7.87 

Administrative 14 0 1 0 0 15 
Analyst 7.87 0.00 0.56 0.00 0.00 8.43 

General Analyst 10 1 1 2 0 14 
5.62 0.56 0.56 1.12 0.00 7.87 

Administrative 12 0 1 3 2 18 
Secretary 6.74 0.00 0.56 1.69 1.12 10.11 

Faculty Secretary/ 2 5 0 11 2 20 
Admin. Asst. 1.12 2.81 0.00 6.18 1.12 11.24 

Student Affairs 0 3 1 2 2 8 
Secretary 0.00 1.69 0.56 1.12 1.12 4.49 

General Secretary 6 3 1 3 3 16 
3.37 1.69 0.56 1.69 1.69 8.99 

Administrative 1 0 0 2 0 3 
Faculty 0.56 0.00 0.00 1.12 0.00 1.69 

Faculty 0 17 8 6 10 41 
0.00 9.55 4.49 3.37 5.62 23.03 

Other 2 7 4 3 1 17 
1.12 3.93 2.25 1.69 0.56 9.55 

Total 63 37 19 38 21 178 
35.39 20.79 10.67 21.35 11.80 100.00 

“Cells contain, in order: Frequency, percent. 

that the system did not meet user needs. Nevertheless, 
the classic pattern of adoption was not found and use 
declined over time. 

Multivariate Proportional Hazards Model Results 

The multivariate proportional hazards model was 
used to test the questions about dropout rate as a func- 
tion of job classification, departmental affiliation, age, 
gender, and length of employment at the university. 

The results of parameter estimates for the propor- 
tional hazard model using the field study data appear in 
Table 5. Variable definitions are given in Table 6. In the 
model, the effects of job classification, departmental af- 
filiation, gender, and age are measured relative to the 
estimated hazard rate for a female general secretary in 
the Chancellor’s Office who began participating in the 
project after monitoring was initiated. A person with 
these characteristics will be referred to as the baseline 
participant. One occupation category, “administrative 
faculty” was excluded from the analysis because none 
of the three persons in this category quit using PROFS 
between the start and the end of monitoring. Accord- 
ingly, the variable ADM-FAC has been eliminated from 
this part of the analysis, and this adjustment accounts 
for part of the reduction in sample size. 

The coefficients in Table 5 are interpreted as fol- 
lows. Consider the coefficient on the dummy variable 

for participants in the Economics Department, ECO. 
The estimated coefficient for this variable is 1.067. This 
means that at any time t after first use the PROFS quit 
rate for general secretaries in economics who were still 
active users was em1.06’ times the quit rate for the base- 
line participant Chancellor’s Office general secretaries 
who were still active. This means the economics quit 
rate was only one-third (e-‘.06’ = .34) as great. (Note 
that each variable refers to characteristics of the partici- 
pant at the time he or she began PROFS use.) 

Figure 2 plots the estimated survival function for the 
baseline participant assuming the woman is 32, has 
worked at the university for five years, and begins using 
PROFS in May of 1983. The estimated coefficients im- 
ply that for this woman the probability of survival with 
PROFS for six months is .91; for 18 months the proba- 
bility is .75. This study did not determine the reason for 
dropout, so part of this rate may be attributable to nor- 
mal job turnover. For comparison, Figure 2 plots esti- 
mated PROFS use survival rates for a secretary and a 
member of the faculty of the School of Library and In- 
formation Studies. 

Research Conclusions 

The second research question posed in this article is 
that the longer the user has access to the PROFS sys- 
tem, the greater will be the probability of continued 
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TABLE 4. User characteristics.a 

Administrative Personnel by 
Organizational Unit 

Characteristics 
Chancellor’s Economics 

Office Dept. 

Library and 
Information 

Studies 
Business Public 
Admin. Policy Total 

Faculty 
(all 

units) 

Gender 
Female 

Male 

Gender Total 

Age 
20 to 29 

30 to 39 

40 to 49 

50 to 59 

60 plus 

Not Known 

Age Total 

Years at UCB 
0 to 4 

5 to 9 

10 to 14 

15 to 19 

20 to 24 

25 to 29 

30 plus 

Not Known 

Total 

45 14 9 24. 9 101 6 
32.85 10.22 6.57 17.52 6.57 73.72 14.63 
18 6 2 8 2 36 35 
13.14 4.38 1.46 5.84 1.46 26.28 85.37 
63 20 11 32 11 137 41 
45.99 14.60 8.03 23.36 8.03 100.00 100.00 

4 3 0 2 1 
3.03 2.27 0.00 1.52 0.76 

27 14 7 9 6 
20.45 10.61 5.30 6.82 4.55 
19 3 2 10 0 
14.39 2.27 1.52 7.58 0.00 
6 0 0 9 3 
4.55 0.00 0.00 6.82 2.27 
4 0 1 2 0 
3.03 0.00 0.76 1.52 0.00 
3 0 1 0 1 

10 2 
7.58 4.88 

63 12 
47.73 29.27 
34 15 
25.76 36.58 
18 7 
13.64 17.07 
7 5 
5.30 12.20 

60’ 20 10 32 10 132 41 

45.45 15.15 7.58 24.24 7.58 
9 11 2 9 8 
6.87 8.40 1.53 6.87 6.11 

11 7 4 9 1 
8.40 5.34 3.05 6.87 0.76 

17 0 3 3 0 
12.98 0.00 2.29 2.29 0.00 
16 1 1 6 0 
12.21 0.76 0.76 4.58 0.00 

2 1 0 4 0 
1.53 0.76 0.00 3.05 0.00 
5 0 0 1 0 
3.82 0.00 0.00 0.76 0.00 
0 0 0 0 0 
0.00 0.00 0.00 0.00 0.00 
3 0 1 0 2 

100.00 100.00 
39 12 
29.77 29.27 
32 10 
24.43 24.38 
23 5 
17.56 12.20 
24 5 
18.32 12.20 
7 6 
5.34 14.63 
6 1 
4.58 2.44 
0 2 
0.00 4.88 

60 20 10 32 9 131 41 
45.80 15.27 7.63 24.43 6.87 100.00 100.00 

“Data zre divided between nonfaculty and faculty participants. For nonfaculty participants, cells contain, 
in order, frequency and percentage of all nonfaculty participants. Faculty frequency and percentages are for all 
units combined. 

use. The estimated coefficient for the variable START- propensity of late arrivers to leave the field study. 
LOG is large, negative, and statistically significant. The reason for this is not difficult to understand and is 
This implies that individuals who have used the system consistent with the results in the literature review pre- 
longest will have the lowest dropout rate. Further sented earlier: it may come from a selection phe- 
evidence for this conclusion can be observed by com- nomenon. The first PROFS accounts in Business 
paring Figures 1 and 2. Figure 2 gives the estimated Administration, the Chancellor’s Office, and, to a 
two-year survival rate for the baseline Chancellor’s Of- lesser extent, the other units, were assigned to a core of 
fice secretary as 68%. All other rates are higher. The users who were expected to have some use for the sys- 
estimated survival rate without control for user charac- tem and who received focussed support. As the project 
teristics (Fig. 1) is lower. The undifferentiated survival progressed, two types of new users were added. One set 
estimates are apparently pulled down by the greater replaced old users as a natural result of turnover. But 
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new accounts were also assigned to persons on the mar- 
gin of the core PROFS work groups. These marginal 
users seemed to find continued system participation to 
be of much less advantage than was, on average, true of 
the core. The PROFS system was not, in other words, 
very contagious. As noted earlier, the study did not 
measure why users quit using PROFS, only that they did 
stop. In informal discussions with some participants af- 
ter they had ceased use of the PROFS system, the users 
indicated they felt the alternative systems they had 
available (UNIX, CMS) could meet their needs just as 
well as PROFS. 

With one exception, the question that continued use 
of the system will be related to job function could not 
be tested accurately. Table 5 shows that the estimated 
coefficients for job categories vary substantially, they 
are estimated imprecisely, and as a result little statisti- 
cal significance may be attached to them. The only ex- 
ception is for faculty where the quit rate is estimated to 
be e-‘.0°7 or about 2.7 times that for general secretaries. 
In this case there is a substantial difference between 
the quit rate for faculty and the baseline group. Faculty 
were also more likely to have used alternative systems 
than other study participants before being introduced 

~I~~~~“~~‘I~~~~~.~.~,.~ to PROFS, and thus in a better position to have a pref- IL 

0 100 200 300 100 500 600 700 800 

ELAPSED TIME SINCE FIRST LOGON (DAIS) erence for another system. This preference showed in 
FIG. 1. their propensity to quit. 

TABLE 5. Estimation results for proportional hazards model study partici- 
pants (n = 207).” 

Variableb 
Coefficient Standard 

Estimate Error 

Probability of Error If 
(True) Hypothesis of 
Zero Value Rejected’ 

INTERCPT 9.923 
EXECTIVE -0.236 
OFFICER 0.242 
ADM-ANL 0.196 
GEN-ANL -0.512 
FAC- SEC 0.681 
STU- SEC -0.741 
FACULTY -1.007 
OTHERJOB -0.517 
ADM - SEC 0.395 
ADM-FAC (deleted) 
EC0 1.067 
LIS 1.281 
SBA 0.610 
SPP 0.634 
MALE 0.028 
AGE -0.057 
AGE2 0.001 
UCBTIME -0.025 
UCBTIME2 0.001 
STARTLOG -1.496 
STAR1083 0.195 
SCALE 0.979 

2.151 0.000 

0.664 0.722 
0.614 0.693 
0.612 0.749 
0.565 0.365 
0.727 0.349 
0.710 0.297 
0.607 0.097 
0.618 0.402 
0.585 0.499 

0.477 
0.552 
0.407 
0.502 
0.340 
0.098 
0.001 
0.050 
0.002 
0.366 
0.439 
0.107 

0.025 
0.020 
0.134 
0.207 
0.933 
0.556 
0.553 
0.621 
0.512 
0.000 
0.657 

“Log likelihood for Weibull distribution: -206.25 
bFor variable definitions, see Table 6. 
‘Based on Chi-Square test of restriction imposed by null hypothesis. 
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TABLE 6. Definitions of variables used in multivariate analysis. 

Variable Definition 

INTERCPT 

EXECTIVE 

OFFICER 

ADM-ANL 

GEN-ANL 

FAC- SEC 

STU-SEC 

FACULTY 

OTHERJOB 

ADM - SEC 

ADM - FAC 

EC0 

LIS 

SBA 

SPP 

MALE 
AGE 
AGE2 
UCBTIME 
UCBTIME2 
STARTLOG 

STAR1083 

SCALE 
DWRITER 

Intercept: Always = 1 
Job Classification (Defined in Table 2) 

Executive 
= 1 if participant is Executive, = 0 otherwise 

Program Officer 
= 1 if participant is Program Officer, = 0 otherwise 

Administrative Analyst 
= 1 if participant is Admin. Analyst, = 0 otherwise 

General Analyst 
= 1 if participant is General Analyst, = 0 otherwise 

Faculty Secretary/Administrative Assistant 
= 1 if participant is Faculty Secretary, = 0 otherwise 

Student Affairs Secretary 
= 1 if participant is Student Secretary, = 0 otherwise 

Faculty 
= 1 if participant is Faculty, = 0 otherwise 

Other 
= 1 if participant is Other, = 0 otherwise 

Administrative Secretary 
= 1 if participant is Admin. Secretary, = 0 otherwise 

Administrative Faculty 
= 1 if participant is Admin. Faculty, = 0 otherwise 

Department 
Department of Economics 
= 1 if participant is in Economics, = 0 otherwise 

School of Library and Information Studies 
= 1 if participant is in Lib. and Inf. St., = 0 otherwise 

School of Business Administration 
= 1 if participant is in Business Admin., = 0 otherwise 

Graduate School of Public Policy 
= 1 if participant is in Public Policy, = 0 otherwise 

Demographic Characteristics 
= 1 if participant is male, = 0 otherwise 
= age in years 
= age squared 
= years as a UCB employee 
= UCBTIME squared 
= time in years between beginning of project and first 

use of PROFS 
= 1 if participant began PROFS use after initiation of 

monitoring, = 0 otherwise 
Inverse of baseline hazard shape parameter 
Displaywriter 

= 1 if participant used an IBM Displaywriter for access 
to PROFS, = 0 otherwise 

One clear result from the study is that the survival 
rates are substantially different between departments. 
The results indicate that staff were much less likely to 
drop out of using PROFS once they had started if they 
were in the Department of Economics or the School of 
Library and Information Studies than was true for the 
other units. The differences are numerically signifi- 
cant. Evaluation of the survival function using the 
parameter estimates in Table 5 indicates that the ex- 
pected PROFS use survival rate for a secretary in the 
Chancellor’s Office is .91 after six months of use-9% 
will have quit. For Library and Information Studies the 
predicted survival rate is .98: only 2% will have quit. 

The ratio between the total number of individuals 
working in the School of Library and Information Stud- 

ies and the number from the School who were partici- 
pating in the study was much greater than the same 
ratio in the Chancellor’s Office. Thus, communications 
was facilitated in Library and Information Studies be- 
cause many more individuals were part of the PROFS 
network and a critical mass was reached. 

Tests were made to ascertain whether the demo- 
graphic characteristics of gender, age, or length of time 
working at the University effected the survival rate of 
study participants (Table 5). None of the variables was 
found to be significantly related to the probability of 
discontinuing to use the system. PROFS longevity is not 
associated with demographic characteristics. The litera- 
ture review presented earlier reported mixed research 
results, with some studies finding a relation between 
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adoption and demographics and others not. A final as- 
sessment of this issue will have to await a more con- 
trolled experiment. 

Finally, to ascertain whether there was any bias in- 
troduced by imputing starting dates for PROFS users 
for whom a starting date for initiating their use of 
PROFS was missing, the dummy variable STAR1083 
was introduced into the proportional hazard model. 
STAR1083 identifies those users whose PROFS begin- 
ning dates are known with certainty. If people who be- 
gan PROFS use early in the project were systematically 
missed, those who began after monitoring was initiated 
would be expected to have a higher propensity to ter- 
minate PROFS use. But the coefficient for STAR1083 is 
small and statistically insignificant. Thus it can be con- 
cluded that there is no systematic difference between 
hazard rates for cases with imputed starting dates and 
cases for which starting dates are known with certainty. 

Conclusions 

This article has used failure time models to test re- 
search questions about the probability of continued use 
of the IBM PROFS system by 210 study participants 
during a two-year period at the University of California 
at Berkeley. The article has shown that the failure time 
models can be successfully applied to analyzing longi- 
tudinal data on the use of office automation systems. 

The field study tested five research questions related 
to the probability of an individual’s continued use of 
the PRODS system. If found that the probability of con- 
tinued use of the system declined during the study 
rather than increase as would be expected by innova- 
tion and diffusion theory. Subjectively, the reason for 
this is felt to be because most participants had knowl- 
edge and access to other systems (such as UNIX and 
CMS) that could just as easily provide the functions of 
PROFS. The study also found that the longer individu- 
als had access to the system, the lower was their 
dropout rate and that new study participants were more 
likely to drop out than longtimers. There was also a 
strong relationship between faculty members propensity 
to stop using the system but for other job classifications 
the date did not support any conclusion. The study also 
found strong relations between the individual’s depart- 
mental affiliation and dropout rate, as would be ex- 
pected from critical mass theory. No relation was found 
between gender, age, and the number of years the indi- 
vidual worked at the university and the probability of 
continued use of the system. 
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