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This paper describes a case study methodology that combines a real-time longitudinal
(three-year) study with nine retrospective case studies about the same phenomenon. These
two kinds of case studies offer opportunities for complementary and synergistic data gather-
ing and analysis. That is, speeific strengths in each method compensate for some particular
weakness in the other, For instance, the retrospective studies offer the opportunity to identify
patterns indicative of dyramic processes and the longitudinal study provides a close-up view
of those patterns as they evolve over time. The combination of the two types of case studies
also enhances three kinds of validity: construct, internal and external. The author also
discusses problems with and shortcomings of this dual methodology and suggests the
circumstances for which the methodology is especially appropriate.
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1. Introduction

This paper reports on a case study methodology used to investigate the process of
transferring new technologies from their developers into the hands of their users. The
methodology, a combination of a longitudinal case study of a single site and a
retrospective analysis of case studies, has significant advantages, including some that
are synergistic, over either component methodology.

The research methodology is the focus here, rather than the research topic
(technology transfer). Therefore the substantive issues motivating the study in which
the methodology was used are presented only very briefly before the paper moves to a
description of the field methods used and of both the expected and serendipitous
synergies obtained through the particular blend of methods. The third section of the
paper presents some principal weaknesses and failings in the methodology and
concludes with suggestions about issues and rescarch contexts best suited to this
methodology. The methodology draws on or is related to the work of numerous other
researchers who have discussed both the hazards and the richness of qualitative
data-gathering methods (e.g., Miles and Huberman 1984, Van Maanen 1988), who
have developed systematic, rigorous approaches to developing theory through com-
parative case study (Yin 1984, Eisenhardt 1989), or who have demonstrated the value
of similar approaches by their own field-based case research (e.g., Bower 1970,
Pettigrew 1979, Bourgeois and Eisenhardt 1988).

The particular phenomenon studied here is the internal development and deploy-
ment of equipment, processes and software tools intended to increase the productiv-
ity of employees as they produce goods or services for their corporate employers. The
research topic of new technology implementation is conceptually linked to a large
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body of literature about organizational innovativeness. However, much of this litera-
ture has focused on those characteristics of the organization as a whole that covary
with innovative behavior—for example, the degree of decentralization, complexity or
formalization (Kimb_erly and Evanisko 1981, Moch and Morse 1977, Burns and
Stalker 1961). In contrast, one objective of the research described here was to evolve
theory about the nature of the innovation process itself, reflecting the complex
interaction of individual and group motivation and behavior with technical problem-
solving. Empirical work supporting the development of theory about the process of
innovation is relatively scarce outside of the engineering literature. (A similar
observation was made by Van de Ven 1986.) A secondary objective was to produce
some managerial insights into those factors aiding and impeding the transfer of the
new technology from its inventors/developers to its users within an organization,
These two objectives—one theoretical and one oriented towards practice—necessi-
tated a methodology capable of capturing dynamic processes. Moreover, the process
description had to be at a level of detail that could provide understanding of
individual, work group, and organizational behavior, over time.

2, Methodology

A. Major Methodological Choices

Three major methodological choices were made to accomplish these two objectives:
1) to use process-focused case studies; 2) to include enough such studies (nine) that
the potential generalizability of the emerging theory would be beyond that offered by
a single implementation situation, as suggested by Yin (1984); and 3) to complement
the retrospective cases with the simultaneous conduct of one longitudinal (three-year),
real-time field case study. The novelty and benefits of the methodology described
below lie in the synergistic interaction of these last two decisions, and therefore the
discussion focuses mostly on them.

1. Case Study Methodology. The phenomenon being researched always dictates to
some extent the terms of its own dissection and cxploration. Since this study focused
on a “how” and “why” question about a contemporary set of events (Yin 1984, p. 13),
and, as noted above, addressed a process not yet thoroughly researched, a case study
was the logical methodology, A case study is a history of a past or current phe-
nomenon, drawn from multiple sources of evidence. It can include data from direct
observation and systematic interviewing as well as from public and private archives.
In fact, any fact relevant to the stream of events describing the phenomenon is a
potential datum in a case study, since context is important (Franz and Robey 1984,
Stone 1978).

Rather than seeking degrees of freedom from a large standardized data set, the
case study tests “theory with degrees of freedom coming from the multiple implica-
tions of [the] theory. The process is a kind of pattern-matching” (Campbell 1975,
p. 182). In the research on technology development and implementation discussed
here, no single perspective, however numerous the observations from that one
vantage point, would reveal the entire pattern. In order to understand all the
interacting factors (for example, the criticality of the technology to the business,
alteration of the technology during implementation or the actions of champions on
behalf of the new technology), it was necessary that the research methodology slice
vertically through the organization, obtaining data from multiple levels and perspec-
tives. Therefore a case study approach was appropriate and was used. However, the
methodology of the study was not limited to a single case.




250 i DOROTHY LEONARD-BARTON

2. Multiple Cases. A single case study is subject to limits in generalizability and
several potential biases, such as misjudging the representativeness of a single event
(Tversky and Kahneman 1986), exaggerating the salience of a datum because of its
ready availability, or biasing estimates because of unconscious anchoring (sce
Jaikumar and Bohn 1986). Multiple cases augment external validity and help guard
against observer biases. Yin argues that the logic underlying a multiple-case study
approach is similar to that gniding multiple experiments and that each case should be
selected so that it “either (a) predicts similar results (a literal replication), or {b)
produces contrary results but for predictable reasons (a theoretical replication)” (Yin
1984, pp. 48-49). Since the objective of the research was to produce theory relevant
to numerous different managerial situations and capable of explaining success or
failure, a methodology including both literal and theoretical replication was required.
As described below in some detail, nine retrospective case studies of internal
technology transfer were conducted to fulfill this requirement.

3. Longitudinal Study. The most significant limitation of wholly retrospective re-
search is the difficulty of determining cause and effect from reconstructed events.
Moreover, although studies have shown that the participants in organizational pro-
cesses do not forget key events in these processes as readily as one might suppose
(Huber 1985), the participant-informant in a wholly retrospective study may not have
recognized an event as important when it occurred and thus may not recall it
afterwards. Therefore, whereas mulitiple retrospective studies increase the external
validity of a research design, a longitudinal, real-time study can increase internal
validity by enabling one to track cause and effect. For this reason, simultancously with
the nine retrospective studies, I conducted one in-depth, three-year study of the
development and deployment of a technology. See Table 1 for a timeline and
description of the data sources used in the 10 cases,

B. Study Context and Structure

1. Retrospective Cases: Context and Structure. As Table 1 shows, the first retrospec-
tive case study (Structured System Analysis, or SSA) included extensive data-gather-
ing efforts in 1983-1984. First, a highly structured interview guide was developed in a
pilot study of 25 computer programmers and then that guide was applied in 145
personal interviews with the computer programmers who constituted the population
targeted as users of the SSA software and techniques. The data from these interviews
at three different organizational sites provided a comprehensive view of users’
opinions about SSA (e.g., strengths and weaknesses of the technology, influences on
users’ adoption decisions) at one point in time. However, the 145 interviews added
only bulk, not depth, to the research database. That is, the information gathered in
the full scale study was largely redundant with the insights I had already obtained in
the 23 pilot interviews. True, I gathered enough additional degrees of freedom from
the large-scale survey of 145 interviews to test those initial insights with statistical
modeling techniques (Leonard-Barton 1987a). However, all the data (both pilot and
full-scale survey) emanated from one perspective: the users’, I had to return to the
organization for mostly unstructured interviews with the SSA developers and with
other managers in order to understand the whole story from multiple perspectives,
Therefore, in the next eight retrospective studies, conducted 1984-1986, I inter-
viewed fewer respondents but drew them from populations representing multiple
perspectives. These unstructured interviews were supplemented with a short (two-
page) questionnaire filled out by two technology developers and at least two represen-
tative users at each of the eight study sites.
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Description of Methods Used: Timeline and Data Sources

TABLE 1
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Primary Data Sources

Interviews: Secondary
Date Method Technology Population Structured Unstructured Data Sources
1983-  First of multiple, SSA (used by Programmers (pilof) N =25 Archival
1984 retrospective programmers) Programmers {three N = 145
cases site, full-scale)
SSA developers N=12 ‘N=35
Upper-level managers N=3
1984 Eight more COPPER Users of technology N =2tcd4d N=2t022 Archival
1986 multiple CAD Bevelopers of
retrospective  Smartwave technology N=2 N=2108
cases Solagen Upper-level managers N=1to4
XCON
Polymer
Process
Circulator
Diagnostic
1984  Single-site, XSEL {(used Sales representatives N = 20 Archival
in-depth, by sales {pilot) Personal
longitudinal force) Sales representatives N = 98 observation
(national sample, Attendance
first survey) at meetings
User design group N=16 Informal
members conversations
System managers N=7 N=8
Developers N=5t08
Gther managers N=>5t010
1985 XSEL Sales representatives N = 95 Archival
(national sample, Personal
second survey) observation
Trainees beforeand N =23 Attendance
after training at meetings
Developers N=5tc8 Informal
Other managers N=35t10 conversations
1986 XSEL Sales representatives N = 96 Archival
(national sample, Personal
third survey) observation
Developers N=12 N=35t08  Attendance
Sales unit managers N =46 at meetings
QOther managers N=3to6 Informal

conversations

The eight retrospective case situations were selected so as to deliberately vary the

context of the technology transfer and the nature of the technology, for greater
generalizability, Including the SSA site, the nine cases were drawn from six different
corporations and the technologies studied ranged from chemical processes to new
materials (see Table 2). However, “literal replication” in multiple sites requires that
the phenomenon being studied be defined by some characteristics common to all the
research situations (Yin 1984). In each corporation, a representative from the
technology development organization drew up a preliminary list of technologies that
had been transferred into operations, with varying degrees of success. The eight
technologies that I finally selected, after consultation with the company representa-
tive, matched the initial SSA site in meeting the following requirements: they were
developed internaily, for internal use, within the last five years. These three selection




TABLE 2

Description of 10 Cases of Technology Transfer of an Innovation

Technology

Degree of Success

L

Polymer Process: A chemical reaction producing a new

polymer that is used in the production of toner for copier

machines. Developed in corporate research laboratories
of “Alpha’ Corporation on the East Coast and frans-
ferred into manufacturing operations in the Midwest,

. XCON (eXpert CONfigurer: An expert system that
checks the configuration of complex computer systems
before they are ordered from manufacturing, to ensure
that all needed components are included in the design
and that they are compatible, i.e., that the system can be
manufactured, Originated at Carnegie Mellon University,
transferred into Al systems group within manufacturing at
Digital Equipment Corp, and then into manufacturing
operations to be used by 14-7 technical editors.

. Rolling Mill Diagnostic: A mathematical computer pro-
gram designed to detect the source of irregularitics
occurring in the rolling of aluminum sheeting. Originated
in Alcan Research Laboratories and transferred into
rolling mills at Oswego, New York.

. Computer-Aided Design: A computer-aided design tool
intended for use by engineers who are designing circuit
packs. CAD generates a schematic (drawing) representa-
tion of the circuitry that then pgoes to drafting for
fire-tuning and on to manufactusing site to guide the
preduction of prototype circuit boards. Designed in
Corporation Information Systems group of “Shield Elec-
tronics” and diffused nationwide.

. XSEL: An expert system designed for use by sales
representatives in a computer company that sells complex
customized systems, XSEL checks the sales reps’ configu-
rations for accuracy and completeness before the order is
submitted. Designed in Al systems group (located in
manufacturing) and transferred to over 2,000 sales repre-
sentatives nationwide. .

. Structured Systems Analysis: A structured methodology
for constructing software, used by systems analysts in their
first attempts to “scope out” the business their system is
to serve, Accompanied by computerized aids that help
generate the diagrams and standardized notations used to
communicate the analysis (thus akin to word processing).
Develeped in Corporate Information Systems group of
“Cairn” Corporation, transferred throughout the corpara-
tion worldwide to hundreds of design groups and thou-
sands of system analysts.

. Copper Process: The substitution of copper for silver in
the production of hybrid circuit beards. Originated in
northern research laboratories; transferred to southeen
manufacturing site.

. Smartwave: An expert system (2 type of artificial intelfi-
gence that mimics human judgment and can represent
heuristics) designed to diagnose defects occurring during
the process of passing circuit boards over a molten wave
of solder to connect tead wires on the backs of boards.
Developed in manufacturing Al systems group, trans-
ferred to one manufacturing site,

. Solagen: A chemical reaction designed to speed up and
better control the deterioration of animal bones and hides
into gelatin. The original process took six weeks and
invalved decomposition in a fime pit. Solagen takes 48
hours. Implemented on a pilot plant basis at Kodak Park
in Rochesier, New York.

. Jumping Ring Circulater: An electromechanical pump

designed to stir recycled aluminum scrap into a molten

metal bath. Designed in corporate Research Laboratories,
manufactured outside, implemented on an experimental
basis in rolling mills.

High success. In full use in plant as
scheduled.

High success. In use by all 16 technical
editors for 98% of orders.

High success. In regular use by plani
engineers.

Moderately high success. Used in 70% of
intended cases after 18 months in field.
{Use is strongly mandated.)

Moderate success. Use by 509 of in-
tended users 18 months after full scale
introduction to field. (Use not man-
dated, with some exceptions.}

Moderate success. Adoption by an aver-
age of 60% of the intended users 36
months after full-scale introduction to
field. (Use is weakly mandated.}

Failure at first. Eventual forced imple-
mentation after months of difficulty.
Full potential never reached.

Faflure in original form. Revived in dif-
ferent form after the study ended,

Total failure. After pilot plant, with-
drawn from active status.

Tatal failure. Withdrawn from operations
after months of experimentation.
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TABLE 3 ‘
Comparison of the Two Methodologies
Research Activities Methodology
1. Data-Gathering Single-Site Multiple-Site
In-depth, Longitudinal Retrospective

a, Efficiency

b. Objectivity

Low; danger of data overioad;
much unusable data

Danger of too deep involvement,
developing unconscious biases

Relatively high; focused data-
gathering

Danger of unconsciously accepting
respondent bias

¢. Pattern Microscopic examination of de- Recognition of overall patterns in

recognition tails of process process
2. Establishing

Validity

a, External Low generalizability Relatively high generalizability;
Validity variety of situations

b. Internal Relatively high; good opportunity Lower; potential confusion about
Validity to establish cause and effect cause and effect

¢. Construct Opporttunity to test sensitivity of Opportunity to validate stability of
Validity construct measures to passape construct across situations
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of time

criteria enabled me to limit numerous potential influences originating outside the
firm (such as the effects of external vendors, of external market competition and
demand, or of historically different industry conditions) as possible sources of
variance in project outcomes,

In addition, all nine cases were matched on three dimensions that controlled for
irrelevant sources of variance originating within the firm. First, the technologies
selected had all passed some baseline tests of technical feasibility, This provision
eliminated from study any cases in which the failure to transfer to users occurred
simply because the technology was technically infeasible. Second, all the technologies
selected altered the work environment in -some obvious (albeit not necessarily
important) way. This selection criterion eliminated cases in which transfer success
could potentially be imputed to users’ unawareness of any innovation, i.e., that
anything had been changed. For instance, a software compiler project was rejected
because the technology transformed the internal workings of a computer, but without
any noticeable alteration to the interface visible fo users. Third, the transfer stages
included in the study were consistently defined across projects. All projects focused
on the time from the first establishment of technical feasibility until the user
organization used the technology in full production mode, or in two cases of failure,
until the project was cancelled. This definition set bounds on the transfer situation,
confining it to a series of transactions between developers and the eatliest users, thus
providing additional control over undesired variation among cases.

While the majority of the cases were literal replications of the first SSA study
circumstances, several were selected for the purposes of “theoretical replication,”
that is, so as to explore conditions under which technology transfer failed. In selecting
the total ten cases, the original intent was to match five complete failures with five
highly successful cases, and informants from the corporations were asked to make
these judgments during the initial selection process. However, making such absolute
distinctions between success and failure proved to be highly problematic for most of
the cases. Of the ten, two were complete failures, two were initial failures (eventually
revived), three were moderately successful and three were highly successful. (Mea-
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ing and analysis. That is, specific strengths in each method compensate for some particular
weakness in the other, For instance, the retrospective studies offer the opportunity to identify
patterns indicative of dynamic processes and the longitudinal study provides a close-up view
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1. Introduction

This paper reports on a case study methodology used to investigate the process of
transferring new technologies from their developers into the hands of their users, The
methodology, a combination of a longitudinal case study of a single site and a
retrospective analysis of case studies, has significant advantages, including some that
are synergistic, over either component methadology.

The research methodology is the focus here, rather than the research topic
(technology transfer). Therefore the substantive issues motivating the study in which
the methodology was used are presented only very briefly before the paper moves to a
description of the field methods used and of both the expected and serendipitous
synergies obtained through the particular blend of methods. The third section of the
paper presents some principal weaknesses and failings in the methodology and
concludes with suggestions about issues and research contexts best suited to this
methodology. The methodology draws on or is related to the work of numerous other
researchers who have discussed both the hazards and the richness of qualitative
data-gathering methods (e.g., Miles and Huberman 1984, Van Maanen 1988), who
have developed systematic, rigorous approaches to developing theory through com-
parative case study (Yin 1984, Eisenhardt 1989), or who have demonstrated the value
of similar approaches by their own field-based case research (e.g., Bower 1970,
Pettigrew 1979, Bourgeois and Eisenhardt 1988),

The particular phenomenon studied here is the internal development and deploy-
ment of equipment, processes and software tools intended to increase the productiv-
ity of employees as they produce goods or services for their corporate employers. The
research topic of new technology implementation is conceptually linked to a large
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body of literature about organizational innovativeness. However, much of this litera-
ture has focused on those characteristics of the organization as a whole that covary
with innovative behavior—for example, the degree of decentralization, complexity or
formalization (Kimberly and Evanisko 1981, Moch and Morse 1977, Burns and
Stalker 1961). In contrast, one objective of the research described here was to evolve
theory about the nature of the innovation process itself, reflecting the complex
interaction of individual and group motivation and behavior with technical problemt-
solving. Empirical work supporting the development of theory about the process of
innovation is relatively scarce outside of the engineering literature. (A similar
observation was made by Van de Ven 1986.) A secondary objective was to produce
some managerial insights into those factors aiding and impeding the transfer of the
new technology from its inventors/developers to its users within an organization.
These two objectives—one theoretical and one oriented towards practice—necessi-
tated a methodology capable of capturing dynamic processes. Moreover, the process
description had to be at a level of detail that could provide understanding of
individual, work group, and organizational behavior, over time.

2, Methodology

A. Major Methodological Choices

Three major methodological choices were made to accomplish these two objectives:
1) to use process-focused case studies; 2) to include enough such studies (nine) that
the potential generalizability of the emerging theory would be beyond that offered by
a single implementation situation, as suggested by Yin (1984); and 3) to complement
the retrospective cases with the simultancous conduct of one longitudinal (three-year),
real-time field case study. The novelty and benefits of the methodology described
below lie in the synergistic interaction of these last two decisions, and therefore the
discussion focuses mostly on them.

1. Case Study Methodology. The phenomenon being researched always dictates to
some extent the terms of its own dissection and exploration. Since this study focused
on a “how” and “why” question about a contemporary set of events (Yin 1984, p. 13),
and, as noted above, addressed a process not yet thoroughly researched, a case study
was the logical methodology. A case study is a history of a past or current phe-
nomenon, drawn from multiple sources of evidence. It can include data from direct
observation and systematic interviewing as well as from public and private archives.
In fact, any fact relevant to the stream of events describing the phenomenon is a
potential datum in a case study, since context is important (Franz and Robey 1984,
Stone 1978).

Rather than seeking degrees of freedom from a large standardized data set, the
case study tests “theory with degrees of freedom coming from the multiple implica-
tions of [the] theory. The process is a kind of pattern-matching” (Campbell 1975,
p. 182). In the research on technology development and implementation discussed
here, no single perspective, however numerous the observations from that one
vantage point, would reveal the entire pattern. In order to understand all the
interacting factors (for example, the criticality of the technology to the business,
alteration of the technology during implementation or the actions of champions on
behalf of the new technology), it was necessary that the research methodology slice
vertically through the organization, obtaining data from multiple levels and perspec-
tives, Therefore a case study approach was appropriate and was used. However, the
methodology of the study was not limited to a single case.
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2. Multiple Cases. A single case study is subject to limits in generalizability and
several potential biases, such as misjudging the representativeness of a single event
(Tversky and Kahneman 1986), exaggerating the salience of a datum because of its
ready availability, or biasing estimates because of unconscious anchoring (see
Jaikumar and Bohn 1986), Multiple cases augment external validity and help guard
against observer biases. Yin argues that the logic underlying a multiple-case study
approach is similar to that guiding multiple experiments and that each case should be
selected so that it “either (a) predicts similar results (a literal replication), or (b}
produces contrary results but for predictable reasons (a theoretical replication)” (Yin
1984, pp. 48-49). Since the objective of the research was to produce theory relevant
to numerous different managerial situations and capable of explaining success or
failure, a methodology including both literal and theoretical replication was required.
As described below in some detail, nine retrospective case studies of internal
technology transfer were conducted to fulfill this requirement.

3. Longitudinal Study. The most significant limitation of wholly retrospective re-
search is the difficulty of determining cause and effect from reconstructed events.
Moreover, ajthough studies have shown that the participants in organizational pro-
cesses do not forget key events in these processes as readily as one might suppose
(Huber 1985), the participant-informant in a wholly retrospective study may not have
recogiized an event as important when it occurred and thus may not recall it
afterwards. Therefore, whereas multiple retrospective studies increase the external
validity of a research design, a longitudinal, real-time study can increase internal
validity by enabling one to track cause and effect. For this reason, simultaneously with
the nine retrospective studies, I conducted one in-depth, three-year study of the
development and deployment of a technology. See Table 1 for a timeline and
description of the data sources used in the 10 cases.

B. Study Context and Structure

1. Retrospective Cases: Context and Structure. As Table 1 shows, the first retrospec-
tive case study (Structured System Analysis, or SSA) included extensive data-gather-
ing efforts in 1983-1984. First, a highly structured interview guide was developed in a
pilot study of 25 computer programmers and then that guide was applied in 145
personal interviews with the computer programmers who constituted the population
targeted as users of the SSA software and techniques. The data from these interviews
at three different organizational sites provided a comprehensive view of users’
opinions about SSA (e.g., strengths and weaknesses of the technology, influences on
users’ adoption decisions) at one point in time. However, the 145 interviews added
only bulk, not depth, to the rescarch database, That is, the information gathered in
the full scale study was largely redundant with the insights I had already obtained in
the 25 pilot interviews. True, I gathered enough additional degrees of freedom from
the large-scale survey of 145 interviews to test those initial insights with statistical
modeling techniques (Leonard-Barton 1987a). However, all the data (both pilot and
full-scale survey) emanated from one perspective: the users’. 1 had to return to the
organization for mostly unstructured interviews with the SSA developers and with
other managers in order to understand the whole story from multiple perspectives,
Therefore, in the next eight retrospective studies, conducted 1984-1986, 1 inter-
viewed fewer respondents but drew them from populations representing multiple
perspectives. These unstructured interviews were supplemented with a short (two-
page) questionnaire filled out by two technology developers and at least two represen-
tative users at each of the eight study sites.
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Description of Methods Used: Timeline and Data Sources
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Primary Data Sources

Interviews: Secondary
Date Method Technology Population Structured Unstructured Data Sources
1983~  First of multiple, SSA (used by Programmers (pilot) N =25 Archival
1984  retrospective programmers) Programmers (three N = 145
cases site, full-scale)
SSA developers N=12 ‘N=35
Upper-level managers N=3
1984-  Eight more COPPER Users of technology N =2t04 N=21022 Archival
1986  multiple CAD Developers of
retrospective  Smartwave technology N=12 N=2t8
cases Solagen Upper-level managers N=1to4d
XCON
Polymer
Process
Circulator
Diagnostic
1984  Single-site, XSEL (used Sales representatives N = 20 Archival
in-depth, by sales (pilot) Personal
longitudinal force) Sales representatives N = 98 observation
(national sample, Attendance
first survey) at meetings
User design group N=16 Informal
members conversations
System managers N=1 N =
Developers N=35t8
Other managers N =5to 10
1985 XSEL Sales representatives N = 95 Archival
(national sample, Personal
second survey) observation
Trainees before and N =23 Attendance
after training at meetings
Developers N=5t8 Informal
Other managers N=35tl0 conversations
1986 XSEL Sales representatives N = 96 Archival
(national sample, Personal
third survey) ohservation
Developers N=2 N=35tc8  Attendance
Sales unit managers N = 46 at meelings
Other managers N=3tw6 Iaformal

conversations

The ecight retrospective case situations were selected so as to deliberately vary the

context of the technology transfer and the nature of the technology, for greater
generalizability. Including the SSA site, the nine cases were drawn from six different
corporations and the technologies studied ranged from chemical processes to new
materials (see Table 2). However, “literal replication” in multiple sites requires that
the phenomenon being studied be defined by some characteristics common to all the
research situations (Yin 1984). In each corporation, a representative from the
technology development organization drew up a preliminary list of technologies that
had been transferred into operations, with varying degrees of success. The eight
technologies that I finally selected, after consultation with the company representa-
tive, matched the initial SSA site in meeting the following requirements: they were
developed internally, for internal use, within the last five years, These three selection




TABLE2

Description of 10 Cases of Technology Transfer of an Innovation

Technology

Degree of Success

L,

Polymer Process: A chemical reaction producing a new

polymer that is used in the production of toner for copier

machines. Developed in corporate research laboratories
of “Alpha” Corporation on the Bast Coast and trans-
ferred into manufacturing operations in the Midwest.

. XCON (eXpert CONfigurerk: An expert system that
checks the configuration of complex computer systems
before they are ordered from manufacturing, to ensure
that all needed components are included in the design
and that they are compatible, i.e., that the system can be
manufactured, Originated at Carnegie Mellon University,
transferred into Al systems group within manufacturing at
Digital Equipment Corp. and then into manufacturing
aperations to be used by 14-7 technical editors.

. Rolling Mill Diagnostic: A mathematical computer pro-
gram designed to detect the source of irregularities
occurring in the rolling of aluminum sheeting. Originated
in Alcan Research Laboratories and transferred into
rolling mills at Oswepo, New York,

. Computer-Aided Design: A computer-aided design tool
intended for use by engineers who are designing circuit
packs. CAD generates a schematic (drawing) representa-
tion of the circuitrty that then goes to drafting for
fine-tuning and on to manufacturing site to guide the
production of prototype circuit boards. Designed in
Corporation Information Systems group of “Shield Elec-
tronics” and diffused nationwide.

. XSEL: An expert system designed for use by sales
representatives in a computer company that sells complex
customized systems, XSEL checks the sales reps’ configu-
rations for accuracy and completeness before the order is
submitted, Designed in AT systems group {located in
manufacturing) and transferred to over 2,000 sales repre-
sentatives nationwide.

. Structured Systems Analysis: A structured methedology

for consiructing software, used by systems analysts in their
first attempts to “scope out” the business their system is
to serve. Accompanied by computerized aids that help
generate the diagrams and standardized notations used to
communicate the analysis (thus akin to word processing).
Peveloped in Corporate Information Systems group of
“*Cairn" Corporation, transferred throughout the corpara-
tion worldwide to hundreds of design groups and thou-
sands of system analysts.

. Copper Process: The substitution of copper for silver in

the production of hybrid circuit boards. Criginated in
northern research laboratories; transferred 1o southern
manufacturing site.

. Smartwave: An expert system (a type of artificial intelli-

gence that mimics human judgment and can represent
heuristics} designed to diagnose defects vccurring during
the process of passing circuit boards over a molten wave
of solder to connect lead wires on the backs of boards,
Developed in manufacturing Al systems group, trans-
ferred to one manufacturing site.

. Solagen: A chemical reaction designed to speed up and

better control the deterioration of animal bones and hides
into gelatin, The original process took six weeks and
involved decomposition in a lime pit. Solagen takes 48
hours. Implemented on a pilot plant basis at Kodak Park
in Rochester, New York.

. Jumping Ring Circulator: An electromechanical pump
designed to stir recycled aluminum scrap inte a molten
metal bath, Designed in corporate Research Laboratories,
manufactured outside, implemented on an experimental
basis in rolling mills.

High success. Tn full use in plant as
scheduied.

High success. In use by all 16 technical
editors for 98% of orders,

High success. Tn regular use by plant
engineers,

Moderately high success. Used in 70% of
intended cases after [8 months in field.
{Use is strongly mandated.)

Moderate success. Use by 509 of in-
tended vsers 18 months after full scale
introduction to field, (Use not man-
dated, with some exceptions.}

Moderate success. Adoption by an aver-
age of 60% of the intended users 36
months after full-scale introduction to
field. (Use is weakly mandated.)

Failure at first. Eventual forced imple-
mentation after months of difficulty.
Full potential never reached.

Faiture in original form, Revived in dif-
ferent form after the study ended,

Total failure. After pilot plant, with-
drawn from active status,

Total failure. Withdrawn from operations
after months of experimentation.
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TABLE 3

Comparison of the Two Me!hodologiés

Research Activities

Methodology

1. Data-Gathering

a. Efficiency

b. Objectivity ‘

Single-Site
In-depth, Longitudinal

Multiple-Site
Retrospective

Low; danger of data overload;
much unusable data

Danger of too deep involvement,
developing unconscious biases

Relatively high; focused data-
gathering

Danger of unconsciously accepting
respondent bias

¢. Pattern Microscopic examination of de- Recognition of overall patterns in

recognition tails of process pracess
2. Establishing

Validity

a. External Low generalizability Relatively high generalizability;
Validity variety of situations

b. Internal Relatively high; good opportunity Lower; potential confusion about
Validity to establish cause and effect cause and effect

c. Construct Opportunity to test sensitivity of Opportunity to validate stability of
Validity construct measures to passage construct across situations
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of time

criteria enabled me to limit numerous potential influences originating outside the
firm (such as the effects of external vendors, of external market competition and
demand, or of historically different industry condltlons) as possible sources of
variance in project outcomes,

In addition, all nine cases were matched-on three dimensions that controlled for
irrelevant sources of variance originating within the firm, First, the technologies
selected had all passed some baseline tests of technical feasibility. This provision
eliminated from study any cases in which the failure to transfer to users occurred
simply because the technology was technically infeasible. Second, all the technologies
selected altered the work environment in -some obvious (albeit not necessarily
important) way. This selection criterion eliminated cases in which transfer success
could potentially be imputed to users’ unawareness of any innovation, i.e., that
anything had been changed. For-instance, a software compiler project was rejected
because the technology transformed the internal workings of a computer, but without
any noticeable alteration to the interface visible to users. Third, the transfer stages
included in the study were consistently defined across projects. All projects focused
on the time from the first establishment of technical feasibility until the user
organization used the technology in full production mode, or in two cases of failure,
until the project was cancelled. This definition set bounds on the transfer situation,
confining it to a series of transactions between developers and the earliest users, thus
providing additional control over undesired variation among cases.

While the majority of the cases were literal replications of the first SSA study
circumstances, several were selected for the purposes of *theoretical replication,”
that is, so as to explore conditions under which technology transfer failed. In selecting
the total ten cases, the original intent was to match five complete failures with five
highly successful cases, and informants from the corporations were asked to make
these judgments during the initial selection process. However, making such absolute
distinctions between success and failure proved to be highly problematic for most of
the cases. Of the ten, two were complete failures, two were initial failures (eventually
revived), three were moderately successful and three were highly successful. (Mea-
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sures of success included informants' opinions during the unstructured interviews,
their responses to scaled questions on the questionnaire, and archival data.)

As I had discovered in my first case study (SSA, conducted in 1983-1984),
retrospective studies often leave one hungry for the details that enrich understanding
of process. Informants were occasionally quite vague about the timing of events and
therefore when archival data were not available, it was difficult to be certain of the
direction of influence, i.e., which was cause and which effect. Moreover, sometimes
informants were reluctant to talk about “political” issues, believing it unwise to
dredge up old problems. Yet understanding the resolution of those issues was often
critical to the theory-building process. Recognizing these disadvantages to recon-
structing events after the fact led me to conduct the longitudinal, real-time, in-depth
study simultaneously with the final eight retrospective studies,

2, Longitudinal Study. Context and Structure. The purest form of a longitudinal
field study, namely dally participant observation, was not feasible. I could visit the
research site only once or twice a week. Therefore most of the data was obtained
through retrospective reports gathered shortly after events occurred. However, a
longitudinal study involving a series of multiple interviews about recent events offered
the obvious benefit of proximity in time to current events, and thereby increased the
likelihood that I could determine the sequence and nature of events accurately.
Moreover, there were many opportunities to collect data through personal observa-
tion at meetings and training sessions.

The context of the longitudinal research was the development and deployment of
XSEL, an “expert system” (a type of artificial intelligence software), intended to help
sales representatives at Digital Equipment Corporation configure (select components
for and design) the very large semicustomized computer systems sold by Digital.
Accuracy in this complex task is very important, for small omissions (e.g., omitting a
connector cable) or incorrect assumptions about the compatibility of parts (e.g,,
communication hardware used to link computers) can render a computer system
impossible to manufacture in the form ordered by the sales representative. (See
Leonard-Barton 1987b for a detailed account.) Therefore XSEL could potentially
save Digital much time, effort and money by helping the sales representative config-
urc the system corrcctly at the time he /she placed the customer’s order.

During the three-year period .in which I followed the XSEL development and
implementation (1984-1986), I gathered data with both highly structured and un-
structured methods. The formal, highly structured efforts included: 1) three annual
surveys (two telephone, one mail) of a representative national sample of about 100
sales representatives, with almost all of the questions replicated from year to year;
2) questionnaires filled out by members of the “User Design Group” (sales represen-
tatives who met every few months with software developers to review and guide the
progress of the software); 3) a telephone survey of 46 Sales Unit Managers (the
immediate supervisors of the representatives who were to use XSEL); 4) archival
data; and 5) structured interview sessions with the developers to analyze the number
and kinds of technical changes or additions being made to the software. (See Table
1)

Unstructured data collection included notes taken during User Design Group
meetings and meetings of the XSEL program office with various other groups
important to implementation. For example, I traveled to a national meeting of the
“Systems Managers,” i.e., seven computer operators, each of whom was in charge of
the machine dedicated in each sales region to the running of XSEL. Data were also
obtained in unstructured interviews with very early XSEL users across the country
and with people around the company whose work would be affected by the advent of
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XSEL. These informants included people in the information systems office tradition-
ally responsible for supporting software, and three of the seven regional sales
managers whose opinions influenced use or rejection of XSEL by the sales represen-
tatives reporting to them. In addition, I held many informal meetings with the XSEL
program office personnel and with their (sole) counterpart in the sales organization,
Altogether these sources produced a plethora of data, which were paradoxically both
the strength and the weakness of the in-depth longitudinal study. As discussed later
in greater detail, the method promoted a rich, full understanding of the context and
the process from the perspective of someone who has lived through events. However,
it was clear even at the beginning of the study that such abundant data could also
smother me, obscuring the very process pattcrns I wished to discern.

Two sets of advantagcs are obtained from combining the longitudinal real-time
study with the replicated historical cases: 1) specific strengths in the data-gathering
process for each method that compensated for some particular lack or weakness in
the other, and 2) complementary approaches in each method that, because of the
synergy obtained by combining the two, enhanced three kinds of validity: external,
construct and internal. '

Because “all research methods are seriously flawed-——though each is flawed differ-
ent]y” (McGrath, Martin and Kulka 1982, p. 15), the challenge to the researcher is to

“choose—and often to devise—a set of measures,., that together, transcend one
another’s methodological vulnerabilities” (McGrath 1982 p. 99). In data-gathering,
the real-time study and the replicated retrospective cases methodologies have com-
pensatory strengths in 1) cfﬁcmncy and 2) objectivity. '

_L.Data- Gathenng R

a. Efficiency. The more that the in-depth, real-time Iongltudmal study approx1~
mates a true ethnographic, participant-observation methodology, the mwore the
researcher sacrifices efficiency for richness of data. In such studies, delegating
data-gathering leads to unacceptable losses in the investigator’s grasp of important
details. Further, in order to observe critical events, one must often spend an
inordinate amount of time on noncritical ones and in building relationships with the
people involved. (See also Van Maanen 1988 on this point.) Therefore the ethno-
graphic study is deep rather than quick.

The three-year study described here did not achieve the depth of ethnographic
immersion described by Van Maanen (1988) or undertaken by Barley (1986). How-
ever, the study did involve spending whole days and evenings at the site, because the
phenomenon of interest, namely the development and implementation of new tech-
nology, could not be totaily tracked through any particular set of meetings or known
events. For instance, although the XSEL program office held mectings with a User
Design Group of representatives from the sales force, these irregularly held meetings
could not provide insight into all the dynamics of interest. Not only were many other
types of meetings and sessions important, but many critical events occurred outside of
formal situations.

Much useful data emerged from informal conversations at funch, in hallways, and
during breaks in formal meetings. For example, such conversations with a senior sales
representative and {on a separate occasion) with a system manager, both of whom
had extensive computer science training, revealed the depth of the shift in develop-
ment methodology and architecture that the artificial intelligence approach to com-
puter software represented for people trained traditionally. To a programmer accus-
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tomed to the precise, sequentially ordered logic of COBOL or FORTRAN, the
rile-based system created in XSEL appeared undisciplined; chaotic—in short, like
poorly written software code rather than differently constructed code. Understanding
this viewpoint led me to include questions in the three annual national surveys
identifying a subpopulation of sales representatives hostile to XSEL because of what
I termed their “signature skill,” i.e., their close emotional and cognitive ties to
traditional programming approaches. The two or three individuals who had initially
alerted me to that reaction to expert systems became over the period of the study
advocates of XSEL-—thereby demonstrating that their original aversion was not
necessarily permanent, Their aftitudinal shift, which I followed informally, was
mirrored over the three years in the annual national surveys. (That is, the subpopula-
tion of sales representatives identified in the 1984 national sample as having program-
ming as a signature skill changed from hostile to at least neutral attitudes towards
XSEL by the 1986 survey.) Although following this kind of research thread in the
longitudinal research was very important fo the overall study, it was extremely
time-consuming to attend so many meetings, go out to lunch together with the
program office managers many days, or-arrange to be available on the late Friday
afternoons when the managers were able to take the time to sit back and reflect on
the week’s problems and progress.

In contrast, the replicated, multiple-site cases were relatively efficient. Most of the
data for the retrospective studies were gathered in two almost simultaneous phases.
First, I held unstructured interviews with developers of the technology and with the
internal corporate users of the innovation, and tapped archival sources, This process
generally took two very concentrated days on site plus some follow-up telephone
calls. Interviews at the first several retrospective studies were much less efliciently
conducted than those at the last, for (as noted below), findings and observations from
the longitudinal study often suggested issues that had been inadequately covered in
the initial interviews in the retrospective studies. Consequently, some of the follow-up
telephone interviews were quite substantial. All of these interviews were tape-
recorded, unless the informants objected to that practice. They were promised
anonymity, in that nothing they said was attributed to them personally (verbally or in
writing) to anyone else Within or outside their organization, untif and unless they gave
me permission to quote them. No one had access to the tapes besides one research
assistant and me.

In the second phase of the research, I mailed out the two-page questionnaire,
responses to which provided standard outcome measures for all ten cases, When I
teceived these back, T compared the opinions of the technology developers with those
of the technology users, and telephoned for further discussion and clarification those
few informants whose evaluations of outcome in a particular project were widely
discrepant from each other's. Next I mailed back to one previously designated
representative at each field site the draft narrative of the project events as we had
reconstructed them, for review, This historical document usually underwent several
iterations with informants providing additional details for the document, correcting
inaccuracies in it and sometimes (unfortunately) altering their earlier statements even
though all the quotations had already been individually released for inclusion in the
document, This process of obtaining agreement that the story had been accurately
(and completely) presented was the most time-consuming part of the studies.

b. Objectivity. In a real-time longitudinal study, the researcher is in danger of
losing objectivity—of becoming too involved with the organization, the people and
the process. Students of innovation are notoriously prone to a “pro-innovation bias”
(Rogers 1983), and that likelihood is increased by proximity to the managerial
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struggle to launch the innovation. One may be perceived as, and may in fact become,
an advocate rather than an observer. In retrospective studies, it is easier to maintain
both in appearance and in fact an appropriately open mind about the desirability of
the innovation. _

The retrospective studies could not counter any specific pro-XSEL biases I had
developed over the years of association with the expert system, However, the
retrospective cases at least alerted me to the possibility of a general pro-innovative
bias, because in several of the replicated studies, opposition to the innovation was
very well founded and articulately presented. I could not possibly dismiss it as merely
a simplistic “not-invented-here” reaction, In assessing the anti-innovation stances in
the multiple cases, I was continually prompted to re-examine my own attitudes
towards XSEL. In short, the retrospective cases helped keep me “honest.”

On the other hand, in the retrospective studies, the danger is not so much that one
may surrender to ones own biases as that one may unconsciously accept those of the
informant, The innovation is seen through the lenses of the informants chosen, and
the researcher may take the story as told, without questioning interpretations. In such
research, the interviewer does not have as much access to corroborating or refuting
details as one does in an in-depth longitudinal study. Thus the researcher using
retrospective reports to investigate historical events has to work harder to be a critical
audience, aware of everyone’s vulnerability to subjective perceptions (Sears and
Freedman 1974).

The XSEL study provided some striking examples of political expediency which
came to my attention only because of my deep involvement with the project, and that
alerted me to the potential for similar events in the retrospective studies. For
instance, I attended a dinner meeting one evening at which a manager spoke to the
XSEL User Design Group. 1 took copious notes, writing down verbatim some
quotations about actions this individual said he had taken in support of the innova-
tion. These public statements turned out to differ greatly both from the reports of
others and from written memos he had previously issued.

Experience with such seif-serving revisionism led me to be cautious in the retro-
spective studies about accepting self-report as the only source of evidence about any
incident or personal stance vis-2-vis the new technology. This caution was especially
necessary in investigating mutual adaptation (i.e., the degree to which the technology
was adapted to the organization during the development and implementation process
and the degree to which the organization was adapted to fit the requirements of the
technology; see Leonard-Barton 1988a). Participants differed in their perceptions of
both the extent of adaptation and in their attribution of responsibility for those
changes. Forewarned by my experiences with XSEL, I focused as much as possible on
certifiable technical and organizational changes, e.g., the midproject capital invest-
ment in a new dryer for a polymer process, indicating an initial oversight in
equipment needs or additions to a job performance checklist used to evaluate a buyer
in the Purchasing Department. Such lists of documented changes helped guard
against revisionist history.

c. Pattern Recognition. The replicated studies and the in-depth tracking of XSEL
focused on the same issues. However, the difference in perspective was akin to that
on a computer when one first views the pattern from some distance and then zooms
in, enlarging some segment or line until the individual pixels are visible, This variance
in depth of vision allowed me to identify some pattern or process of interest from the
macro perspective of the retrospective studies and then, in effect, examine it in the
XSEL study with a microscope either to dissect it further into component parts or to
understand the forces that drove it. :
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For instance, somewhat related experimental findings in marketing (Anderson
1973, Oliver 1977) combined with empirical observations from the replicated cases
suggested that inflated expectations about an innovation led, soon after initial trials,
to discouragement and dislike of the new technology when the person trying it for the
first time discovers how far short of his/her expectations it falls. The XSEL study
allowed the opportunity to examine that drop at some depth, to identify those
subgroups in the sales force most vuinerable to such initial disillusionment, and to
understand through structured interviews why the drop occurred and how and why an
innovation could recover. As noted earlier, members of one subgroup in the sales
representative population, skilled software programmers, were initially critical and
then changed their minds about XSEL; another group, skilled configurers, became
increasingly critical over time. This detailed understanding of the user reactions
enhanced the insights that I had obtained from the research in the replicated cases.
However, keeping the macro perspective in mind was also valuable for the XSEL
study. Recognition of the common patterns in innovation implementation led me to
anticipate a bottoming-out of the negative reactions when the XSEL project was
going through that initial drop in acceptance levels, because evidence from the other
cases suggested that the downward trend could be reversed among at least some
users, and indeed that is what occurred. User evaluations surveyed in 1986 were
higher than they had been in 1985.

Similarly, although informants in the replicated cases often identified innovation
“assassins,” it was not clear from those retrospective accounts exactly how such an
individual had destroyed or delayed an innovation by strategic inaction as well as by
deliberate anti-innovation action. A close-up view of an innovation assassin at work in
the XSEL case provided real insight into some of the ways an individual can biock
progress in the innovation simply by delaying action, while still professing support for
it. Understanding those dynamics in turn inspired me to question informants in the
replicated cases about critical individuals’ Jack of action as well as about their overt
actions.

2. Establishing Validity

a. External Validity. Multiple case studies on a given topic clearly have more
external validity, i.e., generalizability, than does a single case. For instance, the
mutual adaptation of technology and organization that occurred within the XSEL
project could have been driven by the nontraditional software development processes
employed in constructing expert systems or by the unusual management decision to
employ a User Design Group very early in the development project. If so, then many
of my observations about XSEL would have little applicability to other technology
development and implementation situations, By expanding the sample of cases to
include hardware, chemical processes, and other software projects conducted in
several different companies, I was able to offset somewhat the XSEL study’s lack of
external validity.

b. Construct Validity. Because a construct is an abstraction, its definition consists in
part of “sets of propositions about (its) relationship to other variables—other
constructs or directly observable behavior” (Selltiz, Wrightsman and Cock 1976,
p. 173). Therefore one validates a construct by observing whether predictions made
on the basis of those propositions about its relationship to other variables are
confirmed when tested. Multiple sources of evidence, if they yield similar results, are
evidence of a construct’s convergent validity. If the construct as measured can be
differentiated from other constructs, it also possesses discriminant validity (Campbell
and Fiske 1959). The dual rescarch methodology described here provides better
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opportunity for construct validation than either design would alone, as the following
example illustrates.

One construct that was of some importance to the theory under development in
this study was the “communicability” of a technology, defined as “the degree to
which a technology’s operating principles (know-how) and underlying scientific princi-
ples (know-why) can be communicated to people other than its developers”
(Leonard-Barton 1988b, p. 7). Multiple measures of this construct were possible,
ranging from what are often considered “objective” measures (e.g., level of user
documentation and availability of training) to more “subjective” measures (e.g., the
ease of use, relative to the perceived skill level of the users), Informant responses to
numerically scaled questions about communicability in the XSEL annual surveys and
to less structured questions in the retrospective studies were consistent in their
relationship to such other variables as evaluation of the technology by users and the
relationships proved to be in the expected direction. Moreover, the construct was
defined to be conceptually quite distinct from the related concept of preparedness:
“the extent to which technology has shown proof of technical feasibility in a
laboratory or in an operational setting” (Leonard-Barton 1988b, p. 7). However, as
again indicated by responses in both the annual XSEL surveys and the retrospective
case studies, both communicability and preparedness contributed to the users’ per-
ceptions of how ready the technology was for transfer. The two studies thus provided
corroborating evidence of both convergent and divergent validity for the construct.

However, the special value of doing both kinds of study was the opportunity to
recognize how sensitive were measures of the construct to the point in time at which
they were administered. Communicability varied across time and relative to different
groups of users. In fact, the construct had validity only if its measurement was
associated with a given, consistently specified point in the transfer process—and for a
particular group of technology receivers, The XSEL study illuminated these points,
because it was possible to measure communicability at a number of different points
during the implementation process. This opportunity for measurement at multiple
stages in turn led to the need to select one defined point that could be identified in
all cases and thus compared consistently across them. The point selected (the very
first use of the technology in a routine production task) could be identified with a
satisfactory degree of precision and marked the implementation stage of greatest
theoretical interest. Thus, the longitudinal study aided in precise definition, and the
retrospective studies demonstrated the consistency of the predicted patterns of
relationship between the construct and other variables.

c. Internal Validity: Cause and Effect. One of the greatest advantages of the dual
methodologies derived from the ability to move back and forth between the two,
formulating theory in one setting and then immediately placing the embryonic ideas
in the context of the other kind of study for potential disconfirmation. This cutting
and pasting of ideas was particularly useful in establishing internal validity, for the
combination of the two types of case studies provided better evidence for hypotheses
about causal relationships between variables than either could have alone.

For example, in the first several retrospective studies, a direct casual link was made
verbally by respondents between the innovation’s level of transferability (prepared-
ness and communicability) and the transfer effort’s problems or outright failure. That
is, informants in the organizations that were to use the new technologies told me that
the technologies failed because they were released by the developers too soon, before
they were proved technically (although one of the case selection criteria had been
some proof of technical feasibility in the laboratory) and before-adequate documenta-
tion and training were available. This cause and effect relationship seemed reason-
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able and in keeping with marketing and diffusion literature,

However, in the XSEL case study, I saw that although the technology measured
quite low on transferability, changes were being made on both the software system
and in the sales organization where it was to be used, and these changes were moving
the project out of the doldrums and, in some sites, towards success. Was this an
anomaly? Or was there in fact an intervening variable between the independent
variable of transferability and the dependent variable of success or failure? Judging
from the XSEL case, initial lack of transferability was not a direct determinant of
success or failure. Rather, the degree of adaptability in the technology and /or in the
receiving organization intervened, and the relationship was best described by a
mediated model (see Venkatraman 1989 and Leonard-Barton 1988a, b). In short, the
observed effect of success or failure was directly caused by the degree of mutual
technical and organizational adaptation undertaken during the project—in reaction
to the initial conditions of the technology.

Once I had made this hypothesis, I then returned to the multiple sites in which I
was conducting interviews and probed more deeply into the superficial cause and
effect relationships that had been suggested to me. I found that in the more troubled
projects, the developers had refused to adapt their innovation to the user environ-
ment and/or the users had refused to adapt their organization in any way. In
contrast, the success stories included technologies that were initially of very low
transferability but mutual adaptation of technology and organization had occurred.

This causal relationship is unlikely to have been so apparent to me from retrospec-
tive studies alone, because in the minds of some of the respondents, the direction of
causality was confused. After a project became very difficult, respondents tended to
reflect that the technology had never been “ready to transfer.” Similarly, after a
project was acknowledged to be a success, respondents apparently underestimated or
even totally forgot the accommodations that had been made in order for the transfer
to succeed. Yet when 1 ferreted out the changes in technology and /or organization
that had been made (or in the less successful cases, evidence of inability or unwilling-
ness to change), and fed the story of sequential events back to the respondents, they
confirmed the causal relationship—sometimes acknowledging that their initial expla-
nations to me had been “oversimplified.” Of considerable interest was the tendency
to take the changes for granted when they were made and to have never considered
such adaptations when they were not. Without the longitudinal study, I might never
have seen the intervening variable, Without the retrospective studies, I could not
have confirmed the pattern.

3, Problems with the Methodology

No methodology is perfect. Some of the shortcomings of the one promulgated here
are inherent in the methodology and others are attributable to inadequate opera-
tionalization. I turn now to discussing a few of the most important problems
encountered.

A. Problems Inherent in the Design

The inherent limitations of qualitative case studies, such as the vulnerability of the
data to subjective interpretation and the difficulties of compiling in one’s head
evidence about relationships among variables are well known and need not be
claborated here, Miles and Huberman (1984) provide a useful guide to overcoming
some of these problems. The time-consuming nature of ethnographic studies and
hence the labor intensity of the longitudinal portion of the dual design is self-evident.
Finally, because a number of the potential biases inherent in both the longitudinal
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and the retrospective cases have been explored above, 1 need: not explore them
further here. Rather, I will discuss two problems more particularly associated with
the dual methodology, i.e., coordinating the different data collection approaches and
dealing with the volume of data generated by the combined approaches.

1. Coordinating Data Collection. Among limitations inherent in the dual methodol-
ogy described here, perhaps the most important is the difficulty of managing the data
collection. Because many of the opportunities for synergy between the retrospective
and the in-depth studies arise from the recognition of patterns or different perspec-
tives on the same phenomenon, the research has to be very tightly coordinated. Case
facts are open to interpretation. Therefore it is best to have at least two researchers,
who can challenge each other's observations, Moreover, conducting an adequate
number of multiple-cases at geographically dispersed sites to complement the simul-
taneous in-depth study is physically demanding, if not impossible, for one person.

However, confining all the mental analyses to one mind would be a more efficient ...

way to obtain the synergy between studies. During the three years of these studies, I
had the continuous assistance of one researcher, albeit that position was held
successively by. two different people. I found it difficult to transfer completely to that
research assistant the emerging intuitions I was gaining from my greater involvement
in the XSEL study. Such intuitions were important guides in identifying issues to be
probed in the much more superficial and brief interviewing situations in the multiple
cases. At each of the multiple case sites, although I conducted at least the first day of
interviewing, the assistant was charged with responsibility for some follow-up and
some of the narrative write-up and review. This data-gathering process sometimes left
to the assistant the delicate task of probing for important politically sensitive events
and critical personal relationships. Because of their relatively superficial exposure to
the in-depth XSEL case, the assistants were less well prepared to make the mental
contrasts and comparisons with the longitudinal data that generated important
insights and questions to ask.

2. Volume of Data. A second, very important shortcoming of this design is the
overwhelming volume of data generated—a hazard of all qualitative research, as
Miles and Huberman (1984) point out. Although, as noted below, more disciplined
data-gathering would have helped, it is difficult to identify critical data in a real-time
longitudinal study, while one is in the midst of the research. Consequently, my files
are full of notes, presentations made part-way through the research and question-
naire responses to several small-scale surveys that for various reasons have not yet
been fully analyzed, much less rendered in publishable form. A certain amount of this
thrashing about is probably inherent in any real-time, in-depth study and in fact in
any case study. However, the interplay between the retrospective and the real-time
studies fostered an exploratory attitude because of the pattern-matching opportuni-
ties mentioned above. Many of the smali-scale surveys undertzken represented
short-lived forays to investigate some particular issue that surfaced in the retrospec-
tive studies but could only be investigated in depth in real time (e.g., the impact of
intentionally varied training approaches on users’ expectations about the technology).

B. Shortcomings Attributable to Operationalization

The problems noted above may be inescapable attributes of the dual methodology
described in this paper and may be only ameliorated at best by foreknowledge. The
difficulties described below are traceable to minor perhaps suboptimal choices made
throughout the research about where and how to focus efforts, A dlfferent researcher
might not have encountered them.
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1. Structuring the Data Collection. As noted above, the XSEL study generated a
vast amount of data—but not necessarily a comparable amount of information. I
made many attempts to impose some discipline and structure on the data-gathering
process: questionnaires administered to trainees before and after using XSEL for the
first time; to members of the User Design Group, and to the systems managers
controlling the computers on which XSEL ran. The compilation of these small data
sets, which was often inspired by frustration with the relatively superficial perspective
provided by the retrospective studies, did generate deeper understanding of the
innovation implementation process. However, with hindsight 1 do not believe the’
insights they provided were worth the time and effort expended on their careful
design and execution. The numbers of people interviewed were really too small
(10-30) for hypothesis-testing. These data sets were subsequently overshadowed by
the two much larger surveys (the three annual nationwide surveys of the sales
representatives and the 1986 telephone survey of Sales Unit Managers)—data-collec-
tion efforts that produced publishable quantitative data. Therefore much of the effort
spent in carefully structuring these small sample surveys had low payoff. Unstructured
interviews could probably have yielded information of comparable worth.

In contrast, the process of moving back and forth between the longitudinal and the
retrospective cases in building theory, as described earlier, might have been more
valuable had the approach been more structured. For instance, in subsequent
comparative cases {conducted 1987-1989, after the research reported here), I was
much more careful about interviewing people in exactly comparable organizational
positions or roles than I was in the research described herein.

2. Deciding on the Unit of Observation. A large problem in the XSEL study was my
indecision over what should be the unit of observation. Were the comments of
individual users in the User Design Group meetings relevant, or should 1 instead
track only the major outcomes of those meetings as critical events or decisions? (See
Levinson 1985, for examples of this latter approach.) The indecision was in large part
responsible for the accumulation of data at a level of detail that later proved to be
UNNECEssary.

In the retrospective cases, time had sifted much data for me, in that informants
focused on events and decisions they regarded as significant. It was important in the
in-depth study, therefore, to select a level of observation that had some meaningful
parallels in the retrospective studies. Some detailed individual observations could be
aggregated to identify trends, a decision, or an event, but individual comments by
people with only ephemeral roles it the innovation process were often useless, and,
unless they had a significant effect (which a few did), could not be paralleled in the
retrospective studies. In most cases, the event or decision-point about which the
comment was made was the appropriate unit of observation. It might have been
useful, therefore, to conduct a few more of the retrospective studies as references,
before beginning the longitudinal XSEL study. The cost of such a strategy would have
been to lengthen the total period of research.

3. Rationale for Choice of Cases. Another operational shortcoming was that my
selection of complementary retrospective cases was driven almost entirely by a desire
for more generalizability, within the constraints described earlier, so as to control for
certain variables. Yin (1984) advocates selecting each additional case in a research
program to address some very specific aspect of theory inadequately addressed in the
previous cases. This approach suggests a much more painstaking sequential selection
process than the one I followed, and would be especiaily appropriate if the re-
searcher’s theory is more fully developed at the outset than mine was,
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4, Conclusion

Under what circumstances might the rescarch methodology described above be
useful? There are at least three factors to consider: the research topic; researchers’
skills and preferences; and the availability of research sites. The methodology
described here is suited for exploratory and hypothesis-generation rather than
hypothesis-testing. Whereas that statement is generally true of case studies, it is
particularly relevant for this dual methodology, because one of its principal strengths
is the synergy obtained from observing phenomena through both the wide-angle lens
of the multiple-site study and the close-up lens of the longitudinal. There are, of
course, opportunities for hypothesis-testing embedded within the studies, but the
overall design is most compatible to theory-building. It also seems particularly suited
to studying process because of the opportunities for exploring dynamics both as
historical patterns in the retrospective studies and as evolving patterns in the
real-time study. '

Because researchers have differing skills, it behooves us to consider the match
between researchers and methodology. In recent years the research case study has
gained both rigor and respectability. Noted experimental researcher Donald
Campbell may have precipitated the trend by recanting his previous “dogmatic
disparagement” (Campbell 1975, p. 191). However, recognition that case studies can
be rigorous has not necessarily led to a concomitant realization of the skills needed to
successfully interview and then analyze case data. The necessary interviewing skills
might be compared with those of an investigative reporter. One needs to keep
previous interviewee responses in mind while simultaneously probing with the current
informant; one needs to be very aware of the significance of what is left unsaid as well
as what is said, and so on. Analysis of the data requires a high tolerance for initial
ambiguity, as one iterates toward clarity. Finally, these methods require sustained
effort over long periods of time; therefore one must really enjoy fieldwork.

Certain field conditions must prevail for success. The longitudinal study requires
the up-front commitment of an organization for extended cooperation. Yet the study
sponsor can leave the organization, initial findings may threaten powerful individuals,
or the company’s fortunes may suffer such a blow that outsiders are no longer
welcome. One longitudinal site alone therefore would be rather risky for a doctoral
thesis; the combined methodology advocated here lessens that risk somewhat, but one
would still be well advised to plan for research output as the study proceeds—not just
at the end.

Moreover, this methodology can require that the researcher spend almost as much
time and effort on setting organizational expectations and on fostering and maintain-
ing his/her relationship with the organization as on the actual data-gathering. For
instance, organizations accustomed to the quick turnaround of information available
from surveys should be forewarned that the kind of research design outlined above
does not yield immediate results. Organizations nevertheless expect some interim
reports and feedback. In a very production-oriented business environment, a re-
searcher who is a useful source of information in some way is more likely to be visible
and to be kept informed when events occur that affect the study. Therefore, some
researchers regularly send papers and other information that could be useful to the
managers who are cooperating in the study. (Of course, any information sent to
current or prospective informants can constitute an intervention; therefore one needs
to be alert to the potential for biasing future responses.) As these examples may
suggest, the labor intensity of this methodology can hardly be overstated.

Although the research methodology described herein evolved.in the field, it was
mostly designed before implementation. Its principal and innovative feature, the
simultaneous use of retrospective case studies and a real time longitudinal study, was
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a conscious choice made almost at the very outset of the research. As organizational
studies continue to move from art towards science, we need many such methodologi-
cal variants so that we can prevent our tools from dictating and limiting the nature of
our insights. Campbell, Daft and Hulin note, “Theories that are at least in part based
on experience, that take account of the ecology of organizational behavior, and that
are intended to function as heuristics seem to be in the shortest supply” (1982,
p. 146). The development of such practice-oriented theories necessitates both the
refinement of existing ficld research methodologies and development of new ones.
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Appendix A
Examples of Measures of Dependent Variable

FPartial list of questions mailed to all project developers and users. (The responses were discussed over the
telephone.)

IN THE FOLLOWING QUESTIONS, T WILL REFER TO:
PROIECT DEVELOPERS
USER ORGANIZATION

1. To what extent do you feel this project met the objectives set for it? (CIRCLE ONE NUMBER FOR
EACH CATEGORY OF OBIECTIVE)

Totally Failed Failed
to Meet Somewhat Met Surpassed

Technical

Objectives 1 2 3 4

Business

Objectives 1 2 3 4

Budget 1 2 3 4 (Came in
Under)

Time Schedule 1 . 2 3 4 (Finished
Early)

2. Overali, how would you rate the success of this project? (CIRCLE THE NUMBER THAT BEST
REFLECTS YOUR OPINION)

Total Failure Partial Success Total Success

1 2 3 4 5

3, AT THE TIME IT WAS INTRODUCED TO USERS, how far along was this technology on the scale
below? (CIRCLE ONE) ‘

Production
Still an Concept Model; Some Ready for
Unproven Feasibility Laboratory  Production “Bugs” Use in
Concept Demonstrated Prototype Prototype Remaining Production

1 2 3 4 5 6
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4, To what extent would this technology (if successfully implemented) give the company a proprictary
advantage?

Not at All Somewhat A Great Deal
1 2 3 4 5
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