chapter 4
Ol.ganizalmnal Memory

4.1 Introduction

What do organizations learn as they gain experience in production? Where is this
knowledge embedded within organizations? What are the consequences of where
knowledge is embedded for organizational performance? This chapter begins with
adiscussion of what is learned as groups and organizations gain experience. A more
general discussion of organizational memory and various “retention bins” or “repos-
itories” of organizational knowledge follows. Examples of knowledge embedded in
various repositories drawn from our studies of manufacturing and service industries
are provided. Empirical evidence on the extent to which organizational knowledge
is embedded in these various repositories is described. The chapter concludes with
a discussion of the implications of where knowledge is embedded for important
aspects of organizational functioning and effectiveness.

4.2 Sources of Productivity Gains

Many researchers have speculated about factors responsible for the productivity
gains observed in organizations with increasing experience. For example, Joskow
and Rozanski (1979) discussed the following factors as contributors to the produc-
tivity gains observed with increasing experience: routinization of tasks, more
efficient production control, improved equipment design, and improved routing and
material handling. Thus, these researchers emphasize changes in the task and tech-
nology as contributors to productivity gains associated with experience. Hayes and

heelwright (1984) listed a broader set of factors as facilitators of organizational
¢arning, According to Hayes and Wheelwright (1984), organizational learning
curves are due to individual learning, better selection and training, improved meth-
ods, .enhanced equipment and technology, more appropriate division of labor and
*Pecialization, improved product design, substitution of capital for labor, incentives,
and leadership. Similarly, Porter (1979) noted that with more experience, firms learn
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to make methods more productive, to design layout and workflow more efficj,
coax more production out of machinery, to develop specialized new Process
product design modifications that improve manufacturability, and to INstitute
management control. Skilton and Dooley (2002) distinguished between Ope
knowledge, held by direct production workers, and structuring knowledgc’ held by
managers. Structuring knowledge describes how to structure or organize opery,;. /
most effectively while operating knowledge describes how to perform mos; eff
tively within an established structure.

In our interviews with managers at manufacturing plants about their views of the
most important determinants of organizational learning curves, our respondeny,
emphasized the following (1) increased proficiency of individual workers: (2)
improvements in the organization’s technology, tooling, and layout; (3) iMprove.
ments in its structure, organization, and methods of coordination; (4) and hey,,
understanding of who in the organization is good at what (Argote, 1993). Thig |,
factor is similar to the concept of transactive memory, which Wegner (1986 devel.
oped to describe the knowledge of who knows what that develops between individ,,.
als in close relationships. Better understanding of each individual’s skills enableg
the organization to assign tasks more appropriately so as to take better advantage of
each individual’s unique capabilities. Knowledge of each member’s special expertise
is also beneficial because members of the organization know whom to go to for help
or advice about specific issues.

These myriad factors believed to affect learning can be classified into three
general categories: improvements in the performance of individual employees,
including direct production workers, managers, and technical support staff; improve-
ments in the organization’s structure and routines; and improvements in the organi-
zation’s technology. Examples of improvements in each of these categories will
now be discussed. These examples are drawn from our field studies of learning in
manufacturing and service organizations.
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4.2.1 Increased Individual Proficiency

Most discussions of factors responsible for organizational learning curves cite learning
by individual workers as a key factor (e.g., see Hayes & Wheelwright, 1984; Yelle,
1979). A long stream of research in psychology has documented that individual
performance improves as individuals acquire more experience with a task (Graham
& Gagne, 1940; Thorndike, 1898; Thurstone, 1919). Reviews of the large body of
research on individual learning can be found in Anzai and Simon (1979), Newell
and Rosenbloom (1981), and Mazur and Hastie (1978).

Our interest is in individuals working in organized settings. What qualifies a5
examples of improvements in individual performance that occur in ongoing groups
and organizations as individuals gain experience in production? Many examples of
individuals becoming more skilled at their particular tasks can be found in our study
of fast-food franchises. For example, pizza makers typically became more proficient
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(ossing pizza dough and transforming it into a pizza

and- : shell as i
at h ce. Much of the knowledge they acquired

about how to hand-toss pi7: ) -

C\E:;';;;l difficult to articulate to others (Nonaka, 1991; P(i)ll;):;ip;;%;l()rfl;itf ltlr: anld
'h;‘c emained primarily embedded in the individual worker; who l.lad é Owd
a,},c,-icncc with the pizza-tossing task. equire

“ we also observed improvements in the performance of individual workers in
mﬂ,m{acturing plants. Atone plgnt we stpdied, a second shift was introduced almost
) years after the planl had been in operation with one shift. Workers on the new shift
;{n-ked side by side w‘orkers on the first shift to learn their jobs. Workers on the new
shift were gradually ‘Weaped” from their experienced counterparts until the new
employees were work.n?g mdepepdently on the second shift. Through observing
workers on the first shift and gaining experience with the task, workers on the new

shift learned their individual jobs and became very proficient at them.

42.2 Modifications in Technology

Modifications in technology are another major contributor to the productivity gains
observed 1n organizations with increasing experience. By technology, we mean
equipment, including hardware and software (cf. Amber & Amber, 1962; Barley,
1986: Blau, Falbe, McKinley, & Tracy, 1976) used in production. An example of
modification in technology that derived from experience in production can be found
in the paint shop at one of the truck assembly plants we studied. The plant experi-
enced problems in its new highly automated paint shop. When light-colored prod-
ucts followed dark-colored ones, vestiges of the dark color remained on the
subsequent, light-colored product. This was clearly unacceptable. Plant managers
and engineers tried various approaches to remedy the problem. The most effective
solution that was developed involved dedicating particular paint booths to particular
dark colors. Thus, only products of the same dark color would be processed through
each booth. If any residue paint remained in the system, it would not be harmful
because all the products going through the booth were the same color. While dedi-
cating a paint booth to a particular color resulted in some loss in flexibility for the
system, the lost flexibility was more than offset by the improved product quality and
the reduced waste. This manufacturing example illustrates how knowledge acquired
via learning by doing can lead to modifications in an organization’s technology.
Knowledge was embedded in the “software” and the “hardware” of the paint shop
that enabled the organization to produce a higher quality, less costly product.

We also observed several examples of improvements in technology in our study
Of fast-food franchises (Argote & Darr, 2000). Technology in the context of these
P1zza stores includes the equipment, such as ovens, and tools used to make pizzas,
as Well as the physical layout of the stores. The “cheese spreader” is an example of
4n nnovation developed through production experience that became embedded in
the organization’s technology. Achieving an even distribution of cheese across a
Plzzais a desired goal. Too much cheese decreases profit margins, whereas too little
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cheese decreases customer satisfaction. A manager at one of the storeg We styq.
. . . I
decided that spreading cheese by hand was not the best method. The m ¢

. ~ 1 anag
believed that the problem was analogous to spreading fertilizer on a Jayp, anq ”‘]e'
some type of “spreader” was needed. The manager experimented wi vari, B

u

configurations of plastic dishes and metal screens to develop a tool that Woulq hy
pizza makers use a consistent amount of cheese and achieve an even distribum)n
the topping. The final version of the “cheese spreader” tool was a plastic cop, Wi?}f
holes that sat on feet several inches above the pizza. A pizza maker woy|g POy
grated cheese into the cone and the cheese would fall in a consistent pattern over [hr
pizza. This example illustrates—in a very different organizational context—py,
knowledge acquired via experience can be embedded in an Organizatjop,
technology.

e
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4.2.3 Elaborations in Structure and Routines

Elaborations in structure and routines made as organizations gain experience ip
production also contribute to organizational learning. One such elaboration we say
at a manufacturing plant involved changing the structure of the industrial engineering
group. A decision was made to deploy the industrial engineering group that had
previously been centralized in one area of the plant to various areas on the plant
floor so that the engineers could be more responsive to production problems, Thus,
the industrial engineers were shifted from a functional-type organization where they
were centralized in one area to a product-type organization where they were decen-
tralized to various areas on the plant floor. The decentralized organization enabled
the engineers to respond more quickly to issues on the plant floor. In this example,
knowledge about how to be more responsive was embedded in the manufacturing
plant’s structure.

Another example of knowledge embedded in routines occurred in a manufacturing
plant we studied. The particular routine involved preparing the products (trucks) for
painting: painting two-tone trucks was challenging because workers had to mask the
areas of the truck that were not to be painted a particular color by taping large sheets
of protective paper over the appropriate areas. As experience was gained with the
task, a better method for placing the protective paper was discovered. Initially,
workers masked the area of the truck that was not to be painted a particular color (0
protect those areas and then painted the rest of the truck the desired color (€.g
white). They then reversed the masking by placing protective paper over the ar_ea
that had already been painted the desired color (e.g., white) and painted the remain
der of the truck the second color (e.g., red). This process required two stages of
carefully masking the truck with protective paper. A new method of masking W3
discovered that required only one round of masking. All of the truck was painted
one background color (e.g., white). The parts of the truck that were to remain th°
background color were then masked and the truck was painted the second color
(e.g., red). The new process saved considerable time because the trucks had 1© he
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ked with protective paper only once. The new method, which required fewer
¢ hours and less material to achieve the desired two-tone
mbedded in a routine that all workers used.

mas
mlu\
pecame © : - .

We also ohscrveq knowledge embedded in an organization’s routines in our study
of tast-food 1r‘anchlses (Argote & Darr, 2()()0). When deep-dish pizza was intro-
Juced at the pizza stores, all sto‘res.exp'erlenced a persistent problem with the new

roduct. The US“?“ mcth(?d of dlsmb”“"g pepperoni on pizzas was to distribute it
evenly over the plzza before the pizza was cooked. Although this method worked
for regular pizzas, it did noF wor‘k well for deep-dish ones. When pepperoni was
distributed evenly on defi?—dmh pizzas, the pieces of pepperoni would all move into
(he center in one “glump as the pizza cooked and the cheese flowed. Various meth-
ods of dealing with the problem were implemented. The most successful one
involved distributing the pepperoni on the pizza before it was cooked in a pattern
that resembled spokes on a wheel. As the pizza was cooked, the flow of the cheese
distributed the pepperoni pieces (more or less) evenly over the pizza. Thus, knowl-
edge about how to distribute pepperoni evenly became embedded in a routine. This
routine proved to be very effective at achieving an even distribution of pepperoni.
The routine is now used by virtually every store in the corporation.

paint job, ultimately

4.3 Repositories of Organizational Knowledge

How do these examples of sources of productivity gains relate to more theoretical
discussions of organizational memory or of where knowledge is embedded in orga-
nizations? Stein (1995) defined organizational memory as the means by which
knowledge from the past is brought to bear on present organizational activities.
According to Stein (1995), “memory is a persistent record not dependent on a tight
coupling between sender and receiver” (p. 22). Similarly, Walsh and Ungson (1991)
defined organizational memory as stored information from an organization’s past
(see also Anand, Manz, & Glick, 1998) and Casey (1997) defined it as shared inter-
pretations of the past.

Where is this knowledge from the past embedded within an organization? Levitt
and March (1988) indicated that knowledge i1s embedded in an organization’s rou-
tines and standard operating procedures (SOPs), its rules (March, Schulz, &
Xuequang, 2000), in its products and processes, in its technologies and equipment,
inits layout and structures, and in its culture and norms about how things are gener-
ally done. Similarly, Walsh and Ungson (1991) conceptualized five “retention bins”
for organizational memory: individual employees, the organization’s culture, its
SOPs and practices, roles and organizational structures, and the physical structure
of the workplace. According to Starbuck (1992), in knowledge-intensive firms,
knowledge is embedded in individuals, in physical capital (including hardware and
software), in the organization’s routines, and in its culture.

Yates (1990) provided a fascinating account of the evolution of organizational
Memory from knowledge that resided primarily in individuals to knowledge that
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resided in supra-individual form. In the cznjly IX()O"“* o‘rgam/,atl()nal memq Wag

imarily embedded in individuals. According to Yates (1990), the growth of t
pl.nn.mly RHIDSL Tlaa shi : e brought about by the need to coorg; ¢
railroads changed that. The changes were ‘é ! dination could resc. din
geographically dispersed business where lapses Q' GORTCIRL : resultin ge
accidents. For these firms, timetables and QClal'Ied oPcr?tl(?na IDrocedures becam,
part of their way of doing business—part of their organizationa mef“"f)“

An claboration of organizational memory occurred on a more widespreaq basiy
with the advent of scientific management at the turn of the century (Tayllor, 1911),
One of the principles of this movement was to capture the knowledge of l.ndlvidUaIS
so that organizations would not be dependent on them or vulnerable tQ their turnoyey
Written records were elaborated; manuals were developed that des_cnbed an orgap.
zation’s rules and procedures. Reporting systems were also establlshed to transmjy
information up the hierarchy. Thus, the late ISOQS an‘d e‘arl.y ]?QOS w1tne§sed a shift
from organizational memory being embodied primarily in md‘f"d?‘a‘ls Lo 1ts embyoy;.
ment in records, rules, and procedures that did not depend on 1pd1v1duals.

Nelson and Winter (1982) focused on routines as repositories of orgapizational
knowledge (see March & Simon, 1958 and Cyert & March, 1963,.for earlier discys.
sions of organizational routines). Rerup and Feldman (201 1) articulated how roy.
tines developed from learning from experience. Gersick and Hagkman (1990
described routines at the group level of analysis. Carley (1996) provided evidence
from a simulation study that the use of routines or SOPs can enhance the accuracy
of organizational decision making. Routines have been theorized to be a source of
change (Feldman & Pentland, 2003) as well as a source of stability.

According to Nelson and Winter (1982), routines are programs or repetitive
patterns of activity. In order for organizations to function effectively in routine con-
ditions, individuals must be familiar with the procedures their jobs require and know
when particular routines are appropriate. Although each individual must know his
or her particular job, the individual does not need to know the jobs of others or the
routines that guide the organization as a whole. Indeed, the scale and complexity of
many organizations make it difficult to achieve coordination through centralized
information or control systems that describe all the routines used by the organiza-
tion and the interrelationships among them.

Theraulaz and Bonabeau (1995) described a fascinating example of the imple-
mentation of routines in a wasp colony. The researchers noted that while individual
insects possess a limited repertoire of routines, insects are collectively capable of
performing complex tasks, such as nest building. Theraulaz and Bonabeau cited an
early study by Grasse showing that coordination of nest-building activity in termites
does not depend upon interactions among the workers themselves but rather depends
upon the structure of the nest. The inputs of one worker are cued by the outputs of
another. Actions taken by one worker modify the nest configuration, which in turn
automatically triggers new actions by other workers.

This example is similar to Nelson and Winter’s discussion of routines in organi
zations in that individual members of the collectivity must know their own routinés
and the triggering conditions for them but do not need to know others’ routines. The
nest-building example is analogous to how work is structured on many assembly lines-

dte a
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Employees know their own routines. They identi
)‘hgcl‘\’ing the product—either its physical conditi
( L - . .

it Jescribing its requirements.
l o

fy which routine to implement by

on or information cues attached to

| For example, an employee might observe that the
next truck he or she 1s to work on requires an air-conditioning system—either by

observing that there already are parts of the air-conditioning system installed or by
reading a list of pleFil:lCt specifications attached to the truck. This knowledge then
cues particular activities by the employee that involve installing an air conditioner.
This example illustrates how an individual’s activities can be cued by the product
and its specification sheet. Direct interaction among individual employees might not
be reql]il'Ed.

Although these discussions of organizational memory differ concerning the exact
number of repositories of knowledge, the discussions have much in common,
Researchers generally agree that organizational knowledge resides in individuals,
including managers, technical support staff, and direct production workers; the orga-
nization’s technology, including its layout, hardware, and software: the organization’s
structure, routines, and methods of coordination: and the organization’s culture.

The framework used here to organize empirical evidence on organizational mem-
ory was presented in Argote and Ingram (2000). This conceptualization of knowl-
edge repositories draws on theoretical frameworks developed by McGrath and
colleagues (Arrow, McGrath, & Berdahl, 2000; McGrath & Argote, 2001) and used
by Argote and Miron-Spektor (2011) to develop a conceptualization of the organiza-
tional context (see Chap. 2). According to the framework, knowledge is embedded in
the basic elements of organizations (members, tasks, and tools) and the networks
formed by crossing the basic elements. The member-member network is the organi-
zation’s social network. The task-task network, which includes the organization’s
routines, specifies which tasks are performed and their interrelationships. Similarly,
the tool-tool network describes the interrelationships among tools. The task—tool
network specifies which tools perform which tasks. The member—task network is the
division of labor; it assigns members to tasks. The member—tool network specifies
the correspondence between members and tools. Finally, the member—task—tool net-
work specifies which members perform which tasks with which tools.

43.1 Knowledge Embedded in Individual Members

We turn now to reviewing empirical evidence on the extent to which knowledge
acquired through learning by doing is embedded in individual employees. As noted
previously, most discussions about factors responsible for organizational learning
curves include learning by individual employees as a key factor. Similarly, most
discussions of organizational memory cite individuals as a key repository of organi-
zational knowledge. If knowledge is embedded in individuals, then their turnover
should affect organizational memory. ]

Engestrom), Brown, Engestrom, and Koistinen (1990) described an example of
knowledge being embedded in an individual. The researchers analyzed a urology
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clinic where virtually all of the knowledge was embedded in one administratoy Few
documents existed, and other individuals who were knowlcdgcahl'c'ahout the Clinjc
had cither retired or moved to a different organization. The admlnistrator hoarded
knowledge by protecting his network of pcrsoqal contacts andﬂby solving Problems
without explaining the rationale to his subordinates. Engestrom et al. (199(), Sug.
sested that when the administrator retired, he would tak'e a'll the k'nowlcdge with
Ilim. In this example, knowledge was embedded prim'ar'lly in one individua], The
researchers argued that his departure would hurt the clinic’s performance.

Studies of the effect of turnover provide a gauge of the extent to which knoy,.
edee is embedded in individuals. What does the evidence say about the relationship
be;ween turnover and organizational learning and forgetting? David and Brache
(2011) found that turnover contributed to the organizational fgrgetting they obseryeq
in their study of ambulance companies. Further, the contribution of turnover to orga-
nizational forgetting was about twice as strong as the contribution of individyg
member skill decay.

The Argote, Epple, Rao, and Murphy (1997) study described in the previoys
chapter on organizational forgetting investigated whether the effect of turnover
depended on the performance of departing members. We collected data that con-
tained information on the reason employees left a manufacturing plant (e.g., whether
employees were discharged for poor performance, promoted for good performance,
retired, deceased, quit, “bumped” due to contractual agreements, and so on). Our
results indicated that the variable representing the number of employees who were
promoted out of the plant to participate in competitive apprenticeship programs on
the basis of their good performance was generally negatively related to the truck
plant’s productivity. This study suggests that the effect of turnover on productivity
depends on the performance level of departing employees: the departure of high-
performing employees appeared to hurt the truck plant’s productivity.

Rao and Argote (2006) examined whether the effect of turnover depended on
how organizations were structured. Past work had suggested that how an organiza-
tion was structured might moderate the effects of turnover. For example, Grusky
(1961) found that managerial succession was less disruptive in large than in small
firms. Grusky suggested that the greater use of written rules and hierarchies in the
larger companies buffered them from the potential negative effects of managerial
turnover.

To investigate whether structure affected the consequences of turnover, we simu-
lated varying degrees of structure in the laboratory and contrasted the effect of turn-
over in highly structured groups to the effect in less structured groups. The central
hypothesis was an interaction between turnover and work group structure—that
turnover would affect the performance of groups that were high in structur€ less
than that of groups low in structure, and that the performance of high- and low-
structure groups would not differ when turnover did not occur. Thus, high structur¢
was hypothesized to mitigate the effect of turnover.

The hypothesis was tested through a laboratory study in which three-perso”
groups performed five trials of a production-type task (building origami products)-
The level of turnover and the structuring of activities were varied. In the no-turnover
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adition, the same three members worked together for the five experimental
-~ ] i " DY
C s, In the turnovel condition, one member was replaced by a new member, who
e . Freimi " Ty '
had received the same training as the initial three members, at the end of each trial
al .

ow-structure condition, group members were not given any special instructions
about how 10 organ.izc thcmsc‘lves, whcregs in the high-structure condition, group
members Were required to perform speglallzed roles and follow certain routines.

Results indicated that there was a significant interaction between turnover and
clure: groups in the low-structure turnover condition performed significantly
more poorly than groups in the other threehconditions. Videotapes of the groups
Pcn‘onning the tasks were analyzed to shed light on the processes underlying group
pcﬁ'ommnce. These ana}yses suggested that a major factor contributing to the poor
erformance of groups in the low-structure turnover condition was their continual
need tO reorganize around the skills of new members. For example, the group might
organize around the idiosyncratic skills of one member who was good at a particular
se; of tasks (e.g., building crowns). When that person departed, not only was the
group deprived of his or her individual skills, the group also found that its division
of labor was obsolete since it was unlikely the new member possessed the excep-
tional skills of the old. This required a revision in the organization of work and
assignment of tasks. Groups in the low-structure turnover condition showed more
evidence of continual reorganizing than groups in any of the other conditions. The
continual need to reorganize hurt their performance.

Other factors contributing to the poor performance of groups in the low-structure
wrmover condition included the difficulty the groups had accessing knowledge and
the loss of critical knowledge when members left the group. The former occurred
typically when one group member asked a question and another group member had
to stop what he or she was doing to aid the person asking the question. This variable
was negatively correlated with performance, and its incidence was higher in the
low-structure turnover condition. Knowledge was coded as “lost” when a group
member asked a question that no other group member could answer. This occurred
only in the low-structure turnover condition. The results of this study suggest that
embedding knowledge in roles and routines is effective in mitigating the negative
effects of turnover. Groups in the high-structure condition were not as adversely
affected by turnover as groups in the low-structure condition.

The results of this laboratory study are generally consistent with simulation
results Carley (1992) obtained in her analysis of personnel turnover and organiza-
tional learning. Carley (1992) compared the effect of turnover on hierarchies and
teams. A hierarchy was modeled as a three-tier organization composed of a chief
executive officer, a set of assistant executive officers, and a set of analysts. Analysts
made recommendations to their assistant executive officer, who in turn forwarded
his or her recommendation to the chief executive officer making the final organiza-
tional decision. A team was modeled as a single-tier organization comprising ana-
lysts. Each analyst made a decision independent of the decision of the other analysts.
The final organizational decision was the decision of a majority of the analysts.
Carley (1992) found that while teams learned better and faster than hierarchies,

hierarchies were less affected by turnover than teams. Similarly, Ton and Huckman
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(2008) found that organizations that followed procedures closely were less af
by turnover than those that did not.

An individual’s position in a social network moderates the relationship betwee
turnover and organizational learning and forgetting. Whether an employee bridges
a structural hole or otherwise unconnected part of a social network (Burt, 19q ’
conditions the effect of turnover. Shaw, Duffy, Johnson, and Lockhardt (2005 foung
that the departure of employees with many redundant communication links wag less
harmful than the departure of those who occupied structural holes. '

Argote, Insko, Yovetich, and Romero (1995) analyzed whether the effect of turp.
over on group learning depended on the complexity of the task. We simulateq vary.
ing levels of task complexity in the laboratory and contrasted the effect of turnover
on groups performing complex versus simple tasks over several time periods. Ope
theoretical argument would predict that turnover would have a more negative effec
on complex than on simple tasks. Complex tasks require more distinct acts or skijs
(Wood, 1986). Thus, groups performing complex tasks that experience turnover
would be even more disadvantaged than those performing simple tasks because the
gap between the skills necessary to perform the task and those possessed by new
members is greater for complex than for simple tasks. This line of reasoning leads
one to predict that turnover would have a more negative effect for complex than for
simple tasks.

Another theoretical argument, however, would predict that turnover would have
a less negative effect on the performance of complex than of simple tasks. Several
studies have found a positive effect of turnover on group or organizational perfor-
mance (Choi & Thompson, 2005; Guest, 1962; Virany, Tushman, & Romanell,
1992; Wells & Pelz, 1966; Ziller, Behringer, & Goodchilds, 1962). These studies all
used complex tasks or studied work that involved creativity and innovation. For
example, Wells and Pelz (1966) analyzed the performance of groups of scientists
and engineers while Virany et al. (1992) studied executives in the computer industry.
The work of scientists, engineers, and executives is more complex and more subject
to innovation than, for example, work performed by direct production workers in
bureaucratic organizations. Due to innovations that occur in the performance of
complex tasks, knowledge of incumbents may become obsolete. Thus, their depar-
tures may not be costly since much of their knowledge may no longer be relevant
for task performance. By contrast, newcomers may be more up-to-date and possess
expertise relevant for the task. This theoretical argument leads one to predict that
turnover would have a less negative (or even positive) effect on the performance of
complex than of simple tasks.

Results indicated that group performance improved significantly as experience
was gained with the task. Groups that did not experience turnover produced
significantly more products than groups that experienced turnover and this differ-
ence was amplified over time. That is, the gap between the performance of groups
that experienced turnover and those that did not widened over time. Groups pro-
duced more of the simple than the complex product, and this difference was als
amplified over time. The gap in the performance of no-turnover versus turnover
groups increased over time, and the increase in the gap was greater for the simple

fecteq
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for the complex task. Thus, while all Broups were hurt by turnover, it h
. f yn the complex than on the simple task. Based on
imhmﬂl‘ («d in the experiment, we suggested that the lesser j
gcﬂt“i“: tasks was due to the greater frequency of innovat
“Omplt“ task. The departure of experienced group membe
Co_jn!:‘:m,lcx tasks because some of their knowledge was
the ¢ ological innovations.

ad less

analyses of innovations
mpact of turnover on the
ions that occurred on the
rs appeared less costly on
no longer relevant due to
techn ) '

The effect of turnover has glso been found to depend on the quality of replace-
ments and on the extent to V&ithh tu1~n9ver is anticipated. Trow (1960) investigated
the effect of turnover on pertormance In a laboratory study that employed the com-
mon symbol task. Trow found that turnover was not disruptive when replacements
had experience with the task, were at least as competent as their predecessors, and
the group had previous experience with the same rate of turnover.

/;Ithough these studies of the effect of turnover have primarily focused on Fumover
of workers engaged in direct production activities, a few studies have exammeq the
effect of executive turnover on organizational learning. Virany et al. (1992) exgmlped
wrnover of executives as a mechanism for organizational learning and adaptation in a
study of minicomputer firms. The researchers suggested that executive change' faC.lll-
tateé learning and adaptation by changing the knowledge base and commpmcaﬂon
processes of the executive team. Their results indicated that turnover (?f the chlef execu-
tive officer and turnover in the executive team were positive.ly associated W.Ith organi-
zational performance. Thus, in the turbulent minicomputer industry, executive ghange
may have served as a means for bringing in new knowledge and relevant expertise.

Similarly, in their study of the cement industry, Tushman gnd Rogenkopf (1996)
found that executive succession alone was positively a§soc1§ted with subsequent
firm performance in stable contexts and negatively associated in turbulent contexts.
A more complex picture emerged for executive team _change. Departures of exec gtlve
team members (exits) had different effects than arrivals of new memberg (entrleg).
In turbulent contexts, executive team entries were more positively assoglated with
subsequent performance, whereas executive team exits were more negatively asso-
ciated with subsequent performance. The researchers suggestf:d that when environ-
ments shift and the locus of the crisis is outside the firm, o'rgamz.atlonal. p.erforrr'lax.lce
is strengthened by bringing in new executive team @fpe.rtlse. whﬂe retaining exnsttl'ni
expertise. By contrast, when the source of the crisis 1s Wlthln the firm, executiv
team exits were more positively associated with orgaplzatlonal performance. -

These results are more complex than those of the Vlran)./ et al. (1992)' study in }t] e
minicomputer industry. The results suggest that turnove‘r in the executllve tea;m ettz
different effects than turnover of the top executive and turt‘her that entries an ex;]
of executive team members have differential effects on performance. Cgmdpartln gtL a«i
two studies, it is interesting to note that it is in the more stable cement in huls r'yn !
one finds some benefits of retaining existing knowledge aqd exper?se;:v nioer ; e
more turbulent computer industry, turnover at the executive ;eve ewenerally o
formly associated with performance improvements. These rﬁsu tsf jlr_ga s even

sistent with the Argote et al. (1995) study. Turnover 1s less_ arm[ion
be beneficial—on complex tasks that involve change and innovation.
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Taken together, these studies of turnover and org.ani.z‘ational learning SUggeq
conditions under which turnover is likely to have g significant effect on Organiy,,é_
tional learning. Turnover of individuals interacts with other kngwledge TCPOSitorjeg
to determine its effects on organizational learning and forgetting. Results i"diCatg
that turnover affects performance gains from experience most when (1) depariy
members are exceptional performers (e.g., see Argote et al., 1'997); or (2) replace.
ments have less experience or less competence than departing members (Tr,
1960); or (3) departing members occupy structural holes (Shaw et al., 2005); or ( 4;
the organization uses few rules and routines (Rao & Argote, 2006; Ton & HUCkman,
2008): or (5) the organization is low in hierarchy (Carley, 1992); or (6) the task doeg
not involve innovation (Argote et al., 1995). Although turnover of high‘PerfOrming
direct production workers in a manufacturing plant negatively affected the plang’g
productivity, turnover of executives in the minicomputer industry had a positive
effect on performance. The former effect may have reflected the cost of the loss of
individuals who had critical knowledge embedded in them while the latter may have
reflected the benefit of incorporating individuals with new knowledge into the
organizations.

4.3.2 Knowledge Embedded in Organizations

We turn now to evaluating empirical evidence on the extent to which knowledge is
embedded in organizations. Knowledge embedded in an organization is harder to
measure and analyze than knowledge embedded in individuals. An interesting
naturally occurring experiment provided an opportunity for us to analyze the extent
to which knowledge acquired through learning by doing became embedded in the
organization versus in individual employees (Epple, Argote, & Murphy, 1996).
Although the natural experiment did not enable us to further disentangle in which
component of the organization knowledge was embedded, the study was informative
about whether knowledge was embedded in individuals versus in the organization.
A manufacturing plant added a second shift almost 2 years after the first shift had
been in operation (Epple et al., 1996). The second shift used the same technology
and was embedded in the same structure as the first shift but was composed of pre-
dominantly new employees. Thus, comparing the performance of the second to the
first shift provides an indicator of the extent to which knowledge was embedded in
the organization’s structure and technology versus in individual workers. If the
learn'ing curve on the second shift followed the same pattern as the first shift’s curve
had, it suggests that knowledge is embedded primarily in individual workers becausé
workers on each shift went through the same learning process. Alternatively, if the
second shift lear.ns faster than the first, it suggests that knowledge acquired from the
start of production by the first shift was embedded in the organization and led t0
improvements in tr‘le performance of the second shift. To investigate this issue, W€
2!;21);?1?2 ttl:)e lt}rlansief of kqowledge that occurred from the period of operating with
¢ period of operating with two shifts and the ongoing transfer of
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knnw]cdgc hetween the lwg shifts once lhcyf were both in operation (see Epple,
argote, & Dcm'dnf. 1991, for development of the method).

~ Our results mdlcalcq that knowledge acquired during the period of operating
with one shift Lj{“TiCd forward quite rapidly to both shifts of the two-shift period.
The second shift was C(»r11p0§gd p.rcdominanlly of new employees. The second shift
achieved a level of prpductwnty in 2 weeks that it had taken the first shift many
months t0 achieve. This suggests that knowledge acquired during the period of one-
<hift operation had been embedded in the organization. The second shift did not
im\l‘ to go through the long learning period that the first shift had. The second shift
henefited from the knowledge acquired by the first shift that had been embedded in
the organization (i.e., its technology, structure, routines, or layout). This knowledge
improved the second shift’s performance.

As noted previously, this study did not enable us to disentangle the effect of
nowledge embedded in the organization’s technology from the knowledge embed-
ded in its structure. Both contributed to the ability of the second shift to achieve a
high level of productivity so rapidly. Our sense from observing the plant and the
interviews we conducted there was that more of the action occurred on the techno-
logical than on the structural dimension. While some structural modifications were
made, enormous changes occurred in the plant’s layout and its technology as it
gained experience in production. The studies described in the following sections
enable one to determine somewhat more clearly whether knowledge was embedded
in the organization’s technology or its structure.

43.2.1 Knowledge Embedded in Tools and the Tool-Tool Network

Studies of technology transfer shed light on the extent to which knowledge is embed-
ded in tools. These studies typically examine how technology developed at one site
transfers to another and the conditions that facilitate or impede such transfer (e.g.,
Allen, 1977; Ounjian & Carne, 1987). A relevant study that is particularly compelling
for the goals of this book is one that included productivity as the dependent measure
and analyzed the effects of various factors on how long it took a “recipient” site to
reach the level of productivity a “donor” site had achieved (Galbraith, 1990). Galbraith
(1990) studied 32 attempts to transfer technology internally from one site to another
within the same organization. The results of the Galbraith study illustrate both the
difficulty of transferring technology and the savings in productivity that can occur
from successful technology transfer attempts. For the 32 technology transfer attempts,
the initial productivity at the recipient site after the technology was transferred aver-
aged 34 % less than what the donor site had achieved at the time of transfer. The
productivity loss ranged from a low of 4 % to a high of 150 %. Thus, some of the
recipient organizations almost instantaneously achieved a level of productivity that it
had taken the donor sites months or even years to achieve, whereas other recipient
sites did not even approach the productivity of the donor sites after the transfer.
Indeed, 10 of the 32 technology transfer attempts were considered failures because
they never reached the level of productivity of the donor site prior to the transfer.
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The Galbraith results tell a story that is both “half-full” and “half—cmmyn ¢
the perspective of knowledge embedded in technology. On the positive side r(;)m
results illustrate that some organizations can achieve remarkable producnmy g‘aihe
by transferring technology. These organizations are able to embed knowledgc o
technology and successfully transfer the knowledge to a new site. For other organl‘n
zations, however, the results are less satisfying. Their attempts to embed knowle )
in technology and transfer it to another site do not result in large productivity gaiii
at the recipient organization. Factors that facilitate the successful transfer of tech‘.
nology are discussed in Chap. 6 on knowledge transfer.

Information systems can serve as knowledge repositories. Alavi and Leidner (2001
suggested that computer storage and retrieval tools enhance organizational memory,
Ashworth, Mukhopadhyay, and Argote (2004) found that the introduction of 4 new
information system at a financial services firm reduced knowledge depreciation

4.3.2.2 Knowledge Embedded in the Task-Task Network

Researchers have also analyzed the extent to which knowledge acquired through
learning by doing is embedded in routines, a task—task network. Cohen and Bacdayan
(1994) demonstrated that knowledge acquired through task performance can be
embedded in supra-individual routines. Based on empirical evidence from a labora-
tory study of dyads playing a card game, the researchers concluded that the behavior
of the dyads was indicative of the operation of routines. In particular, the perfor-
mance of the dyads became faster and more reliable over time. Different dyads
evolved different routines that were stable over time (see also Weick & Gilfillan,
1971). And dyads persisted in using their idiosyncratic routines, even when more
effective routines existed.

Further, Cohen and Bacdayan (1994) found that task performance slowed down
significantly with the introduction of novelty in the experiment but not with an
increase in time delay. The researchers argued that this pattern provided further
evidence of the operation of routines. Delay should not affect routinized task perfor-
mance because routines are stored as procedural memory that exhibits little decay,
whereas novelty should affect routinized task performance because novelty causes
subjects to switch to slower declarative processing (Singley & Anderson, 1989).

As noted previously, routines have been studied as a factor that conditions the
effect of turnover on outcomes. Rao and Argote (2006) found in a laboratory study
that relying on routines reduced the negative effects of turnover. Similarly, Ton and
Huckman (2008) found in a field study that organizations that relied on processes
and routines were less affected by turnover than those that did not.

Moorman and Miner (1998) developed propositions about the effects of proce-
dural and declarative knowledge on organizational improvisation, the convergence
of composition and execution in time. The researchers argued that procedural mem-
ory would increase the speed but reduce the novelty of improvisational activity. By
contrast, declarative memory was hypothesized to reduce the speed but increase the
novelty of improvisation,
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4.3
23 Knowledge Embedded in the Member-Member Network

,mhcr—munhcr network has been investigated as a factor that moderates the
Th_" "“1, (urnover on organizational learning and forgetting. For example, hierarchical
effect (-,ks‘ have been found to buffer organizations from the effects of turnover
petwo ‘]992)_ Examining the effect of the departing member’s position in a net-
¢ al. (2005) found that turnover of members who occupied structural

harmful than turnover of members in dense networks.

Carley,
work, Shaw et
poles Was more

43.24 Knowledge Embedded in the Member-Task, Member-Tool,
- and Task-Tool Networks

Research on “transactive memory” (Wegner, 1986, 1995) is relevant for understand-
ing knowledge embedded in networks including the member—task, member—tool,
anvd member—task—tool network. Transactive memory research emphasizes that as
social systems gain experience, members acquire knowledge about which member is
oood at performing which task or operating which tool. Recently, researchers have
extended transactive memory research to include the task—tool network. Sparrow,
Liu, and Wegner (2011) found that participants thought of computers when they
needed to find information and were better able to remember where information was
stored than the information itself. The researchers argued that the Internet, a tool, has
become a component of many individual’s transactive memory systems.

Consider an example of how a transactive memory system might work. A group
of research collaborators might learn that one member of the team is particularly
good at experimental design, while another excels at data analysis, and a third is a
very strong writer. As the group gains experience and learns who is good at what, it
specializes and assigns tasks to the individual with the most skill and expertise. That
is, as group members work together, they learn who has a deeper understanding of
statistics and rely more on that person for dealing with statistical concerns. As group
members read each other’s writing, members also learn who the most gifted writer
is. That person is likely to take on more of the group’s writing tasks. Furthermore,
as group members see the consequences of various design choices, members acquire
information about who has the best instincts about the design of research studies.
This knowledge of who knows what facilitates matching of tasks to individuals’
skills and expertise. Individuals’ meta-knowledge of who knows what in the group
allows them access to a much larger knowledge base than their own. Individuals
learn whom to go to if they have a question or need advice. Group members also
learn how to communicate and coordinate effectively with one another, perhaps by
deV@lOPing special terms and customs. Members also learn whom they can trust.

The transactive memory system the group develops facilitates its performance.

My colleagues and I used Wegner’s concept of transactive memory to investigate
the effects of training methods on group performance (Liang, Moreland, & Argote,
:)egrz)l-r'h} an i.nit'?al' study, we compared the performance of groups whose members

ained individually to that of groups whose members were trained together on
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aproduction task, assembling a radio. Groups whose members were trained togethe,
recalled more about the task and made fewer errors than groups whose Memberg
were trained apart. The superior performance of groups in the group training condi.
tion seemed to stem from the operation of a transactive memory system. Groups
whose members were trained together exhibited greater specialization or mep,,
differentiation, trusted each others expertise more, and coordinated better than
groups whose members were trained individually. Further, the transactive memory
system mediated the relationship between training and group performance (Baron
& Kenny, 1986): when the degree to which the groups developed transactiye
memory systems was taken into account, training methods no longer mattereq
Thus, the superior performance of groups who received training together was dye
to the operation of transactive memory systems.

A subsequent study replicated the first and included two additional conditiong
(see Moreland, Argote, & Krishnan, 1996). One condition in which participants
were trained as individuals and then given a team-building exercise was added to
investigate further whether the superior performance of participants trained as
group was due to enhanced group development. The performance of participants in
this individual training plus team-building condition was inferior to that of partici-
pants trained as a group and comparable to that of participants who received only
individual training. This finding enabled us to rule out the hypothesis that enhanced
group development led to the superior performance of participants who were trained
together. Providing groups an opportunity to interact was not sufficient to improve
their performance.

Another condition was added to the second study in which participants were
trained in one group and performed in another. The performance of participants who
were trained in this condition was comparable to the performance of participants in
the individual training condition and the individual training plus team-building con-
dition, and inferior to that of participants who trained and performed in the same
group. Thus, it is not experience in working with any group that leads to superior
performance, but experience in working with particular group members that allows
for the development of knowledge of who is good at what and leads to the creation
of a transactive memory system. It is the transactive memory system that drives
group performance.

A third study measured more directly what members of a group learned as they
gained experience (Moreland, Argote, & Krishnan, 1998). To assess whether group
members who trained together would know more about one another than those
tl’ain?d apart, participants were asked to complete a questionnaire after they received
training and before they took part in the second experimental session. The question-
naire measured what the members of each group knew about each other’s expertise:
Participants who were trained together wrote more complex analyses of each other 'S
strengths and weaknesses. To assess the accuracy of these perceptions of each other’s
slrcpglhs and weaknesses, the questionnaire data were compared to objective infor-
pars i e it gt L s el O
expertise than parlicipamngher ad more ac?“rf‘t? perceptions of each O ,cof

O were trained individually. Further, members
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were trained together agreed more
(han members trained apart.
oal of the third experime

about eac

about each other’s strengths and
: 068CS
cakne

o nt was to determine if i .
another & ne it social loafing and free

e Karau & Williams, !993) affected performance in the v
jitions. Training members of a group together could lead to s
cond! sembers may not learn the task very well because the
gnﬂﬂj{“ others. During the first experimental session of this study, participants were
oly ¢ cither individually or ina group, as in previous studies, When they reiurned
- the second experimental sgssion, however, all participants were asked to per-
‘f‘r  the task individually. This enabled us to determine whether participants who
1:111“ rained in @ group Feanjed the task as well as s.ubjects \.)v‘k}o received individual
aining: Results indicated .that there were no s1gmﬁcgnt differences in individual
[formance between participants who were tralped individually and those who
e rrained as a‘grogp. Althougf} further research is needed to rule out the possibil-
v of social loafing in group training, our re§u.lts suggest that individual learning
occurs to about the same degree whether participants are trained individually or in
a eroup. Thus, social loafing does not seem to be a serious problem here.
“Hollingshead (1998) also compared the effect of group and individual training on
oroup and individual performance for a different task: collective induction. Results
;ndicated that group performance was facilitated by previous practice as a group and
not by practice as individuals. Individual performance, however, was not affected by
either individual or group practice. These results obtained on collective induction
tasks are very similar to those already described for the radio production task.
Hollenbeck et al. (1995) also found that experience improved group performance
in a study of hierarchical teams. Much (albeit not all) of the effect of experience on
performance was mediated by its effect on three core variables (1) the degree to
which the team was informed about the decision; (2) the extent to which members’
judgments were accurate, and (3) the degree to which the leader gave appropriate
weights to group members’ judgments. This last factor is similar to a dimension of
transactive memory—knowing who is good at what and weighting their contribu-
tions accordingly. In a second study, Hollenbeck et al. (1995) found that teams that
had an incompetent member and those low in cohesiveness performed more poorly
than their counterparts. Similar to the previous results, much (but not all) of the
effect of cohesion and competence on decision accuracy was mediated by the three
core variables,
- These laboratory studies of small groups relate to information we obtained from
Interviewing and observing managers at manufacturing facilities. As noted previ-
ously, when we interviewed managers about what accounts for organizational learn-
;llficurve, they emphasized the importance of lear'ning who was gogd at what ta.nd
B n%:‘r“g‘ tasks accordingly. Thus, these organizations were devdopn;g lt(ranjvallz dIVZ
o ﬁ is‘ys.lem'8~knowled‘ge of who was good at what—and using this knowledg
he C(;ll”bqup and per.tormance. he organizational level
ang Cxpandczpl Qi transactive memory has been c.a).(t'endec‘i to the o inizations < el
' Kno ¢dtoinclude knowledge of the capabilities o.t other org e abheer. and
Wledge of the capabilities of one’s own organization. Rulke, Zaheer,

arious training
cial loafing: some
Y expect to be able to

[I'ﬂi m‘d
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Anderson (2000) developed and collected fine-grained measures of the knowleg .
retail food organizations possessed about their own capabilities and the capabiliie
of other firms. The researchers examined the relationship between these twq, lych
of knowledge (self-knowledge and knowledge of others) gnd objective measyreg of
performance, such as sales per square foot. Results indicated that both typeg of
knowledge contributed significantly to firm performance. Further, a Significan
interaction was found between the two knowledge variables that indicated that firmg
with high self-knowledge did not benefit as much from knowledge of the capabili.
ties of others as those with low self-knowledge. The Rulke et al. (2000) study jg
particularly exciting because it demonstrates the importance of transactive memory
in a field setting and shows the link between transactive memory and objective ing;.
cators of firm performance.

Since the early laboratory studies of transactive memory, the concept has als,
been investigated in the field (Austin, 2003; Faraj & Sproull, 2000; Lewis, 2004),
Many studies have found that groups with well-developed transactive memorieg
perform better than those with less developed transactive memories. Although most
studies have examined outcomes such as the quality and speed of performance,
research has also found that transactive memory systems enhanced creativity (Gino,
Argote, Miron-Spektor, & Todorova, 2010). Simulation results have shown that
transactive memory systems are especially valuable under changing conditions
(Ren, Carley, & Argote, 2006).

Experience working together is one of the strongest predictors of the develop-
ment of transactive memory systems. Thus, as members work together on the same
or related tasks, they learn who is good at what. Other factors shown to affect the
development of transactive memory systems include communication (Hollingshead &
Brandon, 2003; Lewis, 2004), interdependence (Hollingshead, 2001; Zhang,
Hempel, Han, & Tjosvold, 2007), and stress (Pearsall, Ellis, & Stein, 2009). Reviews
of the literature on transactive memory can be found in Peltokorpi (2008) and Ren
and Argote (2011).

4.4 Consequences of Where Knowledge Is Embedded

Although empirical work on organizational learning and memory has increased in
recent years (Miner & Mezias, 1996), there is little empirical evidence about the
consequences of where knowledge is embedded for aspects of organizational per-
formance. We are just beginning to understand the effect of organizational memory
on organizational outcomes. An empirical study that directly examined the effect of
memory on dimensions of organizational performance found that organizational
memory affected the new product development process by influencing both the
interpretation of new information and the performance of new routines (Moorman
& Miner, 1997). Results indicated that higher organizational memory levels
enhanced the short-term financial performance of new products, while greater mem-
ory dispersion increased both the performance and creativity of new products.
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Results also indicn}cd l'hul high memory dispersion could detract from creativity
ander conditions of environmental turbulence.

In this section, I.draw on related literature and qualitative work we have done in
ﬁ-anchisc m'ganiza.llons (Argole & Darr, 2000) to suggest how where knowledge is
ombedded affects 1ts perﬁlstence and transfer in organizations. Research on knowl-
cdge iransfer is briefly discussed here because the transfer of knowledge from one
Unh (0 another provides evidence of its persistence. The following sections suggest
how embedding knowledge in individuals, in tools, in routines, and in transactive

memory systems affects its persistence over time and its transfer to other organiza-

tional units.

44.1 Knowledge Embedded in Individual Members

Individuals provide both a sensitive and a precarious way of storing, maintaining,
and transferring knowledge. Individuals are capable of capturing subtle nuances
that other repositories are not able to store as readily. For example, in a series of
ingenuous experiments, Berry and Broadbent (1984, 1987) showed that although
individuals improved their performance as they gained experience with a task, they
were not able to articulate what strategies they had used or why their performance
had improved. Thus, as they gained experience with the task, individuals acquired
tacit knowledge that they were not able to articulate to others. Individuals were able,
however, to transfer their tacit knowledge to another similar task. When participants
in the experiments performed a second task, the performance of those with previous
experience on a similar task was significantly better than that of participants without
any previous experience. Thus, even though participants could not articulate why
their performance improved, they were able to transfer the knowledge that enabled
them to improve their performance to a similar task.

These results suggest that moving personnel is a very effective way to transfer
knowledge in organizations because individuals can transfer their tacit knowledge
to other tasks and contexts. Thus, by transferring personnel, one transfers the tacit
knowledge that individuals carry with them. Most studies of technology transfer
find that moving personnel is a powerful facilitator of knowledge transfer (e.g., see
.Gal‘braith, 1990: Rothwell, 1978). A benefit of personnel movement is that it allows
individuals to transfer their tacit knowledge to new contexts.

An alternative way of transferring tacit knowledge is to convert it to explicit
knowledge. Nonaka (1991) described a fascinating example of how an engineer
apprenticed herself to a bread maker to acquire the bread maker’s tacit knowledge.
Through a long period of observation of the bread maker, the engineer captured the
bread maker’s tacit knowledge and converted it to explicit knowledge. This explicit
knowlgdge served as the base for Matsushita’s bread-making machine.
ed;:d%vljduals are the mgst gft‘ectivg media for acguiring. and storing tacit‘k.nowl-
can 2; cy are alsq an effective media for transferring tacit knowl?dge. Indlvndqals

pply their tacit knowledge to a new task or a new context without converting
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their tacit knowledge to explicit knowledge. Alternatively, through 5 lengyp,
of observation and apprenticeship, others may be able to capture ap s
knowledge and convert it to explicit knowledge that others can accegg pert’s tacj

Without moving personnel or explicitly attempting to capture their kn
knowledge embedded in individuals will generally not transfer. Qualiy; :
from our study of fast-food franchises illustrate how knowledge embedeg ine;suhs
viduals generally does not transfer to new sites. In our study of fast-fooq franChlp‘dL
we observed 14 innovations at the stores (Argote & Darr, 2000). Of the 14 innOVat{Ses,
that occurred in the fast-food franchises, 6 were embedded in individuals. For eXIOng
ple, knowledge about how to hand-toss pizza remained embedded in individyg] Ws:ll:.
ers. Knowledge about how to prioritize pizzas so as to take advantage of cookip, o tim~
differences across pizza types and sizes and, thus, make better use of the oyep, alsz
remained embedded in a few individual order-takers. Of the six innovations thy Wére
embedded in individuals, only two transferred outside the store of origin. By CONtragt
both of the innovations embedded in technology transferred outside the store of 0rigi1;
and five of the six innovations embedded in routines transferred outside the store of
origin. Thus, knowledge embedded in individuals does not transfer as readily outside
the organization of origin as knowledge embedded in technology or routines does

Several pitfalls are associated with relying on individuals as a knowledge
repository for organizations. Knowledge embedded in individuals may decay or
depreciate faster than knowledge embedded in social systems. The results of an
interesting laboratory study that compared individual and group recall suggest that
knowledge embedded in groups is more stable than knowledge embedded in indi-
viduals (Weldon & Bellinger, 1997). The researchers found a tendency for groups
to exhibit less forgetting than individuals. Further, the organization of group recall
was more consistent over trials than the organization of individual recall. Thus, an
important difference between collective and individual memories may be the rela-
tive stability of collective memories. Knowledge embedded in the group or social
system seems to be more stable than knowledge embedded in individuals, even
when there is no turnover of those individuals.

Another downside of relying on individuals as a knowledge repository is that
individuals may not be motivated to share their knowledge. The Engestrom et al.
(1990) example discussed earlier in which an individual hoarded knowledge and did
not share it with others is an example of this phenomenon. Many studies have show!
that individuals typically do not share information that they uniquely hold (€.g- se¢
Stasser & Titus, 1985). .

A third downside of relying on individuals as a knowledge repository for or.g'anl‘
zations is that individuals can leave and take their knowledge with them. Conditions
under which individual turnover will be especially harmful for organizations wgri
discussed earlier in this chapter. Organizations can use a variety of stralegles.to_
capturing individual knowledge. Embedding individual knowledge in Orgapllzl
tional structures and routines is a productive way to mitigate the effect of individu :
turnover (Rao & Argote, 2006). Similarly, organizations may try O Capwr‘e ;ns
knowledge of individuals and embed it in technology such as information syste
and knowledge networks (Moreland, 1999; Stewart, 1995a, 1995b).

ge
ve T



C nsequences of Where Knowledge Is Embedded
OT11¢

4.4 105

A gigniﬁt‘ﬂm component of individual knowledge, however, such as tacit knowl-

jge, MAY be less amenable to being embedded in organizational structures and
e( g_(- .

ologies. For organizations with a large component of tacit knowledge, attempts
he individual to the organization may be more fruitful than attempts to
knowledge in structures and technologies. Starbuck (1992) described the
srategies organizatio-ns such as law ﬁr.ms'and consulting firms use to prevent
ﬁdividuals from _le'avmg. In these organizations, where much of the knowledge is
embedded n individuals, their turnover quld be very harmful for the organiza-
jion's performance. Hence, contracts are written and incentives are developed to
motivate key individuals to remain with the firm.

A fourth disadvantage of relying on individuals to transfer knowledge is that it is
hard for individuals to reach a large number of people without some degradation in
the communication. Thus, for large organizations where reliability is important, it
will not be efficient or effective to rely on individuals as the primary means for
ransferring knowledge. Individuals can be used effectively to complement other
repositories, but relying solely on individuals to transfer knowledge in these settings
will not be effective.

gechn
to [ml\d l
embed the

4.4.2 Knowledge Embedded in Tools and the Tool-Tool Network

Technology is a very effective repository for retaining explicit knowledge. As noted
in the discussion of organizational forgetting in Chap. 3, we observed the least
depreciation of knowledge in technologically sophisticated organizations. While
more research is needed to determine whether it is technological sophistication that
drives these organizations’ ability to retain knowledge, the depreciation rates
observed across a variety of settings are consistent with the hypothesis that embed-
ding knowledge in technology is an effective way to mitigate its depreciation.
Similarly, Smunt (1987) suggested that embedding knowledge in technology is an
effective way to prevent organizational forgetting. While embedding knowledge in
technology does not guarantee its persistence, it makes persistence more likely.
Embedding knowledge in technology is also an effective way of transferring
knowledge to other sites. Two of the innovations we observed in our study of fast-
food franchises were embedded in technology. The “cheese spreader” example dis-
cussed earlier in this chapter is an example of one of these innovations. Both of the
Innovations embedded in technology transferred outside the store of origin. While
the number of innovations embedded in technology was, of course, too small to
Permit firm conclusions, the results are suggestive of the effectiveness of technol-
08Y as a medium for transferring knowledge.
f The results of our study of knowledge transfer across shifts in a manufacturing
r?slllty alsp ill.ustrate the effectiveness of technology as a. mechanism for trgnster-
evi%j :nrganlzatlonal kqowledge. The Fechnology-transfer hte‘ratgre prowdes tunh;r
ar Fe lhal embedding knowledge in lechnglogy and .trar?sfemng it to another site
result in substantial savings for the recipient organization.
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Interestingly, transferring knowledge by embedding it in techpology IS often
most successful when it is accompanied by transferring a few individuals as well
(c.g., see Galbraith, 1990; Rothwell, 1978). The advanmggs f’f individuals as know.
edge repositories complement those of lcchnology. Individuals capture the tacj
knowledge, the subtlety, and the understanding behind the technology. By contrag
technology provides consistency and reliability and reaches a large scale.

A cost of embedding knowledge in technology is that the knowled.gc may become
obsolete yet be more resistant to change because it is.embedded in “hard” form
Abernathy and Wayne's (1974) analysis of Ford’s production of the Model T suggeste
that Ford’s investment in “hard” automation to produce the Model T made it more
difficult for Ford to change to meet customer preferences and offer a more varied
product line. This example illustrates potential disadvantages of embedding know|-
edge in technology: increased rigidity and resistance to change. Today.’s technologies
are generally more flexible than they were in the 1920s, so the downside potential of
embedding knowledge in technology might now be some.what.less. Nonetheless,
rigidity associated with embedding knowledge in hard form is an important potential
cost of embedding knowledge in technology that should be considered.

Knowledge management systems have been advocated as a knowledge repository
that captures knowledge from the past to inform future decisions. Evidence on the
effectiveness of these systems, however, is mixed. Haas and Hansen (2005) studied
a consulting firm that used a knowledge management system consisting of docu-
ment libraries linked by a search engine. The researchers found that the perfor-

mance of consulting teams was negatively associated with the number of documents
they used from the system. Further, using documents from a knowledge manage-
ment system was especially harmful for experienced teams and teams facing very
competitive environments.

By contrast, Kim (2008) found that the effect of using a knowledge management
system in a chain of retail grocery stores was generally positive. The impact of the
knowledge management system on performance was more positive for managers
with fewer alternative sources of knowledge, for managers in remote locations, and
for managers of products that did not become obsolete quickly.

The difference in the effectiveness of these two knowledge management systems
seems likely due to task differences between the two contexts. Arguably, the prob-
lems encountered by managers in a retail grocery team were more similar and less
novel than those faced by consulting teams. The document repository form of
knowledge management system appears to be more effective in organizations facing
recurring tasks that are similar than in those facing varied and novel tasks.

4.4.3 Knowledge Embedded in the Task-Task Network

Routlngs, e]qments of the task—task network, are effective mechanisms for storing
and maintaining knowledge. For example, in our study of fast-food franchises, W€
saw an example of a very efficient and effective routine for placing pCPPeroni on
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AS described previously, it wz\s‘disc(wcrcd that placing pepperoni in a pattern
hled spokes on a wheel before deep-dish pizza was cooked resulted in an
on of pepperoni on the cooked pizza. The discovery was embodied in
could be used casily by all pizza makers. Embedding the knowledge
ade it more resistant to employee turnover. If the individual who made
of how to achieve an even distribution departed from the store, the
|d remain in the organization. Embedding knowledge in a routine
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: - clements of (e task—task network, are also an effective mechanism for
" nowlede 19 .Othe" organizations. The routine for placing pepperoni
was discovered in a store 1 _S()uthwestern Pen'?Sylvania. The routine transferred
very quickly to other stores .ln the Sam? franchise. A consultant from the parent
COI“’POI’aliOn who saw the rout_l'ie On.2 Vls}t to one of the stores was impressed by the
routine § effectiveness a‘?d diffused it widely to stores throughout the corporation.
The routine 1S NOW used in nearly all of the stores of the parent corporation.

Indeed, other routines we observed in the fast-food franchise study also trans-
ferred outside the store of origin. Of the 14 innovations we identified in our fast-
food franchise study, 6 were embedded in routines. Of these six, five transferred
outside the store of origin. And three of those transferred to stores in different fran-

Thus, embedding knowledge in a routine is an effective way to facilitate

\sferring k

chises.
knowledge transfer.
The results of a study by Zander and Kogut (1995) are consistent with our quali-

wtive results regarding knowledge transfer. Zander and Kogut (1995) examined fac-
wors affecting the speed of transfer of manufacturing capabilities. The researchers
found that capabilities that could be codified (e.g., in documents or software) trans-
ferred more readily than capabilities not easily codified. In order to be embedded in
a routine, capabilities must be codified.

A downside of relying on routines is that they may be used inappropriately.
Researchers have written about the importance of “unlearning” in organizations—
forgetting the old and developing a better, more appropriate routine as a way of adapt-
ing to changed circumstances (e.g., Hedberg, 1981). Unlearning is arguably an
example of learning—of developing a more elaborate response repertoire that specifies
the conditions under which various responses are appropriate. So rather than “forget”
aroutine used in the past, it would be preferable to remember the routine, the condi-
tions under which it worked, and why it is no longer successful. Thus, lessons of the
past can be applied to the present to facilitate organizational performance.

444 Knowledge Embedded in the Member—Task Network

Several studies have examined the persistence of knowledge in transactive memory
»ystems. Research has shown that knowledge embedded in transactive memory
?;‘S:em.S persists more than knowledge embedded in individual members. In a series

Sudies, researchers compared the recall 1 week after the training of groups whose
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members were trained together to the recall of groups who members Were fry;
apart (Liang et al., 1995; Moreland et al., 1996). Groups trained together reca
more 1 week later than groups whose members were trained apart, The great
recall of group-trained groups relative to individually trained groups coyjq sr
explained by their more developed transactive memory system (Liang et a], 1995e

Studies have examined how resilient knowledge embedded in transactiye mem)'
ory systems is to member turnover. If turnover from one period to the next s Com:
plete such that no individual worked with someone they had previously, thep, the
transactive memory formed from working together is no longer relevant and conferg
no benefits for task performance (Moreland et al., 1996). If turnover is not COmplet;s,
and a subset of members continue to work together, transactive memory Systems
can retain value (Lewis, Belliveau, Herndon, & Keller, 2007). The effectiveness of
transactive memory systems depends on contingencies, such as the extent to whicp,
the skills of new members are similar to those of departed members.

Ne(
Hcd

4.5 Conclusion

The chapter began with a discussion of examples of productivity-enhancing
improvements that occurred as organizations gained experience in production.
These improvements were mapped onto theoretical discussions of organizational
memory. A framework of members, tasks, tools, and their networks was used to
characterize repositories of organizational memory. Empirical evidence on the effect
of embedding knowledge in these three repositories was reviewed. Considerable
research has been done on the effect of embedding knowledge in individuals. Some
research has been done on the effects of embedding knowledge in tools, in task-task
sequences or routines, and in member—task networks or transactive memory sys-
tems. More research is needed on knowledge embedded in these repositories as well
as in the member—member or social network. The chapter concluded with a discus-
sion of the implications of where knowledge was embedded for organizational per-
formance. Individuals are capable of capturing and transferring subtle nuances and
tacit knowledge. By contrast, organizational routines and technologies are less
“sensitive” repositories. Knowledge embedded in organizational routines and tech-
nologies, however, is more resistant to depreciation and more readily transferred
than knowledge embedded in individuals. Organizations can use the strengths of
one knowledge repository to offset the weaknesses of another.
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