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8Abstract

9We theorize that organizing learning activities in high-technology firms differs from those in

10conventional manufacturing. Using controls, we found empirical support for our hypotheses, which are

11due to market turbulence. High-technology-driven firms had to face a rapidly changing, highly volatile

12environment with disruptive and destructive changes. Inspired by our findings, we suggest an

13extension to the Burns and Stalker’s idea of the ‘‘organic’’ firm—a neural firm paradigm in

14interpreting people–technology interactions. For high-technology firms having to cope with market

15turbulence, we argue for ‘‘plasticity’’ in organizing. D 2002 Published by Elsevier Science Inc.

16

171. Introduction

18The role of the environment in influencing corporate behavior continues to be of central

19interest among leading scholars and researchers (e.g., Bourgeosis, 1985; Grinyer, Ardekani,

20& Al-Bazzaz, 1980; Jauch & Kraft, 1986). This is despite the already extensive literature
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21dealing with diverse perspectives on the environment and the firm (e.g., Child, 1972; Downey

22& Slocum, 1975; Duncan, 1973; Khandwalla, 1972; Lawrence & Lorsch, 1967; Leifer &

23Huber, 1977). The continuing onslaught of high technology in the new economy brings with

24it even more turbulent changes into the business environment of the 21st century.

25Not surprisingly then, Burns and Stalker’s landmark findings of the 1960s’ The Manage-

26ment of Innovation remained relevant, if not enhanced. Their work continues to be integrated

27almost routinely into the many standard texts dealing with the management of organizations.

28How is this so? What did their research really tell us?

29Burns and Stalker’s research informed us about the influences of the environment on

30manufacturing firms. After extensive, detailed, and empirically grounded investigations, they

31established a dichotomy between firms that were structurally mechanistic and those that were

32organic. Firms, according to Burns and Stalkers, that operated within a rapidly changing

33environment (RCE) shared a common attribute—‘‘organicness.’’ In sharp contrast, firms

34within a stable, thus predictable, environment were described as organizationally mechanistic.

35It is this ‘‘organicness’’ attribute identified by Burns and Stalker that inspires us in our own

36empirical research into the impact of the environment on firms.

37Since their classic work, the global manufacturing environment had more than evolved (e.g.,

38Terreberry, 1968), it had undergone dramatic transformation, with its momentum of change

39remaining unabated. In contrast to the manufacturing environment of Burns and Stalker’s time,

40ours is subjected to far more rapid changes, thus producing unpredictable, complex, and even

41turbulent environment. The on-rushing streams of new technology had accelerated the pace of

42change. The greatest and most immediate impact is on firms operating in the context of high

43technology, such as those within the electronics industry. The environment had evolved to be far

44more ruthless and competitive. Such an environment could account, in part, for the unpreced-

45ented proliferation of new management concepts, methods, and techniques.

46The avalanche of materials is coming out mainly from the US. This is reasonably expected

47as relatively more US firms are operating at the cutting edge of technological innovations

48than others are. The US, at least for now, dominates the world in the software industry by

49producing technology that drives changes in the landscape of manufacturing across many

50diverse industries. In addition, there are many new developments in consumer electronics

51(e.g., newer, smart materials, ever tinier and slimmer chips, etc.) that demand higher

52sophistication and greater flexibility in manufacturing capability. This results in an increase

53requirement for responsiveness and agility in manufacturing firms, driving up the level of

54competitiveness in the industries.

55Such rapid gushes of new technologies had reconfigured the competitive landscape. The

56stark choice often confronting firms in such an environment is either to cope or be left out.

57The environment is often perceived as being subjected to sharp discontinuities. The disjointed

58streams of technologies are not only disruptive, but are also often proven destructive to

59established firms that are unable to keep up with the momentum of change. Such disruptive

60changes in technology often deepen the sense of inadequacy among managers, particularly in

61the high-technology sector of manufacturing. Thus, there is that constant search by managers

62for new strategies, concepts, ideas, techniques, tools, methods, and understandings in order to

63be effective in coping with change. The intensity and rapid rates of technology change are
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64likely to be sustained into the future. Not uncommonly, firms in the electronics industry are

65facing environmental changes that are characteristically rapid, sudden, abrupt, and severe.

66For firms competing in the high-technology segment, the pressures on management are

67likely to become ever more intense. There is unrelenting pressure on management to cope with

68the tremendous influx of new technologies, as well as obsolescence of the old. The social costs

69in trying to cope with the turbulence from such an environment (e.g., stress) has yet to be truly

70and fully appreciated. However, it is precisely such a scenario that provides us, as researchers of

71organization–environment interactions, with an exciting background to conduct our research.

72Our overarching concern here is on the impact of the environment on organizing in firms.

73In other words, how do organizations respond in trying to cope with a RCE of severity

74likening to that faced by high-technology firms? Unlike Burns and Stalker, we are able to,

75through our large-scale database built up over several years since 1988, capture through

76quantifiable means differences in organizing for learning between firms in the electronics

77industry and those operating inside conventional manufacturing. In general, firms in

78conventional manufacturing operate in a more stable and predictable environment, as

79compared to firms in the electronics industry.

80Our study focused mainly on the core value-adding elements: production workers and the

81machinery deployed in the manufacturing processes. In production economics, the critical

82inputs remained to be that of labor (i.e., workers) and capital (technology/machinery that

83improve labor efficiency). Profit is generated from the interactions between labor and capital,

84i.e., worker–technology interactions. The productive capacity that results from such inter-

85actions is intriguing. Economists routinely reflect on this phenomenon via the proxy measure

86commonly referred to as productivity—being a simple ratio between output and input. Yet,

87we are surprised that so few studies had been undertaken to investigate such interactions on

88empirical ground. Considering that we are in the midst of rapid technological changes, the

89interactions between workers (e.g., their learning) and technology (e.g., its implementation)

90ought to be of central importance.

91We will take a brief historical perspective of the relationship between labor and capital

92(machinery). With the emergence of the ‘‘factory’’ at the dawn of the industrial age, there

93arose a global trend in market economy: machinery encroaching more and more into the arena

94of work performed by workers. We could interpret the rationality of this trend using the idea

95of efficiency in the production floor. Considering that efficiency leads to more profits, thus

96enhancing corporate value (e.g., in stock prices), production efficiency (e.g., through just-in-

97time processes) thus remains the key meaningful production floor measure of corporate

98performance. It is not surprising then that machinery, being more efficient, effective, and

99always mute—in contrast to workers who are inclined to collective voice through union

100intervention—as a means of production, is replacing more and more of labor. To put our

101argument bluntly, machinery is no longer supplementary to the work of labor. Since the turn

102of the British industrial revolution, machinery in the production lines had become direct

103substitutes for labor. Labor, especially the production workers, had instead become supple-

104mentary to machinery in the production process. They fulfill what the machines are, for the

105moment, unable to do in a less costly manner (new machinery are a lot more expensive than a

106pair of hands), although less effectively.
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107For firms to cope with technology change, we argue that there must be learning by

108workers, specifically production workers, as per our present study. Firms need to rely

109on production workers to achieve smooth and on-time implementation of machinery that

110is embedded with new technology. Unless he is constantly ‘‘en-skilled’’ through training

111and learning, the average capability of the production worker is likely to remain stagnant.

112The untrained production worker is likely to encounter severe difficulties in fulfilling

113his task. Indeed, a production worker’s level of skill, unless upgraded, is in relative

114decline, given the rapid increase in complexity of new technology-oriented machinery. In

115relating the capability of a production worker to the execution of a new task, such as

116operating new computer-aided machinery, we realize that unless en-skilled, the same

117worker runs the risk of being replaced by another more highly skilled person. This brings

118us to a related phenomenon from which our research takes its bearing—the transformation

119of work.

120The once ‘‘hard’’ machinery that the production workers had to handle in order to produce

121higher-quality goods more efficiently is becoming ‘‘soft,’’ and it is becoming ever ‘‘softer.’’

122The machinery used for production within the electronics industry have especially evolved to

123become ever more ‘‘intelligent.’’ Production workers caught in such fast-changing envir-

124onment, such as that faced by the electronics industry, may already be finding the production

125task too difficult to cope up with. This is so, even with piece-meal training—training

126implemented as and when required—or in-step with the implementation of new technology.

127A corporate setting that fosters learning has become necessary. A yearning for deeper

128knowledge and understanding, and the ability to grasp the underlying theory of the

129production process beyond button pushing is now required of workers. In other words,

130training must engender a habit of learning independent of, though related to, the immediate

131task of operating a particular machinery.

132In the near future, problems of learning are likely to be accentuated as later generations of

133production machinery become ever more complex, modular, and intelligent. It is even likely

134that some of these machines may begin to ‘‘learn’’ on the production floor, diminishing the

135role of workers. One could anticipate the increasing pressure on the production workers, not

136only to cope, but also to compete head-on, with machinery. In order to be assured of their

137jobs—often their only means of livelihood—production workers would have to be accus-

138tomed to continuous learning. This is especially so for workers working in firms where the

139competitive edge is dependent on responsiveness to changing technology. The management

140of technology changes will be quite a challenge for those responsible for it. All these

141contribute to our interest in investigating the impact of rapid and intense technology change

142on firms operating in the electronics industry—the industry most severely affected by

143technology transformation today.

1442. Framework of hypotheses

145We developed a simple framework (see Fig. 1) to guide our empirical investigation into

146the possible impact of a RCE on organizing learning activities inside high-technology firms
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147(Ford & Slocum, 1977; Khandwalla, 1972; Hitt, Ireland, & Stader, 1982). Our motivation is

148to gather empirical support from Asia, that there are perceivable structural differences

149between the manufacturing firms operating within a stable environment and those operating

150within a rapidly changing and often highly volatile environment. Dill (1958) had long

151argued that environment influences how a firm is organized in terms of its autonomy. Here,

152we are focusing on the impacts of rapid change in technology as environment on

153technology-based organizations (i.e., manufacturing firms) in organizing for worker training.

154This is our rationale for isolating microelectronics firms for analysis within our manufac-

155turing sample.

156Singapore, as a national site, is an appropriate choice to ground the investigation as it is a

157highly popular production base for many leading electronics firms such as Seagate, Motorola,

158AT&T (now Lucent Technology), among many others. We focus mainly on perceptible

159difference in organizing learning activities, skills building, and knowledge gathering (or

160cumulatively ‘‘training’’) among production workers, between firms operating in contrasting

161environment: stable versus rapidly changing.

162Our research design involved the use of controls during the testing of our hypotheses.

163Prior to statistical analyses, we instituted controls to the sample responses collected. This is

164consistent with our earlier analytical design (Foo, 1990b). First, we selected only firms

165within the manufacturing sector for analysis. Then, we instituted controls by isolating the

166perceptual responses of electronics firms (high-technology, rapidly changing, and highly

167volatile environment) from those from conventional manufacturing (relatively stable envir-

168onment). This is to facilitate us in validating our hypothesis that in environment where there

169are inflows of rapidly changing, fast-moving new technology, the level of training in such

Fig. 1. Framework of hypotheses related to labor technology and worker training.
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170firms tends to be higher than that in a relatively stable environment. This leads us to our

171first hypothesis:

172Hypothesis 1: Training is higher in high-technology firms where the environment is

173rapidly changing.

174175We argue that under conditions of stability and predictability, firms tend to experience a

176more lax environment, hence, being able to schedule training to be timely and in-step with

177changes made to production technology. Thus, we expect the implementation of technology

178for labor efficiency to be significantly (significant at the .05 level) correlated with worker

179training for firms operating in a stable environment. In other words, training is being stepped

180up when there is increased use of labor technology for productivity gains. Reframing our

181intuitive argument as a hypothesis, we may state the following:

182Hypothesis 2: In a stable environment, training is in-step (correlated) with techno-

183logy change.

184However, in an environment where rapid change is a consequence of changing new

185technology, we argue that firms have to sustain training independent of specific implementation

186of new technology (embedded in new productionmachinery). In other words, training is less in-

187step with the influx of technology change. Thus, we have the third hypothesis as follows:

188Hypothesis 3: In a RCE, training is independent of technology.

189190Next, we exercised control for union presence. In so doing, we want to be able to refine our

191theory on the possible roles of collective voice through unionization, building on earlier

192research (Foo, 1991a, 1991b). The impact of union presence is an exciting variable for us to

193investigate, especially in the context of Singapore where the national body for trade unions—

194the National Trade Union Council (NTUC)—is constantly promoting the training and

195upgrading of workers’ skills. Therefore, we expect some measurable impact of union presence

196on workers’ training, especially when labor-saving technology is being implemented.

197We will proceed to theorize on possible influences of union presence. If the union

198emphasizes training as a general strategy for improving the all-round skills of workers and

199their continual development—as is the strategy adopted in the electronics industry—then,

200union interventions are independent of technology change and implementation. Hence, we

201do not expect any correlation between labor technology use and production worker training

202that is statistically significant (at the .05 significance level) with union presence.

203Conversely, it is also possible to argue that where the amount of training is inadequate,

204and where workers have to learn to operate machinery embedded with new technology,

205union would intervene to influence training. If largely so, such interventions would be

206reflected in statistically significant correlation between labor technology use and production

207worker training. This could happen within electronics firms, given that union would be

208concerned (viewing that union members do pay dues) that its workers survive the fiercely

209competitive environment.
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210The opposite situation takes place when there is a lack of collective voice. In the ab-

211sence of the union, firms may budget for training when technology is being implemented

212out of consideration for productivity gain. Such training yields immediate and tangible

213economic returns when production workers are able to operate the new machinery. If so,

214we expect a significant pattern of correlation between implementation of labor technology

215and production workers’ training. Training is thus organized only as and when firms re-

216quire implementation of new technology. These arguments lead us to formulate the follow-

217ing hypothesis:

218Hypothesis 4: Union impact is seen in both stable environment and RCE.

219220Extending on Hypothesis 4, we further theorize on the possible influence of firm size

221(Foo, 1990a, 1995). In theory, larger firms are more bureaucratic, structured, and have a

222greater slack in resources than smaller ones. As such, size may act as an effective buffer,

223enabling larger firm to be better able to respond in tandem with changes in technology.

224However, in rapidly changing, intensely competitive, and high-technology firms (as in the

225case of electronics firms), size could hardly be a buffer. Although firm size renders

226economy of scale in general, efficiency gain may be traded off when there are abrupt

227changes in technology. Since the much larger, high-technology firms had to be as rapidly

228responsive as the smaller ones in order to survive, their workers would be subjected to

229even greater pressure. If their workforce fails to assimilate the new technology quickly,

230such large firms may find themselves failing in their business. In other words, unlike

231firms in conventional manufacturing where the environment is stable and predictable,

232firm size is unlikely to result in any statistically significant correlation among the elec-

233tronics firms.

234In general, the management of the smaller firms is likely to require more agility, cost

235consciousness, and adaptability than the larger ones. In this regard, smaller manufacturing

236firms may more readily subscribe to providing training for their workers when new

237technology is implemented. We argue that this is more likely when the environment is

238stable, predictable, and where union is absent. This is because when union is present (as we

239theorized earlier), the union may exert pressure on the small manufacturing firms to

240emphasize all-round training, independent of technology implementation. Without union

241intervention, there is likely to be tighter coordination between when technology is imple-

242mented and when related training is provided for the workers.

243Size is likely to matter less where the environment changes rapidly. As we have argued,

244firms—whether small or large—in a RCE may have to sustain training in order to cultivate a

245habit of learning in the work force. This being the case, we do not expect any statistically

246significant correlation when the control for firm size is applied. Following the arguments

247forwarded, we formulate yet another hypothesis:

248Hypothesis 5: In a stable environment, the impact of the union is size dependent.

249Section 3 will provide highlights of the empirical procedure adopted and the database of

250responses collected.
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UNCORRECTED P
ROOF

ARTICLE IN PRESS

2513. Empirical procedures and database

252

2533.1. Controls

254We instituted controls in order to facilitate the empirical testing of Hypotheses 1–5. The

255controls are clearly mapped out in Fig. 2. For example, firm ‘‘a’’ refers to those within the

256manufacturing industry that are of high technology, large firm size and unionized context. In

257contrast, Firm ‘‘b’’ refers to those within the manufacturing industry, but not of high

258technology (outside box ‘‘high technology’’), though of unionized and small firm size

259(outside box ‘‘large’’) context.

260To control for environmental volatility, we ran through the individual responses from our

261sample of manufacturing firms (having removed firms from the ‘‘services’’ sector) to identify

262those from the electronics industry. The respondents had been asked to reveal their industry in

263the survey instrument. In so doing, we avoided the controversies evident in the literature

264concerning the measurement of environmental uncertainty. Take, for example, the debate

265between quantitative versus qualitative, perceptual versus objective (Downey & Ireland,

2661979; Downey & Slocum, 1975); on the complexity of state, effect, and response concerning

267uncertainty (Milliken, 1987); and on the different dimensions depicting the environment

268(Tung, 1979). By identifying the electronics firms from the larger manufacturing sample, we

269are implicitly assuming that the major source of volatility in the smaller sample of electronics

270firms is technological.

271

2723.2. Database

273The very large-scale sample (N=1621) used in our analysis is an extension to an earlier 1988

274database of perceptual responses concerning corporate productivity improvement practices

275(Foo, 1990b). That 1988 database (N=70) was built up by the first author himself, who both

Fig. 2. Framing the analysis by use of controls.

F. Check-Teck, L. Tuck-Suen / Journal of High Technology Management Research 80 (2002) 1–218



UNCORRECTED P
ROOF

ARTICLE IN PRESS

276designed and administered the survey instrument. He did that in the capacity as an instructor of a

277productivity improvement program held under the aegis of the National Productivity Board

278(NPB) of Singapore (now known as the Productivity Standards Board, PSB).

279Such a massive database capturing the perceptions of corporate productivity practices is

280rarely available, especially from firms in Asia. This was only possible through the collaborative

281efforts of other instructors who assisted in the administration of the same instrument to a wide

282array of participants over a period. The main and first author continued to use the instrument to

283gather data from the workshops that he conducted himself from 1988 to 1993. The second

284author, as a research student, then helped to extend the database from 1994 to 1995 by

285coordinating the data collection effort of the other instructors at theNational ProductivityBoard.

286The sample characteristics (40.5% manufacturing, 55% services, and 4.5% government) of

287the extended database (which we shall name the Center for Engineering and Technology

288Management, CETM, database) is given in Table 1. From this extended CETM database, we

289extracted our manufacturing subsample (n=496). These are firms who clearly described the

290nature of their business as ‘‘manufacturing’’ in the instrument. Details of this subsample are

291given in Table 2, where 60.9% (n=302) are classified by us as operating within a stable

t1.1Table 1

Sample characteristics of the entire sample t1.2

Frequency (n=1621) % t1.3

Manufacturing 657 40.5 t1.4
Services 892 55.0 t1.5
Government 72 4.5 t1.6

t2.1Table 2

Characteristics of the manufacturing sample of firms t2.2

Frequency (n=496) % t2.3

Market environment t2.4
Stable 302 60.9 t2.5
Rapidly changing 194 39.1 t2.6

t2.7
Firm size t2.8
Small 153 30.8 t2.9
Large 343 69.2 t2.10

t2.11
Union presence t2.12
No 289 58.5 t2.13
Yes 205 41.5 t2.14

t2.15
Respondent level t2.16
Top management 23 6.7 t2.17
Middle management 220 44.5 t2.18
Supervisory 144 29.1 t2.19
Nonexecutive 97 19.6 t2.20

F. Check-Teck, L. Tuck-Suen / Journal of High Technology Management Research 80 (2002) 1–21 9



UNCORRECTED P
ROOF

ARTICLE IN PRESS

292environment (manufacturing firms other than those in electronics) and 39.1% (n=194) as

293operating within a RCE (firms in electronics sector).

294For analytical purposes, we split the manufacturing firms into an ‘‘all other industries’’

295subsample (n=302)—typified as operating in a ‘‘stable’’ environment, and an ‘‘electronics’’

296subsample (n=194)—typified as operating in ‘‘rapidly changing’’ environment. After the

297split, we were surprised at some striking similarities between the sample characteristics of the

298two subsamples. They are as follows.

299First, there is a similarity in terms of distribution of responses according to organizational

300hierarchy. Top management comprised of 7.6% for the sample of firms from all other

301industries, compared to 5.2% for the sample of firms from electronics.

302Similarities are also observed across other levels: middle management, 46.2% versus 42%;

303supervisory 28.2% versus 30.6%; and nonexecutive 17.9% versus 22.3%.

304Second, there is a similarity in terms of the proportion of firms with union presence. It is

30543% in the all other industries sample and 39.2% for the electronics sample.

306Third, there is a similarity in firm size distribution, even after having applied the difference

307in criteria for dichotomizing the sample into small versus large category according to the

308nature of the industry. Small firms comprised of 28.5% in the all other industries sample and

30934.5% in the electronics sample. We had scaled <500 employees as small for electronics firms

310but kept to <100 for manufacturing firms outside of electronics (this being consistent with

311Singapore’s industrial average) (Tables 3 and 4).

312The Likert five-point scale is used in the instrument to reflect the responses for each survey

313item: 1=none, 2=little, 3=some, 4=large, and 5=very large. The two groups of survey items

314relevant in this paper are the perceptual measures on the extent to which (i) labor-saving

315technology and (ii) training and education for production worker are emphasized in

316improving productivity. A brief description is given in an earlier paper of this journal

317(Foo, 1997). In addition, for consistency with earlier results, we keep to correlation analysis.

t3.1Table 3

Characteristics of firms from other manufacturing industries t3.2

Frequency (n=302) % t3.3

Firm size t3.4
Small 86 28.5 t3.5
Large 216 71.5 t3.6

t3.7
Union presence t3.8
No 171 57.0 t3.9
Yes 129 43.0 t3.10

t3.11
Respondent level t3.12
Top management 23 7.6 t3.13
Middle management 139 46.2 t3.14
Supervisory 85 28.2 t3.15
Nonexecutive 54 17.9 t3.16

Small firm: 100 or less employees. Large firm: >100 employees. t3.17
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318Section 4 will evaluate the hypotheses established in the light of the results from this large-

319scale database of perceptions on corporate productivity practices.

3204. Results

321First, we discuss the implementation of labor-saving technology (Table 5). On the whole, it

322is clear that emphasis on labor-saving technology implementation is higher for firms

323operating within a RCE. This is easily explained by the intense competition faced by firms

324in the electronics industry. One strategy to survive both the rapid rate of change caused by

325new technology, and the intense competition in the industry, is to be efficient, effective, and

326timely in implementing new technology (see earlier discussion).

t5.1Table 5

Means on labor technology use t5.2

Change t5.3

Sample Stable environment RCE t5.4

Small companies n=85, 3.26 n=65, 3.42 t5.5
Large companies n=214, 3.42 n=127, 3.68 t5.6
Nonunion companies n=168, 3.26 n=115, 3.57 t5.7
Unionised companies n=129, 3.50 n=74, 3.62 t5.8
Small nonunion companies n=64, 3.02 n=49, 3.39 t5.9
Small unionised companies n=20, 3.95 n=16, 3.50 t5.10
Large nonunion companies n=104, 3.40 n=66, 3.70 t5.11
Large unionised companies n=109, 3.42 n=58, 3.66 t5.12

n=sample size. t5.13

t4.1Table 4

Characteristics of first from microelectronics industry t4.2

Frequency (n=194) % t4.3

Firm size t4.4
Small 67 34.5 t4.5
Large 127 65.5 t4.6

t4.7
Union presence t4.8
No 118 60.8 t4.9
Yes 76 39.2 t4.10

t4.11
Respondent level t4.12
Top management 10 5.2 t4.13
Middle management 81 42.0 t4.14
Supervisory 59 30.6 t4.15
Nonexecutive 43 22.3 t4.16

Small firm: 500 or less employees. Large firm: >500 employees. t4.17
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327The only exception, and therefore intriguing, is the small but unionized firms operating in a

328RCE. The emphasis (3.50) is lower than similarly controlled firms operating in a stable

329environment (SE; 3.95). The result suggests significant influences of the union inside the

330smaller electronics firms. One other possibility, of course, though remote, is that the result is

331the outcome of chance.

332A persuasive argumentative angle would be to see the union as a restraining force. In other

333words, the union may curtail management in their aggressive implementation of new

334technology, especially that of the variety that ruthlessly substitutes workers. Another more

335likely possibility—more so for firms originating from the US where unionism is antagonistic

336rather than those from Germany or Japan where unionism is cooperative—managers may

337view the presence of union as threatening to their independence.

338Consequently, managers in these firms could deliberately underinvest in technology,

339resulting in these perceptions.

340With the above as background, we turn to our first hypothesis (see Hypothesis 1).

341Looking at simple statistical means on production workers training, we find that across the

342various controlled samples of RCE firms, they are observed to be consistently higher

343(Table 6). The result suggests that learning through ‘‘some’’ (>3.00) extent of training is

344essential for firms operating in a RCE. As we had argued earlier, production workers in

345electronics firms have to learn in order to cope with the continuous influx of new technology.

346This is observed as well in the case of the small, unionized, electronics firms, where training

347is perceived to be considerably higher (3.59 vs. 2.30) than those of the small, unionized,

348conventional manufacturing firms. This is despite our earlier surprising result, where we find

349the implementation of technology in the small, unionized electronics firms to be lower (i.e.,

3503.95 vs. 3.50). Clearly, without the production workers mastering new skills through training,

351high volume production and quick turnaround times are unlikely to be realized. This is to be

352expected, given the fact that over the last decade, we had seen some of the most rapid,

353sudden, and sustained technological changes within the electronics industry.

354We turn to the next hypothesis (see Hypothesis 2).

355The data analysis provides a picture consistent with our hypothesis. In a stable and

356predictable manufacturing environment, the learning of production workers via training is

t6.1Table 6

Means on production workers’ training t6.2

Change t6.3

Sample Stable environment RCE t6.4

Small companies n=82, 2.52 n=65, 3.18 t6.5
Large companies n=213, 3.00 n=126, 3.39 t6.6
Nonunion companies n=166, 2.86 n=116, 3.28 t6.7
Unionised companies n=128, 2.86 n=76, 3.38 t6.8
Small nonunion companies n=62, 2.60 n=49, 3.04 t6.9
Small unionised companies n=20, 2.30 n=17, 3.59 t6.10
Large nonunion companies n=104, 3.02 n=67, 3.45 t6.11
Large unionised companies n=108, 2.96 n=59, 3.32 t6.12

n=sample size. t6.13
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357achieved in-step with the implementation of labor technology for productivity improvement.

358Such a tendency, however, appears to be independent of firm size (see Table 7) [small

359companies (n=82), .3843 at the .001 level of significance; large companies (n=212), .2996 at

360the .001 level of significance].

361The idea of environmental influence is central to this paper. We argue that a stable and

362predictable environment serves as enabling conditions to facilitate firms in organizing training,

363learning, and skill-building activities of production workers in an in-step manner with

364technology use. Environmental predictability enables firms to better relate training emphasis

365to technology implementation. In such a context, manufacturing firms implement learning

366largely in tandem with technology change (Boulton, Lindsay, Franidin, & Rue, 1982).

367Next, we turn to our third hypothesis (see Hypothesis 3).

368The data provides support for Hypothesis 3. We find that in the contrasting environment of

369rapid changes, there is an absence of any such correlation among high-technology firms.

370Clearly, one core competitive edge for firms in the electronics industry is to be ‘‘strong’’ in

371implementing high technology. Management in electronics firms, like their counterparts in

372conventional manufacturing, has to emphasize training when implementing technology:

373Production workers still need to acquire new skills in order to operate new machinery

374embedded with new technology. The following provides a few perspectives with regards to

375the lack of correlation observed.

376One explanation may lie in the fact that production workers within the electronics industry

377are already highly skilled. However, such is unlikely the case in Singapore. The electronics

378industry absorbs labor inputs from essentially the same pool of workers. These production

379workers are unlikely to be better educated than the others. Despite the lack of differential in

380education, competitive pressures, however, require workers in electronics firms to be quicker

381in adapting and faster in learning. We opine that the explanations for the lack of correlation

382are likely to lie elsewhere.

383Another more plausible explanation is that such in-step and technology-dependent

384implementation of training alone is inadequate for production workers to become effective

t7.1Table 7

Labor technology and production worker training correlations t7.2

Change t7.3

Sample Stable environment RCE t7.4

Small companies 0.3843*** (n=82) 0.1586 (n=64) t7.5
Large companies 0.2996*** (n=212) 0.0706 (n=123) t7.6
Nonunion companies 0.416*** (n=165) 0.0314 (n=113) t7.7
Unionized companies 0.2157* (n=128) 0.2300* (n=74) t7.8
Small nonunionized companies 0.4882*** (n=62) 0.0731 (n=48) t7.9
Small unionized companies 0.2399 (n=20) 0.3148 (n=16) t7.10
Large nonunionized companies 0.3477** (n=103) �0.0565 (n=65) t7.11
Large unionized companies 0.2492** (n=108) 0.2049 (n=58) t7.12

* Statistical significance: P=.05. t7.13
** Statistical significance: P=.01. t7.14
*** Statistical significance: P=.001. t7.15
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385in coping with the violent changes in the technological environment (Koberg, Sarason, &

386Rosse, 1996). Failures by electronics firms to cope effectively with rapidly changing

387technology environment often imply an impending ‘‘death’’ (Nicholls-Nixon, 1995). Or less

388drastically perhaps, such failures of production workers to learn and implement new

389technology quickly often lead to an underachievement of strategic goals, poorer economic

390performance, or both (Bourgeosis, 1985; Grinyer et al., 1980).

391The contrast in the pattern of correlation is intriguing. Clearly, firms in the highly volatile

392electronics industry are emphasizing training and learning of skills among production

393workers independently of new technology implementation. Yet, organizing training and

394learning activities for production workers inside electronics firms ought to be a major

395structural adaptation to survive environmental volatility (Ardekani, 1986). This is reflected in

396part in the level of training being emphasized (as discussed earlier): The training of

397production workers in electronics firms is perceptually higher when compared to those in

398conventional manufacturing.

399We suggest the following additional insights:

4001. We argue that for electronics firms to surmount difficult and volatile environment, the

401training activities of the production workers have to be deeply integrated and ingrained

402into the corporate culture.

4032. Another way of putting it is that learning by the production workers has to be sustained

404such that it becomes integral to their work life, and in some cases, part of their daily

405routine.

4063. Learning new technology must necessarily become part of the mindset of the production

407workers, in order for an electronics firm to outperform its competitors.

408

409From these correlation analyses, we observe that the training and learning activities of

410production workers in the electronics firms are largely independent of technology imple-

411mentation, as we had anticipated. Learning, adaptable, and flexible production workers are

412essential if electronics firms are to continuously absorb the influx of technology changes

413taking place.

414There could, however, be yet another plausible explanation. The influx of new technology

415within the electronics industry is highly random and unpredictable despite its increasing

416frequency, or even rapidity. As such, systematic and technology dependent training are not

417reflected as statistically significant correlation. In other words, no discernible pattern in

418correlation is possible in such highly volatile circumstances.

419Further, with our controls on the sample being limited to only the high-technology

420electronics firms, it is not possible to probe into intermediate technology situations—a

421potential avenue for extending our current research. However, it remains attractive for us to

422hypothesize a pattern of decreasing technology-training correlates in an increasingly uncertain

423environment, as we believe is validated in a high-technology context (Bourgeosis, 1978).

424Another possibility for the lack of statistically significant correlation may also be due to

425the situation where both the levels of training and technology emphasis are already high in

426the electronics sample. The more interesting results, however, are to be found in the
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427exceptions. The lack of such statistically significant relationships suggests that the

428underlying phenomenon may be more complex than apparent. This leads us to the next

429hypothesis where we probe for deeper insights via the institution of control for union

430presence (see Hypothesis 4).

431Our result bears out to be consistent with the hypothesis. Interestingly, we found that the

432correlation emerging out of the unionized electronics firms to be statistically significant

433(.2300, n=74, .05 level of significance), whereas that emerging out of the nonunionized

434electronics firms to lack statistical significance. We are inclined to argue that union presence

435ensures some, though not too functional, coordination between training for workers and

436technology implementation. In sharp contrast, statistically significant correlation (.416,

437n=165, .001 level of significance) is found in nonunionized manufacturing firms operating

438in a stable environment.

439Clearly, in the absence of the union, the training of production workers is strongly and

440tightly coordinated as to be in-step with technology implementation for firms within a stable

441environment. With union presence, the correlation between training and technology is still

442statistically significant, but far weaker (.2157, n=128, .05 level of significance). In other

443words, union presence has a decoupling effect on the training and technology relationship.

444Now, we turn to our firm size-related hypothesis (see Hypothesis 5).

445Arguably, it is easier for smaller firms to coordinate and synchronize training to technology

446implementation. This is clearly demonstrated in our result, where in nonunionized context,

447the correlation for the large companies is statistically less significant (.3477, n=103, .01 level

448of significance) than that for the small companies (.4882, n=62, .001 level of significance). In

449the unionized context, the result is even more sharply contrasting. The correlation of training

450and technology implementation for the small, unionized companies is not statistically

451significant at all. In the large, unionized companies, the correlation (.2492, n=108, .01 level

452of significance) is moderately high and statistically significant. The result therefore supports

453our intuitions that union impact is size dependent within the context of a stable and

454predictable environment.

455In Section 5, we will map out our findings in order to extend on the conceptualizations

456suggested by Burns and Stalker in the 1960s.

4575. Burns and Stalker in extenso

458To generalize the detailed results from the empirical database, we provide an abstracted

459presentation in Fig. 3B.

460Clearly (see Fig. 3B), there is an interestingly sharp contrast in the pattern of correlation

461between firms operating in a stable, predictable environment, and those in a rapidly changing

462one. One could remark in passing that organizing learning activities by firms for production

463workers in a stable manufacturing environment is largely independent of firm size (i.e., small

464vs. large) and is tightly coordinated and in-step with the implementation of technology. To

465borrow from Burns and Stalker’s terminology, training takes place more mechanistically: this

466happens, then that occurs.
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467At the other end of the volatility spectrum, training within firms in a RCE (as in the

468electronics industry), though more highly sustained and emphasized (as it is perceived to be

469at a higher level), appears to be independent of technology implementation. It is common

470knowledge that in the electronics industry, the infusion rate of new technology is very

471rapid, sudden, and takes place in an unpredictable influx. The empirical results provide for

472us a basis to extend on the mechanistic–organic schema originated by Burns and Stalker in

473the 1960s.

474We wish to extend from Burns and Stalker’s idea of the organic to the neural (see Fig. 4).

475We believe that a new paradigm has to be construed to facilitate technology firms, especially

476the high-technology ones, to better manage the learning processes of production workers.

477Additionally, since learning takes place predominantly in the workers’ minds, neuronal

478studies on the processes of our human brain ought to be sources of inspiration. In other

Fig. 3. (a) Pattern of labor technology and production worker training correlations. (b) Contrasting pattern in labor

technology and production worker training correlations.
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479words, our electronics firms may be required to be not only organic, but also neural (to be

480discussed later). Production workers are increasingly expected to learn on their own (e.g., via

481self-learning on the Internet) in order to cope with swift and unexpected changes in new

482technology. Firms at the cutting edge of technology change are under intense pressure to

483adapt quickly, or risk becoming part of ‘‘history’’—drawing the analogy from Darwin’s

484‘‘survival of the fittest.’’

485To conclude, we invoke a new paradigm—the neural firm.

4866. Neural firm: towards a new paradigm

487Earlier literature had already recognized the deterministic roles of environment in shaping

488the internal organization of firms (Dill, 1958). In a volatile, rapidly changing, and high-

489technology environment, firms must nurture production workers to be capable of unlearning

490old and obsolete methods of working to quickly learn new technology in order to cope with

491current changes (Cohen & Levinthal, 1990). Within the fast-moving electronics industry,

492technological changes are sudden, intrusive, often pervasive, and overwhelming.

493There is, however, a paradoxical lesson on organizing—the more intense the rate of

494change, the greater the need for less complexity in organizing (Galbraith, 1973). It brings us

495beyond the deployment of organization devices such as differentiation and integration

496(Lawrence & Lorsch, 1967). Organizations that are ordinarily rational, natural, and open

497(Scott, 1981) had to additionally become neural in order to cope with such rapid changes in

498the environment (Fig. 5) (Jauch & Kraft, 1986).

499We derived the model of the neural firm from McCulloch and Pitts’ biologic neuron. The

500basic idea is that people in firms that are constantly under intense environmental pressure

501cope with changes through fast learning. In applying neural analogy, workers have to behave

502like ‘‘neurons’’ in the brain and display high self-organizing ability.

503Thus, when existing machinery becomes useless through rapid obsolescence—now months

504rather than years—workers must quickly interconnect themselves to newer technology in

505order for the firms to survive. Useless machinery is akin to a damaged part of the brain.

Fig. 4. Burns and Stalker in extenso.
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506Workers need to learn to act like neurons in responding to such obsolescence. Supposing the

507eye is hurt, the cells inside the brain will quickly reorganize themselves to minimize any

508negative impact. These cells will strive to ensure that other sensing functions are enhanced to

509compensate for such a loss.

510As highlighted earlier, machines, too, are becoming more human. They are acquiring

511intelligence through breakthroughs in development of neural technology. As the survival of

512firms in a RCE rely increasingly on the speed at which workers ‘‘cointegrate’’ with new

513technology, effective learning will become a necessary criteria. In other words (as the

514empirical result suggests), rather than seeing training as an immediate response to technology

515change, such firms need to view training as analogous to ‘‘glial cells.’’ These glial cells are

516necessary for sustaining and supporting the activities of the neurons (Sylwester, 1995).

517Similarly, a glial-like presence of a learning culture, brought about through training and

518education of the production worker, will determine whether production workers are quick

519enough to cope with new technology [see Fig. 6—a juxtaposition of the firm (brain) and

520worker–technology synergy (neurons)].

521Such ‘‘synapses’’ (worker–technology, as well as worker–worker) are more likely if

522training is sustained independent of technology change. Continuous learning fosters efficient

523synapses of interactions between the worker and machinery. Such synapses promote growth

524in the reservoir of tacit knowledge (Winch, 1999) that are stored as memory (being the

Fig. 5. Neural firm.
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525patterning of synapses). This is the reason why we argued for a lack of statistically significant

526correlation between training and technology implementation in the sample of electronics

527firms. We are indebted to Sherrington (1897) who first gave neurological literature the term

528‘‘synapse’’ and argued that ‘‘synapse’’ is strategic in learning. Sherrington made an

529interesting statement concerning nerve cells in the brain:

530. . . the nerve cells directs its pent-up energy towards amplifying its connections with its

531fellows, in response to the events which stir it up. Hence, it is capable of an education

532unknown to other tissues . . . (p. 1117).
533

534Applying the analogy of the brain to the firms, we may argue that a high-technology firm’s

535success, in an environment so taxed and vexed by rapidly changing production technology, is

536dependent on her ‘‘plasticity’’—a concept familiar to neurologists and psychologists.

537Plasticity implies an inherent quality nurtured within firms that enables them to sustain a

538culture of learning, in order to function neurally like the brain. This is in relation to the brain’s

539self-organizing qualities.

Fig. 6. Brain of the firm.
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540A ‘‘plastic’’ firm is more than just being characteristically flexible. Production workers

541operating in a culture of high training and learning are able to self-learn. Like nerve cells in the

542brain, they possess the skills to ‘‘synapse’’ themselves onto new and emerging technology. This

543ensures the continual survival of the firms that are ‘‘injured’’ by obsolescent technology.

544To sum up, in understanding the tenacity to survive, we need look no further than our own

545brain (e.g., Dutton, 1999; global brain) for metaphors on coping with rapid and unexpected

546changes. However, we do need to go a step further in integrating physiological knowledge

547about the workings of the brain (Weiss, 2000) to practices in implementing training for

548production workers.
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