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ABSTRACT
We aim to address inconsistencies in the research literature regarding whether exploration and
exploitation compete with or complement each other in their effect on radically innovative team
outcomes. This study takes into consideration the moderating effect of team learning behavior,
which includes seeking or providing feedback, sharing information, and elaborating taskrelevant information, and team promotion focus, which refers to the motivation for innovation.
Using results obtained from 108 R&D teams from 6 high-tech organizations, our findings show
two ways to achieve radical innovation performance. Both are characterized by a high level of
exploration; however, the level of exploitation and of learning behavior in each of them is either
high or low. Against our expectations, promotion focus does not modify the effect of
exploration and exploitation on radical innovation performance. While promotion focus is
usually assumed to be positively associated with team innovation, we counterintuitively show
that when the level of exploration is high, a low (compared to high) level of promotion focus
leads to increased radical innovation.

Managerial relevance statement
The paper’s expected contributions to practice are three-fold. First, managers can improve
their organization’s radically innovative performance by encouraging both exploration and
exploitation while promoting learning behavior at the same time. Thus, managers should not
be concerned with implementing the exploitation-oriented approaches prevalent in concurrent
engineering in their R&D units. R&D projects may benefit from activities stemming from
quality engineering approaches, including exploitation-oriented practices, without concerns
about a possible deterioration of radical innovation. The paper’s second contribution to
practice is that high levels of radical innovation can be achieved through a combination of
high levels of exploration together with low levels of exploitation and of learning behavior.
The results of such a setup are not much different than those achieved by having high levels
in all three factors simultaneously. Thus, managers can choose the combination that best fits
their needs. Lastly, while a motivation to achieve accomplishments and aspirations (i.e.,
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promotion focus) is usually assumed to be positively associated with team innovation, our
counterintuitive findings are that when the level of exploration is high, a low rather than a
high level of promotion focus may be associated with higher levels of radical innovation.
Therefore, managers may consider the use of such a combination of levels of exploration and
promotion focus instead of maintaining high levels of both, since this may actually impede
the achievement of radical innovation.

Key words: radical innovation; exploration; exploitation; learning behavior; promotion focus;
prevention focus; R&D teams

INTRODUCTION
In today’s fiercely competitive marketplace, organizations striving to succeed need to
develop and provide their customers with radically innovative new products and services.
Innovation refers to “the successful implementation of creative ideas by an organization” [1, p.
332], [2]. Radically innovative performance refers to a significant deviation from existing
products and processes; and it involves high degrees of risk, uncertainty, and, potentially,
extreme success [2]. However, the research literature on innovation is not clear on how research
and development (R&D) teams reach radical innovation: should R&D teams engage in
exploration regardless of their current capabilities, or simultaneously promote exploration and
exploitation?
The opposing nature of exploration and exploitation has led scholars and practitioners to
argue that exploitation inhibits radical innovation. March [3] asserts that although exploration
and exploitation are both essential for organizations, they compete for the same scarce
resources. He claims that exploration and exploitation represent a distinction between the
refinement of an existing technology and the invention of a new one. Benner and Tushman [4],
who studied the implementation of process management practices (specifically, the
implementation of the ISO 9001 quality standard), claim that it is impossible to concentrate
efforts on exploiting by mapping, improving, and adhering to organizational processes and, at
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the same time, achieve radical innovation. This line of argument posits that investing in one
activity drives out the other and thus suggests that the two activities should be carried out
separately in terms of time and place [5], [6].
Other scholars and practitioners contrast the strict separation of conflicting activities and
argue that both exploration and exploitation are needed in order to achieve radical innovation.
Farjoun [7] suggests that stable mechanisms can enable radical innovation and specifies that
“when used effectively, bureaucracy, control systems, and formalization can be enabling and
can facilitate non-routine work, including radical innovation” (p. 213). Katila and Ahuja [8]
argue that a positive relationship exists between relatively high levels of exploitation (e.g.,
search depth), exploration (e.g., search scope), and product innovation. Gibson and Birkinshaw
[9] assert that it is possible to simultaneously achieve conflicting demands (such as alignment
and adaptability) not by relying on structural or temporal separation, but by building a
supportive business unit context. A system may have sufficient levels of internal complexity so
that tensions can be kept within it and managed, rather than organized “out” of the system [10].
Furthermore, other studies present a positive relationship between placing a focus on reliable,
efficient procedures and the innovative outcomes of such activities (i.e., [11], [12]). They
provide empirical support for the coexistence of the values of exploration and exploitation
represented by innovative and attention-to-detail behaviors [13], [2].
These mixed results generate confusion regarding the practices that are suggested for R&D
teams hoping to achieve radical innovation performance. On the one hand, due to the
contrasting nature of exploration and exploitation, the literature points to two main mechanisms
for separating and balancing these activities: structural ambidexterity and punctuated
equilibrium. The first mechanism implies a composition of highly differentiated but weakly
integrated teams and subunits, while the second mechanism refers to a temporal cycling
between long periods of exploitation and short bursts of exploration [5], [14]. On the other
hand, following the view that exploration and exploitation complement each other, systems
engineering approaches suggest that organizations should implement practices that ensure the
joint and simultaneous implementation of both types of activities within R&D teams. Examples
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of this perspective are concurrent engineering and a lean enterprise philosophy that emphasizes
a holistic and integrative approach to all organizational activities [15].
In this paper we aim to address the research literature’s inconsistencies regarding whether
exploration and exploitation compete with or complement each other in their effect on radically
innovative team outcomes. Specifically, this contribution is based on our counterintuitive
findings about two factors, learning behavior and motivation. Previous studies have already
suggested that learning behavior serves as a catalyst to achieve a balance between exploration
and exploitation [6]. However, we advance these results a step forward. While learning
behavior is usually assumed to be positively associated with team outcomes, particularly with
innovation [6], [2], we counterintuitively show that under certain levels of exploration and
exploitation there is a negative side to learning, and that the latter may not necessarily help
synergize exploration with exploitation. In addition, we advance from the prior assumption of
either separation or integration of exploration and exploitation, as discussed in the literature
(see above), to a situation where both separation and integration may lead to radical innovation
under given combinations of certain levels of exploration, exploitation, and learning behavior.
Thus, the contribution and the difference between this and previous studies regarding possible
catalysts for balancing exploration and exploitation is that, in the current study, we discover the
complex mechanism of learning behavior. When acting as a catalyst for balancing exploration
and exploitation, learning behavior operates differently depending on the level of exploration
and exploitation. To the best of our knowledge, this approach has never been suggested before.
Moreover, we do not refer only to learning behavior as a catalyst for balancing exploration and
exploitation, but also to motivation. While motivation, and specifically promotion focus
(motivation oriented toward achieving accomplishments and aspirations), is usually assumed
to be positively associated with team outcomes, we show counterintuitively that when the level
of exploration is high, a low rather than a high level of promotion focus leads to increased
radical innovation.

5

EXPLORATION, EXPLOITATION, AND RADICAL INNOVATION
In line with previous research, we focus on the team level since organizations increasingly
rely on teams in order to successfully innovate and deal with the complexity of new
technologies and information [2], [5], [9], [14], [15].
Learning behavior moderates the interaction of exploration and exploitation
In this section we first relate to the definition of exploration, exploitation, and learning
behavior, and then elaborate on their influence of radical innovation performance.
Definition of exploration, exploitation, and learning behavior. One reason for the
inconsistent nature of the relationship between exploration and exploitation and radical
innovation lies in the inadequate differentiation made between type of learning, meaning
exploration or exploitation, and learning behavior. Learning behavior refers to the processes
of seeking or providing feedback, sharing information, and elaborating task-relevant
information. Previous literature studies exploration and exploitation as two independent factors
([5], [8]) using two different definitional approaches. One approach “embrace[s] the idea that
both exploration and exploitation are associated with learning and innovation, albeit of different
types” ([5], p. 694); the other approach “treat[s] all activities associated with learning and
innovation as instances of exploration and reserve[s] the term ‘exploitation’ for activities in
which the central goal is using past knowledge rather than moving down any kind of a learning
trajectory”. A similar argument was also suggested by Lavie et al. [6]. Indeed, an overview of
earlier studies suggests that the definition of exploration and exploitation combines both type
of learning and learning behavior (see Table 1).
-----------------------------------------------------------INSERT TABLE 1 ABOUT HERE
-----------------------------------------------------------Therefore, in this study we distinguish between type of learning and learning behavior.
Exploration refers to activities such as search, increasing variation, experimentation, play,
flexibility, discovery, and risk-taking [3]. It emphasizes the breaking of existing paradigms,
openness to different ways of thinking, and experimenting. These exploration activities enrich
the knowledge pool by increasing the potential for using new or previously unavailable

6

variations of knowledge. Having a wide spectrum of variation ensures a sufficient extent of
choices to solve problems in a divergent way — a way that supports radical innovation [3].
Researchers agree that increased exploration positively affects radically innovative
performance (e.g., [2], [15]).
Exploitation refers to activities such as refinement, production, efficiency, selection,
implementation, and execution [3]. It emphasizes routinization, coordination, and process
repetition, and relates to current capabilities, thus preventing usage of and exposure to new
knowledge and market trends [15]. These activities contribute to resistance to change,
competency traps, and inadequate or inappropriate responses, and thus may hinder the
achievement of radical innovation [16]-[20].
Learning behavior [21] refers to a learning process that includes activities such as
seeking or providing feedback, sharing information, and elaborating task-relevant
information.1 It is important because team members need to engage in intensive information
elaboration processes that enable them to take advantage of unique information, knowledge,
and ideas that reside in distinct exploration and/or exploitation activities. This refers to the
extent to which team members exchange, discuss, and integrate advice, suggestions,
recommendations, ideas, knowledge, and insights from exploration and exploitation activities
[24].
Accordingly, if exploration and exploitation are considered to be activities related to
learning types only, learning behavior may support and accelerate both of them. This claim is
also espoused by Farjoun [7], who asserts that some learning mechanisms can support both
exploration and exploitation. Likewise, Smith and Lewis [25] recognize that "exploration and
exploitation reinforce one another through their interwoven support of organizational learning"
(p. 388). In summary, we suggest that exploitation, exploration, and learning behavior are
independent, though correlated, factors that exist simultaneously at various levels.

1

Other studies used alternative terms such as extensive communication [22] and learning

organization [23].
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The influence of the relationship between exploration, exploitation, and learning
behavior on team radical innovation performance. The previous explanation about the
independence of the three factors (exploration, exploitation, and learning behavior) allows us
to refer now to the influence of different combinations of these three independent factors on
radical innovation performance. We suggest that it is the three-way interaction between
exploration, exploitation, and learning behavior that has an impact on radical innovation. We
now explain this three-way interaction and specifically refer to four possible combinations of
its elements. All these combinations include a high level of exploration because, according to
Benner and Tushman [4], it is necessary to have a high level of exploration in order to
achieve radical innovation performance (see Table 2).
-----------------------------------------------------------INSERT TABLE 2 ABOUT HERE
------------------------------------------------------------When the level of learning behavior in the team is high, higher levels of exploration are
positively associated with radical innovation when the level of exploitation is high rather than
low. This is because high levels of learning behavior serve as a mechanism that stimulates the
linkage and connects the exploration of new knowledge with the exploitation of existing
capabilities. A high level of learning behavior supports synergic, enabling, and mutuallypermitting relationships between exploration and exploitation when the levels of these two are
high [7]. In addition, Farjoun [7] and Levinthal and Rerup [26] propose that stable mechanisms
and limits enable change and adaptability. In this respect, it is worth taking notice of Katila and
Ahuja’s [8] claim that “exploitation is important not just for fine-tuning and economizing the
efficiency of an existing technology but also for creating new knowledge” (p. 1191). Their
study further suggests that exploitation also has a role in “combining existing solutions to
generate new combinations”. A high level of learning behavior enables employees to use their
accumulated knowledge to recognize and facilitate the absorption and further development of
new knowledge [27]. It creates opportunities for team members to communicate, interact,
exchange knowledge and ideas, and better understand and work together on aspects relating to
both exploration and exploitation [28], [29]. It promotes willingness to embrace and appreciate
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different knowledge bases, and to better integrate the information. Under high levels of learning
behavior, the different types of knowledge related either to exploration or to exploitation are
appreciated by team members, who become more aware of the existing diversity of
perspectives. Both exploration and exploitation receive attention, and their interdependency is
recognized and shared [30], [31]. This allows members to take advantage of the unique
information, knowledge, and ideas associated with both exploration and exploitation. In
addition, high levels of learning behavior increase the amount of available resources because
both information and knowledge are expandable resources. March [3] claims that exploration
and exploitation compete less with each other when resources are readily available. In this way,
“exploitation is a more comprehensive concept than it is usually considered to be” ([8], p.
1191). Therefore, with a high level of learning behavior, exploitation constraints may accelerate
the positive relationship between exploration and radical innovation. Thus, the linkage between
high levels of exploration and of exploitation, stimulated by high levels of learning behavior,
increases the level of radical innovation performance (Table 2, combination 1).
In contrast, when the level of learning behavior in the team is low, such mutual
fertilization between high levels of exploration and exploitation is prevented, and exploration
and exploitation compete against each other. This situation occurs because learning behavior,
which serves as a mechanism connecting contradictory activities, is not emphasized and, as a
result, information sharing and knowledge transfer activities are reduced or eliminated. A low
level of learning behavior prevents the creation of connections, information channels, and
potential combined efforts between old ways of thinking, the reuse of existing knowledge,
and the use of new information [32]. In such cases, resources do not expand, and in a limitedresource situation, high levels of exploitation and exploration compete further against each
other because of the tension, elimination, and hindrance relationships between them [3], [7].
Thus, when the level of both exploration and exploitation is high and, in addition, the level of
learning behavior is low, exploitation’s intention to control processes and “attack” variation
conflicts with prescriptions for variation-increasing activities [4], and thus radical innovation
performance is harmed (Table 2, combination 2).

9

When the level of exploration is high and that of exploitation is low, a high level of
learning behavior that intensifies and magnifies dominant activities [33] results in an
extended focus on exploration. Learning behavior is a mechanism by which the aspects that
are already dominant become stronger. The argument that high levels of learning behavior
intensify and magnify dominant activities is in accordance with activation theory. This theory
suggests that a team context brings out, i.e., activates, dominant characteristics. Such
characteristics become more dominant when the environment, that is, the level of learning
behavior, encourages this to happen. Thus, a high level of learning behavior is a team
environment that encourages the domination of exploration and exploitation if they are
already at a high level [34], [35]. When the level of exploration is high and that of
exploitation is low, exploration is the team’s dominant characteristic and high levels of
learning behavior in the team intensify it [24]. Intensifying exploration when the level of
exploitation is low leads to an unbalanced situation that does not allow a mutually-permitting
relationship between exploration and exploitation [7], and as a result, radical innovation
performance is harmed. Thus, we suggest that the combination of high levels of learning
behavior with low levels of exploitation, and high levels of exploration leads to low radical
innovation (Table 2, combination 3). In this combination, the low level of radical innovation
performance is the price paid for the lack of equilibrium between exploration and
exploitation. The claim that more learning does not inevitably lead to better performance is
not new and has already been suggested in organizational literature [33].
Finally, a situation in which the level of exploration is high and that of both
exploitation and learning is low influences radical innovation in different way. When the
team’s level of learning behavior is low, it does not promote further and intensify either
exploration or exploitation. In this case, the team can benefit from the influence of
exploration on radical innovation, but it does not enjoy the benefit of the synergy of
exploration with exploitation (because the team’s levels of learning behavior and exploitation
are low). However, it also does not suffer any hindrance due to the tension between
exploration and exploitation. Given that exploration is a satisfied condition to achieve radical
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innovation [4], in this combination the level of radical innovation performance is high (Table
2, combination 4). Indeed, in this scenario radical innovation performance does not pay the
price of ignoring exploitation (as in Table 2, combination 3), and it benefits from the low
tension between exploration and exploitation.
Given the above, we hypothesize that:
Hypothesis 1. A three-way interaction between learning behavior, exploration, and
exploitation predicts radically innovative performance so that, when the level of learning
behavior is high, exploration and exploitation complement each other in their
relationship with radical innovation, i.e., exploration is positively associated with
radically innovative performance when the level of exploitation is high rather than low.
When the level of learning behavior is low, exploration and exploitation compete against
each other in their relationship with radical innovation, i.e., exploration is positively
associated with radically innovative performance when the level of exploitation is low
rather than high.

Promotion focus moderates the interaction of exploration and exploitation
Another reason for the inconsistent relationship of exploration and exploitation with
radical innovation may be due to the fact that the literature does not pay enough attention to the
motivational aspect involved in attaining radical innovation. None of the leading papers in the
field listed in Table 1 mention motivational aspects. A critical feature of radical innovation is
that, in order to achieve it, team members must be able to cope with failure and be determined
and highly motivated [36]. Exploration has less certain outcomes, longer time horizons, and a
more diffuse influence [3]. It has also been claimed that “exploration often leads to failure,
which in turn promotes the search for even newer ideas and thus more exploration, thereby
creating a failure trap” ([5], p. 695). Therefore, team members' motivational aspects play a
critical role in attaining radical innovation.
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Considering the motivation for innovating, Higgins [37] described two different ways in
which people regulate their actions: either through a promotion focus or through a prevention
focus. Individuals and teams that operate primarily within a promotion focus are more
concerned with accomplishments and aspirations, whereas a prevention focus emphasizes
duties and obligations. We suggest that the team’s specific motivation focus influences the
relationship between exploration, exploitation, and attainment of radical innovation.
The promotion focus is more relevant to radical innovation than the prevention focus, so
our theory refers mainly to promotion motivation [38], [39]. Nevertheless, because many
motivational focus studies refer to both promotion and prevention, we control for the prevention
focus effect (see the Control Variables section). We refer to the collective character of team
regulation, based on the suggestion by recent studies that individual team members’ regulatory
focus is shaped by team contextual cues, and that a team provides unique conditions that shape
its members’ regulatory focus [40].
We claim that looking into promotion motivation is critical when investigating exploration
and exploitation and their effects on radical innovation. Promotion motivation involves a
“risky” processing style in which novel alternatives are eagerly and actively sought, and
creative thought is enhanced while concentrating on positive outcomes [37], [41].
We argue that exploration and exploitation complement each other when operating under
a high level of promotion motivation. In other words, under such circumstances, a higher level
of exploration is positively associated with radical innovation when the level of exploitation is
high rather than low. Team members following a high level of promotion focus are motivated
to work and act toward the fulfillment of their wishes and aspirations, and are attentive to
positive outcomes in spite of exploitation constraints and restricted processes. Working under
a promotion focus encourages employees to persist in carrying out challenging, complex,
unfamiliar tasks [42], thus overcoming exploitation constraints or using them in a beneficial
way. A promotion focus bolsters creative insights and creative generation [41], which enable
both the exploration of new knowledge and the exploitation of existing capabilities. Motivated
team members enhance their cognitive flexibility, willingness to take risks, and openness to
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complexity, which in turn expands their access to ideas and potentially creative solutions [43].
High reliability organization theory [44] also supports such claims, suggesting that vigilance
resulting from exploitation activities requires creative thought that is enhanced by a promotion
focus in order to respond to constraints.
However, when the level of promotion motivation is low, we expect exploration and
exploitation to compete with each other. In this case, a higher level of exploration is positively
associated with radical innovation when the level of exploitation is low rather than high.
Working under a low promotion focus preserves the tension between exploration and
exploitation. The team members' motivation is not attentive to positive outcomes but to
restrictions and obstacles; thus, exploitation constraints inhibit exploration. Therefore, we
hypothesize that:
Hypothesis 2. There will be a three-way interaction between promotion, exploration, and
exploitation in predicting radical innovation performance so that, when the level of
promotion is high, exploration is positively associated with radically innovative
performance when the level of exploitation is high rather than low. When the level of
promotion is low, a high level of exploration is positively associated with radically
innovative performance when the level of exploitation is low rather than high.

METHODS
Sample
We tested our theoretical model in Israel, which is the second most innovative nation in
the world according to The World Economic Forum’s Global Competitiveness Report [45].
The sample consisted of 108 teams from 6 mature high-tech organizations. These organizations
develop,

operate,

and

produce

cutting-edge

innovations

at

the

semiconductors,

communications, and information technology segments. They act as major pioneers in their
fields, advancing new ideas and technologies. Our study sample included R&D teams focused
on targeted innovation outcomes in these segments. For example, one R&D team’s goal was to
develop a unique unit that would be able to connect, transfer, and receive information from
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multiple other systems, recognize different input formats, process the information received, and
send independent responses simultaneously to multiple systems that use different
communication formats. The team developed a unit that works fast, produces accurate
calculations, is lightweight, and does not overheat.
The number of teams in each organization was 35, 21, 21, 19, 7, and 5, respectively.
Altogether, the sample included 443 employees working in R&D teams who assessed the
independent and control variables, and 212 team leaders/managers who assessed the dependent
variable. Thus, the total sample size comprised 655 participants. The response rate was 90% in
each participating team. The average number of respondents per team was 4.1; the number of
respondents in each team ranged from 3 to 11. Out of the entire population participating in the
study, 23% were female and 77% were male. Team members’ age was distributed so that 45%
were 25-34 years old, 39% were 35-44 years old, 12% were older than 45 years old, and 4%
were younger than 25. The average number of years in the organization was 4.8 years (SD =
1.28), and the average number of years in the team was 4.12 years (SD = 1.39). Education level
was distributed so that 3.4% had high school education, 21% had technical education, 59% had
a B.Sc. or B.A. degree, 14.5% had M.Sc. or M.A. degrees, and 2.1% had a Ph.D. degree. Team
members filled out the independent-variable questionnaires.
For each team, 2 managers filled out the dependent-variable questionnaire indicating team
performance. Out of a total of 212 leaders/managers, 85% were male and 15% were female.
Their age was distributed so that 66% were 35-44 years old, 13% were aged 25-34, and 21%
were older than 45 years old. The managers’ response rate was also 90% in all participating
teams.
Measures
All questions were answered on a seven-point Likert scale from 1 (“To a very slight
extent”) to 7 (“To a very large extent”). See the Appendix for all scale items.
Independent variables. Team members were asked to rate the extent to which each
statement presented to them characterizes their team’s work. Exploitation was measured using
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5 items drawn from Miron, Erez, and Naveh [46]. Exploration was measured using 6 items
drawn from Miron et al. [46].
Moderator variables. Learning behavior was assessed using 6 items drawn from
Edmondson [21]. Although Edmondson’s original scale was published in a paper on
psychological safety, it has been extensively used for assessing learning in general [32], and
innovation-related learning in particular [47] - [50]. Team members were asked to state the
extent to which the statements presented to them characterize their team’s work.
Promotion focus was measured using 5 items drawn from Lockwood, Jordan, and Kunda
[51]. Employees were asked to rate the level of promotion focus characterizing their team’s
work.
Control variable. We controlled for prevention focus, because regulatory focus theory
posits that people are guided by both promotion and prevention as two distinct motivational
approaches. Prevention motivation involves a relatively risk-averse and vigilant processing
style in which repetition is favored over novelty and alternatives are carefully eliminated [37].
Prevention focus was measured using 5 items drawn from Lockwood et al. [51]. Employees
were asked to rate the level of prevention focus in their team.
Dependent variable. Radically innovative performance was measured using a 5-item
questionnaire adapted from Gatignon, Tushman, Smith, and Anderson [52] that includes
characterizations of team products. The two managers who filled out the dependent-variable
questionnaire for each team were highly familiar with the team’s innovation activities and
knowledgeable about the team’s fields of activities in general, and thus were capable of replying
to questionnaire items that refer to the team’s activities. In answering the questionnaire items
referring, for example, to the communications unit described above (in the Sample section),
these questionnaire items become concrete and tangible.
Procedure
The study included 2 data collection phases and lasted about 7 months. First, to learn about
team innovation processes and practices in the high-tech industry and the factors influencing
them, we conducted interviews in 3 of the participating organizations. Interviewees included
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the top management team manager, division manager, senior and junior managers, and 7 team
members. Each interview lasted from 30 minutes to 1 hour. The interviews included short visits
and explanations about innovation in the different teams. These visits and interviews enabled
us to gain a deeper understanding of how the organization’s employees and managers perceived
radical innovation. Following the interviews, we designed and administered the study
questionnaire.
In each participating organization we had a representative employee who cooperated and
helped us manage the collection of the data. We created an on-line survey (using
www.gizmo.com), and each participant received a direct link via email and filled it online. In
2 organizations, hard-copy surveys were used at their request.

RESULTS
Construct Validation
To test the structure of the independent, control, and dependent variables we conducted a
confirmatory factor analysis (CFA) using the SAS 9.3 CALIS procedure at the individual level
of analysis. The analysis was performed on variance–covariance matrices with pairwise
deletion of missing values. We employed a maximum-likelihood estimation method with robust
standard errors together with the Satorra–Bentler rescaled chi-square statistic [53].
The exploration, exploitation, learning behavior, promotion focus, and prevention focus
variables’ CFA yielded an acceptable fit level [54]: χ2(125, N = 443) = 318.06, p <.01, NNFI =
.95, CFI = .96, and RMSEA = .06. All the standardized factor loadings in the model were above
.60 (see the Appendix for the specific CFA loadings). To further support the distinction between
learning type and amount, and since some scholars treat exploration and learning behavior as
one factor, we tried another CFA. In this analysis, we tested a 4-factor structure that included,
in addition to exploitation, promotion, and prevention, the dimensions of exploration and
learning behavior as one single factor. This CFA yielded an unacceptable fit. The results
showed a clear preference for the 5-factor construct; NNFI=.85, CFI=.79, RMSEA = .10, ∆χ2(4,
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N = 443) = 420.94, p <.01). Thus, these results supported separating exploration from learning
behavior; see Cronbach’s Alpha in brackets in Table 3.
Level of Analysis
The independent variables of exploration, exploitation, learning behavior, and promotion
focus, and the control variable (prevention focus), as well as the dependent variable of radical
innovation, are considered group-level variables. That is, they reflect events occurring in a team
that are shared or experienced by all the individuals in the specific unit [55]. In order to justify
the aggregation of the individual responses to the average team level, we calculated the withinteam agreement (i.e., rwg agreement index; [56]). In addition, intraclass correlations (ICCs)
indicate whether the measures are sufficiently reliable to model effects at the team level [57].
The exploration, exploitation, learning behavior, promotion focus, and prevention focus scales
exhibited a sufficiently high average agreement (median rwg=.81, .82, .91, .88, .86,
respectively). Between-department effects based on the results of the one-way analyses of
variance (ANOVA) were significant at p<.05 for the 4 independent variables and the control
(prevention focus) variable, demonstrating that a significant proportion of the variance in
individual responses can be accounted for by team membership [58]. Intraclass correlations
were adequate, ICC(1) = .12*, .18**, .15**, .17**, and .07**, and ICC(2) = .35*, .46**, .42**,
.44**, and .23**, respectively (**p<0.01, *p<0.05). These statistics justified the aggregation
of the independent and control variables to the team level [57]. Therefore, we calculated the
mean score of each scale for each team by averaging the corresponding employees’ ratings, and
then assigned each team its mean score.
The scales of the dependent variable, radically innovative performance, exhibited a
sufficiently high agreement (median rwg=.96). Intraclass correlations (ICCs) indicated that the
dependent variable measure was sufficiently reliable to model effects at the team level (ICC(1)
= .63**, ICC(2) = .78**, **p<0.01). In order to demonstrate the measurement’s reliability, we
also calculated the correlation between the managers’ scores, which was relatively high (r =
.68). Therefore, we calculated the mean score of radically innovative performance for each
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team by averaging the 2 managers’ means scores, and then assigned each team its mean
performance score.
Hypotheses Testing
Table 3 summarizes the means, standard deviations, and correlations among the variables.
-----------------------------------------------------------INSERT TABLE 3 ABOUT HERE
------------------------------------------------------------The averages presented in Table 3 suggest that, on average, exploitation was higher than
exploration, and that learning behavior was higher than both exploration and exploitation. The
correlations presented in Table 3 suggest some initial evidence for our hypotheses, specifically,
both learning behavior and promotion focus were significantly and positively associated with
both exploration and exploitation. Thus, a higher level of learning behavior is associated with
higher levels of exploration and exploitation. However, except of the control variables of
organization seniority, team seniority and role seniority, all correlations are not at the .7 level
and actually far from it, suggesting that the variables are independent [59]. Together with the
CFA results presented above, these results support our theory that exploitation, exploration,
and learning behavior are three separate factors whose levels vary (as suggested in hypotheses
1 and 2).
Because of the data’s multilevel nested structure (a team within an organization), we used
a mixed model method of data analysis. Mixed models take into account the fact that teams
within one organization may be more similar to one another than to teams in other organizations
[60]. In order to test our hypotheses, we used the SAS MIXED procedure [61] suitable for
statistical models with non-independence of observations.
The analysis begins with the fitting of an unconditional null model in order to estimate the
total systematic variance in the dependent variable [60]. This analysis clarifies how much
variance resides within and between teams and organizations, and also serves as a foundation
for later analyses. To effectively partial out these teams’ and organizations’ variances, thereby
eliminating the potential lack of residuals’ independence, we coded for organizations (from 1
to 6) and teams (from 1 to 108). Using MIXED models, we regressed radical innovation on
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teams within organizations. The results of this null model indicated that the proportion of
between-organizations variance to total variance (that is, the ICC(1) value for the dependent
variable) was .38, χ2(102, N = 108) = 145.08, p <.01. These results justify modeling teams
within organizations as cross-level effects.
Table 4 presents 5 stepwise models we ran to test our hypotheses. Model 1 includes the
control variables. In Model 2 we added the two independent variables of exploration and
exploitation. In Model 3 we added the two moderators of learning behavior and promotion
focus and the 5 two-way interactions of: exploration and exploitation, exploration and learning
behavior, exploitation and learning behavior, exploration and promotion focus, and exploitation
and promotion focus. In Models 4 and 5 we added the three-way interactions between
exploration, exploitation, and learning behavior, and exploration, exploitation, and promotion
focus, respectively, while including the relevant two-way interactions.
-----------------------------------------------------------INSERT TABLE 4 ABOUT HERE
------------------------------------------------------------The results of Model 1 (Table 4) showed no significant effects for the control variables of
prevention focus, team size, gender, employee’s number of years in the organization, on the
team, and in the current position, and employee’s educational level. The control variables also
showed no significant effects in Models 2-5. In our sample, the age of the majority (84%) of
team members was in the range of 25-44 years old. More than 70% of the sample holds a B.A.
or M.A. degree. Also, the variables of team size, gender, employee’s number of years in the
organization, on the team, and in the current position showed little variance between teams. We
assume that it is due to these similarities that we did not find a significant influence of such
traits on the teams’ radical performance. Our sample is not unique, because these characteristics
are common in most high-tech firms.
The results of Model 2 (Table 4) did not show a significant main effect for exploitation
and exploration. The only two-way interaction that was significant in Model 3 (p < .1) is that
between exploitation and learning behavior. Model 4 showed a significant three-way interaction
between exploration, exploitation, and learning behavior on radical innovation, and also
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significant two-way interactions between exploitation and learning behavior and exploration
and promotion focus. To understand the nature of the significant interactions we followed the
graphing method outlined by Aiken and West ([62]; high and low are ±1 SD).
-----------------------------------------------------------INSERT FIGURES 1a & 1b ABOUT HERE
------------------------------------------------------------Figure 1a shows that when the level of learning behavior was high, higher levels of
exploration were associated with higher levels of radical innovation when the level of
exploitation was high rather than low. Figure 1b shows that when the level of learning behavior
was low, higher levels of exploration were associated with higher levels of radical innovation
when the level of exploitation was low rather than high. Thus, Figure 1a and 1b fit with the four
combinations presented between exploration, exploitation and learning behavior on radical
innovation (Table 2) and we confirmed Hypothesis 1.
Hypothesis 2 was not confirmed. The three-way interaction between exploration,
exploitation, and promotion focus was not significant (coefficient estimate = .14, SE = .23, p >
.1, Table 4, Model 5). The two-way interaction of exploration and promotion focus was
significant at a p-value of .08 (Table 4, Model 5). We followed Aiken and West’s [62] graphing
method.
-----------------------------------------------------------INSERT FIGURE 2 ABOUT HERE
------------------------------------------------------------Figure 2 shows that a high level of exploration was associated with higher levels of radical
innovation when the degree of promotion focus was low rather than high. Inversely, a low level
of exploration was associated with higher levels of radical innovation when the degree of
promotion focus was high rather than low.
DISCUSSION
This study investigates ways for teams to achieve radical innovation. In doing so, it
addresses the challenge of settling the previous inconsistent results on the separation and
integration of exploration and exploitation by referring to learning behavior and motivational
factors.
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With respect to learning, our analysis started by supporting the two definitional
components of type of learning, which relates to exploration and exploitation, and of learning
behavior. Confirmatory factor analysis showed that a model that distinguishes type of learning
from learning behavior has a better fit to the data. These results are in accordance with our
claim that the inconsistent nature of the relationship between exploration and exploitation and
radical innovation lies in the mixture of type of learning and learning behavior. We take the
relationship between learning behavior and exploration and exploitation a step forward by
referring to its simultaneous nature.
Our results support Hypothesis 1, and the crossover (X- shaped) interaction pattern (in
Figures 1a and 1b) supports the influence of the combinations of exploration, exploitation, and
learning behavior on radical innovation performance, as suggested and summarized by us in
Table 2. Our findings show that when the level of learning behavior is high, exploration and
exploitation complement each other (as suggested earlier by [2], [8], [13]). However, when the
level of learning behavior is low, exploration and exploitation compete with each other and thus
reduce the chances of reaching radical innovation (in accordance with earlier research by [3],
[4], [6]).
To date, studies tend to concentrate on one way to achieve radical innovation, either by
separating the type from the amount of learning or by integrating them. However, this paper’s
contribution suggests that high levels of radical innovation can be achieved using different
combinations of exploration, exploitation, and learning behavior. A review of the literature
suggests that this idea has not received much attention yet. Achieving radical innovation
through high levels of exploration, exploitation, and learning behavior may offer more benefits
for mature organizations because of the spillover of these activities into other organizational
performances. For example, exploitation is related to incremental innovative and quality
performances [13]; thus, high levels of both exploration and exploitation may support not only
a radically innovative performance but also incremental innovative and quality performances.
Future research may identify conditions under which each combination better fits specific
organizational conditions. Adopting a research approach that argues that radical innovation is
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not the result of a single combination of factors but rather of different such combinations raises
questions that can lead to new lines of study on radical innovation. For instance, what is the
combination that better fits a specific organization’s potential to generate radical innovation?
Another interesting question in regard to the results is whether the configuration of high
levels of exploration, exploitation, and learning behavior is costly compared to high levels of
exploration and low levels of exploitation and learning behavior, given that the two
configurations result in a similarly high level of radical innovation. Testing this question
empirically is beyond the scope of this study, but it provides an interesting direction for future
research. We suggest that the cost associated with each configuration is context–dependent;
therefore, no clear-cut answer can be provided to this question. The later-mentioned
configuration may be cheaper under some conditions and more expensive under others. Low
levels of exploitation are associated with a decreased emphasis on quality, so any combination
that includes low levels of exploitation may overall be costlier if quality suffers (for example,
the cost of quality discussed in [13]).
Regarding motivation (operationalized by promotion focus and prevention focus), earlier
studies treated promotion motivation as enabling a culture of creativity and innovation (e.g.,
[41], [63]), and the current study contributes the perspective of radically innovative
performance. In a similar fashion to the influence of learning behavior on exploration and
exploitation affecting radical innovation outcomes, we assumed that we would find
motivational aspects of promotion that are also positively correlated with such outcomes. Our
results did not support this hypothesis, i.e., the effect of the three-way interaction between
exploration, exploitation, and promotion focus on radical innovation was not significant.
Thus, the relationship between exploration and exploitation is not dependent on the level of
promotion motivation. Prevention focus, to which we related as a control variable, was also
not significant in its association with radical innovation. Although we did not expect a high
correlation between prevention focus and radical innovation, the zero-correlation obtained
here is indeed on the extreme side. One possible explanation may be that there was not
enough variance in the sample to identify differences in the correlation between prevention
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focus and radical innovation. These results may suggest that the relationship between
exploration and exploitation and radical innovation is less motivationally related and more
learning-dependent. In this respect, the findings support a line of study that relates to
exploration and exploitation as learning-oriented (e.g., [3], [8]).
Nevertheless, our results do suggest a significant interaction between exploration and
promotion focus: the highest level of radically innovative performance is achieved when the
level of exploration is high and the degree of promotion focus is low (Figure 2). This is
theoretically counterintuitive and interesting, because increased levels of both promotion focus
and exploration should lead to a higher degree of radical innovation. These results suggests that
when a team emphasizes exploration, a higher level of promotion motivation is not a
contributing factor; however, when the level of exploration is low, a high degree of promotion
focus can further support radical innovation. When the level of exploration is low, a high rather
than low level of promotion focus leads to higher levels of radical innovation, but this
relationship is not maintained when exploration is at a high level. High promotion levels may
lead to excessively high levels of risk-taking that eventually do not lead or contribute to
radically innovative outcomes. This result makes sense when we imagine how an innovation
journey develops [64]. At the beginning, movement is slow and every little push helps it
advance forward (when the level of exploration is low), but once the journey gets going (when
the level of exploration is high), additional pushes are barely noticeable. These results also
suggest some extent of substitution between exploration and promotion focus, because similar
levels of radical innovation were achieved with a combination of low levels of exploration and
high levels of promotion focus and a combination of high levels of exploration and low levels
of promotion focus.
A possible explanation for high levels of exploration and promotion focus resulting in low
radical innovation (Figure 2) may relate to the employees’ perception of promotion motivation.
In our study, promotion focus may be associated with negative feelings if viewed as extrinsic
motivation. Employees may express negative feelings toward extrinsic rewards, because they
view these rewards as tools to regulate their activities [65]. Reaching radical innovation requires
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tremendous efforts that carry with them a high level of risk. Thus, motivation is important.
However, if employees view the promotion mechanism as a tool to regulate their activities,
their motivation could find itself hindered instead of bolstered [65]. Future studies may look
into differences in the influence of exploration activities with various extrinsic and intrinsic
types of motivation. Another explanation may be that, since personality plays an important role
in achieving radically innovative performance [2], the emphasis on team-level promotion is less
affected when the individual level is highly dominant. It would be interesting to investigate this
line of thought in future research.
This result joins other studies’ inconsistent results regarding motivational aspects and
radical innovation. For example, Miron-Spektor and colleagues’ [2] insignificant results
concerning team potency, i.e., the team members’ generalized belief about their team’s
capabilities to address tasks, call for further investigation of motivational effects on the
achievement of radical innovation. Future research in this direction may also enhance our
understanding of the effects of promotion motivation, and specifically, the conditions under
which a promotion-oriented focus exerts a limited effect on performance improvement. This
angle is also interesting from the point of view of research on promotion motivation, since the
latter has been theorized to be a powerful explanatory factor but there are relatively few
empirical studies that support this line of thought.
Limitations and Future Research
The present study benefited from a relatively high number of teams from several
organizations, a high response rate, and a research design that made it possible to establish a
linkage between data on the independent variables and data on radical innovation performance
collected from separate independent sources. The dependent variable — radical innovation —
was based on independent assessments made by 2 managers for each team. Our measurement
is based on leading studies on innovation (such as [2], [9]). However, radical innovation may
be subject to reporting bias. Therefore, future research should also use hard data on radically
innovative performance, such as information on registration of new patents and sales growth
([4], [8], [66]), although this kind of data has its own limitations. To examine learning behavior,
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we used Edmondson’s scale [21]. Though widely acceptable and used (e.g., [47] - [50]), it is
more common in the context of psychological safety. Thus, future research may develop a
better-oriented scale (for example, in accordance with Argote & Miron-Spektor [32]) that
corresponds to the intent and content of learning scales geared towards innovation-based
learning.
This study was performed in the high-tech industry, which emphasizes the importance of
radical innovation. Future investigation in traditional industries, e.g., food, textiles, or banking,
may lead to a deeper understanding of the conditions under which radical innovation can be
accelerated.
It would also be interesting to apply the team-level theoretical construct we developed in
this study to the organizational level of analysis and to multilevel analyses, taking into
consideration both team and organization levels.
In addition, while this study focuses on radical innovation, many organizations encourage
both radical and incremental innovation. Future studies should perhaps use multidimensional
measurements that include, in addition to innovation, quality and efficiency performances [67].
Examining the effects of exploration and exploitation on a variety of performance dimensions
may lead to a better understanding of organizational phenomena in general and of radical
innovation in particular.
Finally, both moderating variables, learning behavior and promotion focus, may be cast as
aspects of organizational culture and norms that emphasize discovery, learning, and risk-taking.
Future research may identify other cultural values and additional variables that may affect the
impact of the interaction of exploration and exploitation on radical innovation.
Practical Implications
Our study suggests to managers that exploration and exploitation complement each other
when the level of learning behavior is high, and therefore, it is not necessary for them to be
separated in time or place. Regarding the simultaneous positive effect of exploration and
exploitation on radical innovation, managers should be more concerned with applying learning
behaviors than with motivational activities such as promotion focus. We provide a clear and
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integrated message for team managers: they can improve their organization’s radically
innovative performance by encouraging both exploration and exploitation while promoting
learning behavior at the same time. This message has important applications for many
organizations and many settings. Following our results, managers should have no concerns
about implementing the exploitation-oriented approaches of concurrent engineering in their
R&D units. R&D projects may benefit from the activities proposed by quality engineering
approaches, including exploitation-oriented practices, without being concerned about hindering
radical innovation. The application of exploitation-oriented approaches such as concurrent
engineering and quality engineering will improve the radically innovative performance.
The finding that high levels of radical innovation can be achieved through different levels
of exploration, exploitation, and learning behaviors is also useful to managers. The combination
of high levels of exploration and low levels of exploitation and of learning is not much different
(on the radically innovative performance score) than being high in all three factors, and for
some organizations this situation may be simpler to achieve. Depending on the specific
organization’s conditions, managers can choose the combination that best fits their needs and
culture.
Our findings support approaches and activities already adopted by leading organizations,
although so far the academic literature has provided only partial support for them. Michael Dell
said that “At Dell, innovation is about taking risks and learning from failure” [68]. Apple has
claimed that, in order to achieve radical innovation, they adopted a high-quality approach.
Toyota is another successful example of an organization that for many years combined
exploration with exploitation [69].
The study’s findings make an important contribution because they may enable teams and
organizations to accelerate radical innovation. Specifically, in order to enhance radical
innovation, organizations should design systems that target both exploration and exploitation
simultaneously while maintaining a high level of learning behavior. Nevertheless, there is more
than one way to achieve radical innovation: if the level of learning behavior is low, maintaining
a low level of exploitation and a high level of exploration should lead to the desired result.
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Finally, while motivation to achieve accomplishments and aspirations (i.e., promotion
focus) is usually assumed to be positively associated with team innovation, managers should
take into consideration that this study’s findings counterintuitively suggest that a low, rather
than a high, level of promotion focus may be associated with higher levels of radical innovation.
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TABLE 1
Definitions of exploration and exploitation in earlier studies

Article
Benner & Tushman, 2002 [4]

He & Wong, 2004 [66]

Definition of Exploration and Exploitation

Compete vs.
Complement

Different search modes. Exploitation involves a local search that builds on a firm’s
existing technological capabilities; exploration involves a more distant search for new
capabilities.

Compete

Two innovation strategies. Explorative activities are aimed at entering new product
markets. Exploitative activities are aimed at improving existing product-market
positions.

Jansen, Van Den Bosch, &
Volborda, 2006 [68]

Two aspects. Exploitative innovations are built on existing knowledge, customers, or
markets, and reinforce existing skills, processes, and structures. Exploratory
innovations are based on new knowledge or the departure from existing knowledge,
and are designed to meet the needs of emerging customers or markets.

Katila & Ahuga, 2002 [8]

Two search dimensions. Exploration is associated with search scope, i.e., local versus
distant. Exploitation is associated with search depth, i.e., the degree to which existing
knowledge is reused.

Rosenkopf & Nerkar, 2001 [69]

Exploration refers to all activities associated with the invention of new technology,
including incremental technological advances, whereas exploitation refers to past
knowledge.

Vermeulen & Barkema, 2001 [70]

Exploration is defined as the search for new knowledge, whereas exploitation is seen
as promoting ossification, engendering myopia, and blocking learning and adaptation.

33

Complement

Complement

Complement

Compete

Complement

TABLE 2: Combinations of different levels of exploitation and learning behavior
resulting in radical innovation when the level of exploration is high
Learning
behavior
Low
levels

High
levels

a

Exploitation
Low levels
[4]a High levels of radical innovation
Ambidexterity
When exploration is high, a low level of exploitation
is sufficient to enable achieving radical innovation
[4]. A balance between high levels of exploration and
low levels of exploitation allows radical innovation.
There is no synergy between exploration and
exploitation (synergy is achieved when the level of
learning behavior is high – see the combination
entitled “Synergy that Enables”); however, the
tension between them is minimal (it is a result of high
levels of both exploration and exploitation while
learning behavior is low – see the combination
entitled “Tension that hinders”).
[3]a Low levels of radical innovation
Unbalanced exploration-exploitation relationships
Learning behavior intensifies exploration to the
extent that it harms the sufficiently enabling
relationship between exploration and exploitation
(see the combination entitled “Ambidexterity”) and
thus harms radical innovation performance. The
balance achieved between high levels of exploration
and low levels of exploitation is lost as a result of
intensifying exploration through high levels of
learning behavior (in accordance with activation
theory’s claim that dominant characteristics are
intensified and become dominant when the
environment encourages it; [34], [35].

High levels
[2]a Low levels of radical innovation
Tension that hinders
The toll of the tension between high levels of
exploration and of exploitation harms radical
innovation performance [7]. When the level of
learning behavior is low, there is no mechanism that
reduces the tension between exploration and
exploitation when both are at high levels [21].

[1]a High levels of radical innovation
Synergy that enables
High levels of learning behavior enable synergy
while reducing the tension between exploration and
exploitation when both are at a high level [7].

The number refers to the explanations in the section on theoretical foundations.
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TABLE 3
Means, Standard Deviations, and Correlationsa

a

Variable

Mean

S.D.

1

2

3

4

1.

Exploration

4.20

0.75

[0.87 ]

2.

Exploitation

4.96

0.72

0.30**

[0.86]

3.

Learning Behavior

5.37

0.64

0.51**

0.48**

[0.89]

4.

Promotion Focus

4.67

0.74

0.50**

0.43**

0.57**

[0.91]

5.

Radically-Innovative
Performance

5.15

0.97

0.16†

-0.10

-0.07

0.07

[0.88]

Control variables
6.
Prevention Focus

4.66

0.62

0.2*

0.39**

0.24*

0.40**

0.01

[0.82]

7.

Team size

4.10

1.26

0.05

0.13

0.00

0.00

-0.06

0.08

8.

Gender (male ratio)

77.0

0.28

0.06

-0.20*

-0.21*

-0.08

0.02

0.15

-0.08

9.

Organization seniority

4.8

1.28

0.05

0.00

0.00

-0.13

0.00

-0.02

-0.15

0.38**

10.

Team seniority

4.12

1.39

0.02

0.07

-0.13

-0.14

0.04

-0.03

-0.14

0.29**

0.68**

11.

Role seniority

4.15

1.39

0.00

0.00

0.00

-0.12

0.08

0.00

-0.15

0.24**

0.82**

0.81**

12.

Education level

3.00

0.60

-0.21*

-0.26**

-0.17*

-0.29**

-0.15

-0.09

-0.22*

0.14

0.22*

0.09

Team-level analysis; n =108; Cronbach’s alpha (α) coefficients appear in square brackets.
p < .1, * p < .05, ** p < .01

†
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5

6

7

8

9

10

11

0.09

TABLE 4
Results of Hierarchical Linear Regression

Intercept

Model 1
5.08** (.33)

Radically Innovative Performance
Model 2
Model 3
Model 4
**
**
5.08 (.3)
5.09 (.32) 5.14** (.26)

Model 5
5.14** (.29)

Exploitation

-.17 (.14)

-.07 (.16)

-.12 (.16)

-.09 (.16)

Exploration

.09 (.13)

.18 (.17)

.05 (.18)

.14 (.18)

Learning Behavior

-.2 (.23)

-.4† (.23)

-.18 (.22)

Promotion focus

-.04 (.17)

.02 (.17)

-.03 (.17)

Exploration X Exploitation

.24 (.25)

.12 (.25)

.14 (.22)

Exploration X Learning
Behavior

-.40 (.29)

-.17 (.28)

Exploitation X Learning
Behavior

.56† (.30)

.47* (.23)

Exploration X Exploitation X
Learning Behavior

.56* (.27)

Exploration X Promotion focus

-.1 (.21)

Exploitations X Promotion focus

-.32 (.26)

-.4† (.23)

-.35† (.19)
.05 (.21)

Exploration X Exploitation X
Promotion focus

.12 (.24)

Control variables
Prevention Focus

-.02 (.14)

.03 (.16)

.04 (.16)

.04 (.16)

.04 (.16)

Team size

-.08 (.08)

-.07 (.08)

-.06 (.08)

-.05 (.08)

-.07 (.08)

Gender

.57 (.35)

.45 (.37)

.57 (.41)

.58 (.4)

.44 (.38)

Organization seniority

-.07 (.13)

-.07 (.13)

-.14 (.13)

-.11 (.13)

-.1 (.14)

Team seniority

-.06 (.1)

-.08 (.1)

-.07 (.11)

-.09 (.1)

-.09 (.11)

Role seniority

.09 (.14)

.1 (.14)

.14 (.15)

.15 (.14)

.13 (.15)

Education

.11 (.16)

.08 (.17)

.11 (.17)

.03 (.17)

.04 (.17)

-2 log likelihood

300.1

302.9

304.4

307.7

302

Likelihood-ration chi-square

40.0**

41.5**

44.5**

46.7**

41.5**

†

Notes. Coefficient estimate with standard error in parentheses. p < .1, * p < .05, ** p < .01
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FIGURE 1a
Regression lines of radical innovation as a function of level of exploration and
exploitation when the level of learning behavior is high
High Learning Behavior

Radical innovation

5.30
High
5.20
5.10
5.00
4.90

low exploitation

4.80

high exploitation

4.70
Low
4.60
1
Low

2
High
Exploration

FIGURE 1b
Regression lines of radical innovation as a function of level of exploration and
exploitation when the level of learning behavior is low
Low Learning Behavior

Radical innovation

6.40
High
6.20
6.00
5.80
5.60
5.40

low exploitation

5.20

high exploitation

5.00
4.80
Low
4.60
1
Low

2 High
Exploration
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FIGURE 2
Regression lines of radical innovation as a function of
level of exploration and promotion focus

High

Low

Low

High
Exploration

38

Appendix
Measurement Scales

Variable

CFA standardized
factor loadings

Exploitation
1. We perform work process control
2. We collect data for further process control
3. We work according to rules and procedures
4. We conduct review processes
5. We examine the attainment of quality objectives

.90
.84
.61
.74
.61

Exploration
1. Innovation goals are set and clear
2. We have free time to innovate
3. There is a budget for implementing innovative ideas
4. We look for breakthroughs
5. We take risks
6. We perform experiments

.79
.76
.76
.79
.71
.69

Learning behavior
1. We get feedback on our work
2. We search for information
3. It is confirmed that we reflect on our work
4. Advance in our performance is being noticed
5. We are encouraged to learn
6. We share and exchange information

.77
.89
.72
.83
.76
.82

Promotion focus
1. We focus on achieving success in our work
2. We imagine good things that will happen to us in our work
3. We think of how idealistic we want to be in our work
4. We imagine ourselves fulfilling our hopes and wishes
5. We focus on ways to reach success at work

.83
.80
.91
.85
.71

Prevention focus
1. We try to avoid becoming professional failures
2. We focus on avoiding failure
3. We are concerned that we will not fulfill our obligations
4. We are concerned that we will fail to reach our goals at work
5. We think about how to avoid failure at work

.60
.60
.91
.88
.65

Radically innovative performance
1. The products include new concepts and principles
2. The products are fundamentally different from whatever exists in the
market
3. The products incorporate new technologies
4. The products present unique solutions
5. The products provide upscale performance
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.76
.77
.87
.83
.78

