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Complementarities of Knowledge Worker
Productivity: Insights from an Online
Experiment of Software Programmers with
Innovative Cognitive Style
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ABSTRACT

KEY WORDS:

JEL Classification:

The literature has been inconclusive regarding which factors determine knowledge worker pro-
ductivity. To remedy that gap, this paper presented an online experiment to measure the produc-
tivity of software programmers, as a representative of knowledge workers, in a particular situa-
tion when a more aligned with the work process IT system is used. The assumed research model
was based on the systems approach of complementarity theory and combined the following
factors: worker's cognitive style, work process, decision-making authority, worker training mode,
and worker incentive. The experiment was conducted for 4 months and attracted 110 participants
with innovative cognitive style from two crowdsourcing platforms. The results demonstrate that
complementarities condition the productivity of a knowledge worker. More specifically, the learn-
ing effect is crucial for productivity gains and should be considered in further detail in the design
of new studies. The paper’s key contribution is the test of a unique configuration of two systems
of complementary factors, because most of the literature has investigated only the impact of par-
ticular factors in isolation.

complementarity theory, individual productivity, knowledge worker, online experiment,
software programmer.
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1. Introduction

Productivity of an organization is at the core of orga-
nizational economics (Leoni, 2013) and the theory of
the firm (Roberts, 2007). Microeconomists have long
studied the function of an organization in its market;
however, the relatively recent field of organizational
economics attempts to open the black-boxed organi-
zation of microeconomic studies to identify its eco-

Correspondence concerning this article should be addressed

to: Natallia Pashkevich, Sodertérn University, Sweden.

E-mail: natallia.pashkevich@sh.se

www.ce.vizja.pl

nomic mechanisms and their functioning (Gibbons &
Roberts, 2013). A key approach to that end rests on
the notion of complementarities (Bloom et al., 2010;
Brynjolfsson & Milgrom, 2013), that is, factors that
can be synchronized to create a system that manifests
a superior performance (Milgrom & Roberts, 1990).
Notably, the question of what factors should be syn-
chronized and how these factors should be synchro-
nized to generate a local productivity optimum re-
mains, to a large extent, underexplored (Brynjolfsson
& Milgrom, 2013).

Although the literature has identified stable sets
of complementarities for conventional industrial or-
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ganizations (Brynjolfsson & Hitt, 2003; Bugamelli &
Pagano, 2004; Milgrom & Roberts, 1995), only ini-
tial research on the complementarities of modern
knowledge organizations (Aral et al., 2012; Athey &
Stern, 2002; Autor et al., 2003) that has assumed an
atomistic-level focus on individual workers (Foss,
2005; Schumpeter, 1909), their work streams, and
tools employed has been performed.

This study assumed the atomistic approach be-
cause knowledge work is not executed by an orga-
nization but by its knowledge workers who pursue
various workflows and use work tools, namely, IT
systems (Palvalin et al., 2013; Pyorid, 2005). We as-
sumed that the results from studies at the organiza-
tional and individual levels can be combined to im-
prove the comprehensive understanding of systems
of organizational complementarities. The two ques-
tions targeted are as follows. Which complementary
factors must be synchronized to induce to produc-
tivity gains of a knowledge worker who uses an IT
system? How should these factors be synchronized?

The focus on the productivity of a knowledge
worker’s use of IT systems has been debated due
to the revival of the so-called productivity paradox
(Aral et al,, 2012; Chung & Hossain, 2009; Jain &
Kanungo, 2005, 2013; Palvalin et al., 2013; Wu et
al., 2009; Webster, 2012), originally coined by Rob-
ert Solow in the 1980s (Solow, 1987). Studies at the
levels of an economy (Arvanitis & Loukis, 2009; De-
drick et al., 2013; Jorgenson, 2007), an industry (Han
et al., 2011; Hu & Quan, 2005), and an organization
(Kohli & Grover, 2008; Tambe et al., 2012) have dem-
onstrated that when certain complementary factors
are synchronized in a particular manner, including
the use of IT systems, superior productivity may be
achieved.

At the level of an individual knowledge worker,
few studies have presented heterogeneous insights
(Aral et al., 2012; Athey & Stern, 2002; Autor et al.,
2003). The first two earlier studies have demonstrat-
ed that productivity gains when knowledge workers
use an IT system may require complementary factors
such as the work process (Athey & Stern, 2002; Autor
et al., 2003). The latter study suggested that comple-
mentary factors may have a contingent relationship
between a knowledge worker’s use of an IT system
and a work process (Aral et al.,, 2012). Overall, all
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three studies have assumed a narrow system of com-
plementary factors by testing only a few factors: the
use of an IT system by knowledge workers and the
work process. This narrow approach has disregarded
other factors identified in the literature regarding
conditioning the productivity of knowledge work-
ers (e.g. Drucker, 1999; Hopp, et al., 2009; Mason
& Mitroff, 1973; Reinhardt et al., 2011; Kianto et al.,
2018). This study explored this limitation in the con-
text of knowledge workers” productivity by assuming
a broader approach that accounts for several other
factors that demonstrate complementarity with each
other.

This study addressed the productivity of a software
programmer, perhaps the contemporary icon of a
knowledge worker, whose job description is to digi-
talize our societies (Hernandez-Lopez et al., 2015).
The demand trend for software programmers is in-
creasing (Sliwa, 2018); thus, their increasing share of
the total cost structure has made the question of their
productivity a key managerial issue (Muratbekova-
Touron & Galindo, 2018).

This study tested the productivity of an innovative
cognitive style of a software programmer being syn-
chronized with two complementarity setups, namely,
stable and dynamic, in an online experiment with
110 subjects. These setups included a specific type
of work process, training, incentive, and decision-
making mode in a situation where a new IT system
aligned with the work process is used by the pro-
grammer, compared with a nonaligned IT system.

The results of the experiment suggest the follow-
ing: (a) software programmers with innovative cog-
nitive style demonstrate different productivity out-
comes when involved in either a stable or dynamic
complementarity setup and, thus, provide support
for the systems approach of complementarity theory;
(b) learning effects are central to productivity and
thus further research should include a longer learn-
ing curve before and after an aligned IT system is in-
troduced, and (c) a certain trade-off exists between
the work time and work output quality of a software
programmer and must be closely monitored to un-
derstand the impact of complementarity factors and
optimal trade-offs between them.

The results of this study indicate that complemen-
tary factors are critical at the level of an individual
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knowledge worker who uses an IT system and the
need to investigate in greater detail which factors
should be synchronized and how to optimize pro-
ductivity of an individual knowledge worker. This
study suggests which factors to consider for the
configuration of a system of complementarities for
worker productivity and contributes to the litera-
ture by expanding the prevailing narrow approach
of the system of complementarities into a broader
approach, thereby making greater justice to real life
conditions, which provides initial managerial sug-
gestions regarding which factors condition knowl-
edge worker productivity.

The disposition of this paper is as follows. To
complete this introduction, a presentation of the
theoretical background and hypotheses development

follows. The remainder of the paper presents the
method, results, discussion, and conclusion.

2. Theoretical background

Factors of an organization may affect each other
in three ways: independent, substitutive, and
complementary (Parmigiani & Mitchell, 2009). An
independent relationship exists when a change in the
level of one element does not affect the value of another
element. A substitution relationship exists when an
increasing value of one element weakens the value of
another element. A complementary relationship exists
when a change in the level of one element enlarges
the impact of another element. In this study, we draw
on complementarity theory, which is based on the

assumptions from contingency and configuration

Table 1. Foundation for the Complementarity Setups Development

238

Variables used

Study ITuse Operational Individual Organizational Obtained/expected results

task/process factors factors

Athey & Stern, 2002 Yes Yes No No Knowledge worker’s use of
structured work process and
the use of an IT system are not
complementary
Autor et al., 2003 Yes Yes No No Knowledge worker’s nonrou-
tine work process is comple-
mentary to the use of an IT
system

Aral et al., 2012 Yes Yes No No Knowledge worker’s work
process in terms of its intensity
of multiproject work is comple-
mentary to the use of an IT
system
This study Yes Yes Yes Yes A full set of complementari-
ties when matched correctly
to the use of an IT system can
increase individual productivity

www.ce.vizja.pl This work is licensed under a Creative Commons Attribution 4.0 International License.
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theories and considers an organization as a system
of interdependent individual, organizational, and
strategic elements (Roberts, 2007). This theory implies
that a set of theoretical constructs must be allocated
into a system of factors, where each factor is related
in a particular manner to the other factors such that
systemic properties can emerge, which induces greater
productivity (Milgrom & Roberts, 1990, 1995).

At the level of an individual worker, and in the
context of a knowledge worker that uses an IT system
to conduct work processes, complementarity theory
has been applied in three studies. In the first study, the
structure of the work process, where well-structured
versus nonstructured work processes were compared,
was assumed to complement IT use (Athey & Stern,
2002). Notably, this study found that demonstrating
productivity ~gains from those complementary
factors was difficult. The second study explored the
complementary relationship between the use of an
IT system and two alternative work processes (Autor
et al,, 2003) and demonstrated that IT use is a strong
complementary factor to only nonroutine tasks, rather
than simple routine tasks. The third study (Aral et al.,
2012) indicated that knowledge worker productivity
is positively conditioned by the interaction between
workers” IT use and type of work process; in this case,
the intensity of multitasking is defined as the degree
of worker’s switch between work projects. Table 1
provides a summary of these three studies.

Complementarity theory has two investigative
approaches: the interaction approach and systems
approach (Ennen & Richter, 2010). The interaction
approach assumes a complementary relationship
between a limited number of clearly identified factors,
and the systems approach explores the impact of a
system of multiple factors on performance outcomes.
The three aforementioned studies employ the
interaction approach, which has an obvious limitation
regarding finding complementary relationships due
to a limited number of factors (Ennen & Richter,
2010). Additionally, the literature on knowledge
worker productivity has recognized that individual
productivity is a function of factors, including IT tools,
work processes, and individual and work settings
(Wojtczuk-Turek, 2017; Hopp et al., 2009; Reinhardt
etal, 2011). As a consequence, this study assumed the
systems approach to formulate hypotheses of potential
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complementary factors that, when matched correctly,
can significantly affect productivity.

3. Hypotheses Development
The systems approach to complementary factors
assumed in this study requires accounting for a
larger set of complementary factors than the three
aforementioned studies had accounted for (Ennen
& Richter, 2010). On the one hand, little indica-
tion was provided regarding which factors should
be included and synchronized (Hopp et al., 2009;
Palvalin et al., 2013); on the other hand, studies
have tested for one factor or limited interactions
among a few factors (Antikainen & Lonnqvist,
2006; Baer et al., 2003; Cequea et al., 2011; Morge-
son & Humphrey, 2006; Singh & Mohanty, 2012).
This study assumed only selected factors from the
literature, without aiming to uncover novel, untested
factors, to reduce the risks of failure of the comple-
mentarity setups developed. This study tested the
research model on one type of knowledge worker,
namely, a software programmer, because the litera-
ture has investigated the factors that condition soft-
ware programmer productivity and provided several
factors for programmers (Chilton et al., 2005; de Bar-
ros Sampaio, et al., 2010; Graziotin et al., 2014; Tonel-
li et al., 2013; Hernandez-Lopez et al., 2015; Jiang et
al., 2007; Tomaszewski & Lundberg, 2005; Trendo-
wicz & Miinch, 2009), which is not the case with
other professions. Additionally, the complementarity
setups proposed in this study are too premature to
be tested on a variety of types of knowledge work-
ers. Finally, software programmer is a critical and
growing profession (Sliwa, 2018) that has manifested
a growing share of the total cost structure of many
firms; therefore, effective productivity management
of software programmers is of significant concern.
Based on the systems approach, we proposed a
conceptualization of programmers’ work to be un-
derstood in terms of the personal cognitive char-
acteristics of programmers, characteristics of the
work process, and organization settings in rela-
tion to individual productivity when an aligned
IT system is used. The factors we used include ele-
ments from Kirtons adaption-innovation theory
(Kirton, 1976, 1994, 2003) and literature on the
work process and managerial practices (Bloom &
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van Reenen, 2011; Edwards, 1991; Kristof-Brown
& Guay, 2011; Kristof, 1996; MacCormack et al.,
2001; Staniewski, 2011); additionally, we formu-
lated two complementarity setups of complemen-
tary factors, namely, stable and dynamic, that we
further tested in a web-based online experiment
where the subjects’ task was to construct software
from a received software specification (Table 2).

The essential component of software program-
mer productivity is the programmer who receives
requirement specifications and produces a piece of
software. A software programmer is a professional
whose key act of information processing is con-
ducted through cognitive faculties (Pyo6rid, 2005),
implying that human cognition is a central factor
of information processing. In the psychological lit-
erature, cognitive characteristics have been shown
to influence information processing ability (Agor,
1984; Rowe & Mason, 1987).

This study adopted the Kirton scheme of adop-
tion-innovation (Kirton, 1976, 1994), which holds
that human cognition is characterized along a
spectrum from adaptive to innovative information
processing behavior. Individuals with an adaptive
cognitive style tend to operate in a systematic and
well-structured manner and prefer explicit and
stable situations. By contrast, individuals with in-

novative cognitive styles tend to operate in an ad
hoc and creative manner with limited predefined
structures. The Kirton scheme is adopted because
studies have shown that cognitive styles condi-
tion different behavior in an individual, including
problem-solving, depending on the context and its
conditions (Kirton, 1994). This scheme is also the
most explored and well-tested categorization of hu-
man cognitive styles (Brown, 2001).

A professional software programmer executes
tasks that constitute a work process (Kock & Mc-
Queen, 1996). The literature has demonstrated that
the character of a work process influences the per-
formance of a knowledge worker (Amabile, 1996;
Keen & Scott-Morton, 1978). This study assumed
the distinction between a stiff and more flexible
work process would affect performance outcomes
(MacCormack et al., 2001). A stiff work process is
predetermined and comprises activities, inputs, and
outputs, whereas a flexible work process provides
more freedom, that is, fewer details are imposed
regarding what to do and how to do it (Abdolmo-
hammadi & Wright, 1987). According to the Kirton
scheme (Kirton, 1994), to improve performance, a
stiff work process should be conducted by an adap-
tive cognitive style programmer, and a flexible work
process should be performed by an innovative cog-

Table 2. Complementarity Factors and Their Value Range Employed in This Study and Partly Tested in a Situation

When a More Aligned IT System is Used

240

Complementarity setups and factors

Value range

Cognitive style

Complementarity setup

Work process

Training mode

Incentive mode

Decision-making mode

www.ce.vizja.pl

High centralization

Adaptive Innovative
Stable Dynamic
Stiff Flexible
Push Pull
Exogenous Endogenous

High decentralization

This work is licensed under a Creative Commons Attribution 4.0 International License.
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nitive style programmer. These factors should com-
plement each other in relation to the productivity
in a manner that any alternative pairing of the two
factors may not produce productivity increase.

A software programmer depends on their skillful
use of work technologies (Webster, 2012). The mas-
tery of such technology influences work productiv-
ity (Hitt & Brynjolfsson, 1997) and may be support-
ed by training (Hayes & Allinson, 1998). Studies
have established the significance of knowledge
worker training, which advances cognitive ability
to improve the performance of work tasks (Berings
etal., 2005; Hayes & Allinson, 1998; Sadler-Smith &
Smith, 2004). Additionally, the cognitive character
of an individual corresponds to the training form
(Amabile, 1996).

This study attempted to consider this comple-
mentarity and proposed that a programmer’s train-
ing can have two modes. The first mode stipulates
that well-structured training is mandatory prior
to the use of work technologies; we call this form
push-mode training. The second form of training
is received on-demand and optionally, that is, prior
to the use of work technology and after; we call this
mode pull-mode training. We also hypothesized,
based on the Kirton scheme (Kirton, 1994), that
push-mode training complements the high pro-
ductivity performance of a software programmer
with an adaptive cognitive style, whereas pull-mode
training complements the high productivity of a
software programmer with an innovative cognitive
style.

Motivation is one of the most well-researched
factors that conditions a worker’s productivity
(Frey & Osterloh, 2002; Kasof et al., 2007). The psy-
chological literature has established a fundamental
difference between exogenously and endogenously
induced worker motivation (Amabile, 1996). This
literature has demonstrated that the high perfor-
mance of an adaptive cognitive style is matched
with a greater degree of exogenous motivation,
whereas the high performance of an innovative
cognitive style shows a greater fit with endogenous-
ly induced motivation (Amabile et al., 1994; Baer
et al., 2003). Therefore, we assumed that exogenous
motivation complements the adaptive cognitive

style and endogenous motivation complements the
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innovative cognitive style.

The last central area of software programmer
productivity was associated with worker freedom,
autonomy, or self-management (Zabojnik, 2002);
operationally, this may be translated into decision-
making freedom (Kozlowski & Bell, 2003). Deci-
sion-making, a cognitive act, is central for many
knowledge-intensive jobs (Hunt et al., 1989; Rowe
& Boulgarides, 1992) and has a significant impact
on individual productivity (Ahearne et al., 2005;
Baer et al., 2003). The literature has demonstrated
complementarity between the decision-making
authority, that is, centralization versus decentraliza-
tion, and an individual’s cognitive style (Amabile,
1996; Axtell et al,, 2000; Oldham & Cummings,
1996). A higher degree of centralization provides
a software programmer with fewer decisions; thus,
a greater number of guidelines should constitute a
complement to an adaptive cognitive style (Baer et
al., 2003). By contrast, a higher degree of decentral-
ization offers a software programmer more freedom
to decide how to act and change actions and should
constitute a complement to an innovative cognitive
style (Axtell et al,, 2000; Oldham & Cummings,
1996).

Considering all these factors, this study formu-
lated two complementarity setups. A stable comple-
mentarity setup assumes that greater productivity
can be expected when individuals with an adaptive
cognitive style are matched with a complementarity
setup that includes a stiff operating process, push-
mode training in work technology, exogenous in-
centives, and centralized decision-making, com-
pared with other configurations of these factors
when an aligned IT system is used. By contrast,
a dynamic complementarity setup assumes that
greater productivity can be expected when individ-
uals with an innovative cognitive style are matched
with a complementarity setup that includes a flex-
ible operating process, a combination of minor up-
front mandatory training and optional on-demand
training in work technology, endogenous incen-
tives, and decentralized decision-making, com-
pared with other configurations of these factors
when an aligned IT system is used.

The innovators and adaptors must be tested for
stable and dynamic setups to determine the feasi-
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bility of the proposed complementarity setups. No-
tably, this study tested only for innovators for each
complementarity setup, and a further investigation
is planned to test for adaptors for each setup. The
following two hypotheses are tested in this experi-

ment.

Hypothesis 1: Individuals with innovative cog-
nitive style generate lower productivity (in terms
of higher time and lower quality of the developed
piece of software) when matched with a stable com-
plementarity setup that includes a stiff operating
process, push-mode training in work technology,
exogenous incentives, and centralized decision-
making, compared with other configurations of
these factors when an aligned IT system is used,
versus a nonaligned IT system.

Hypothesis 2: Individuals with innovative cogni-
tive style generate higher productivity (in terms of
lower time and higher quality of the developed piece
of software) when matched with a dynamic comple-
mentarity setup that includes a flexible operating
process, a combination of minor upfront manda-
tory training with optional on-demand training in
work technology, endogenous incentives, and de-
centralized decision-making, compared with other
configurations of these factors when an aligned IT
system is used, versus a nonaligned IT system.

4. Method

The literature on complementarities has demon-
strated that experimental studies are the most ap-
propriate for an investigation of their effect on
productivity (Brynjolfsson & Milgrom, 2013; Ca-
merer & Weber, 2013; Gupta et al.,, 2018). Online
controlled experiments have become a popular tool
among scientists (Arechar et al., 2018; Hewson &
Stewart, 2016). The literature has indicated satisfac-
tory reasons for choosing an online experiment as
a research tool, including (a) reduced influence of
experimenter expectancy on the participants’ be-
havior and increased generalizability due to wider
population access (Buchanan, 2002); (b) increased
uniformity of the experimental procedure across
participants, and participants’ comfort due to 24-h
access (Reips, 2002); and (c) reduced time spent on
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the experiment and associated costs (Birnbaum,
2004). Studies have also shown that the results of
online experiments are consistent with traditional
laboratory experiments (Arechar et al., 2018; Dan-
durand et al., 2008).

We designed an online experiment to fulfill the
following criteria: (a) individuals with innova-
tive cognitive styles are proportionally involved in
stable and dynamic complementarity setups during
all sessions, (b) complementary factors identified
in the literature are operationalized and mirrored
real work settings, (c) subjects chosen for the ex-
periment are familiar with the topic of this study
and appropriate for the experiment (Camerer &
Weber, 2013), and (d) sample size is expected to be
sufficiently large to provide the statistical power of
the test.

4.1. Experimental Design and Procedure

To test whether a set of matched complementary
factors affect programmer productivity in relation
to cognitive style when two IT systems are used,
namely, one nonaligned IT system and one aligned
IT system with the work process, a dedicated web-
site was developed and available online for 4 months
(October 2015-January 2016). We expected that
innovators involved in a dynamic complementarity
setup, rather than innovators in stable complemen-
tarity setup, have productivity advantages when an
aligned IT system is used (Table 3).

The experiment comprised three sessions: Each ses-
sion represented an assignment that concerned the de-
velopment of animation, a to-do list, and text analysis
software. Four professional programmers tested the
content and functionality of the online version of the
experiment and reported the uniformity of the assign-
ments complexity. The first session was conducted to
establish a benchmark: participants developed a soft-
ware application by using a text editor, which repre-
sents a nonaligned IT system. In the second session,
an aligned IT system, Cloud9 (an online integrated
development environment), that provides comprehen-
sive functionality for software development was used
in a synchronized manner with a cognitive style and
complementarity setups. We designed the third ses-
sion to account for a learning-curve effect (McLeod
et al., 2008; Womer, 1984). This session also included
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Table 3. Experimental Design and the Expected Results

Cognitive style Complementarity Session 1 Session 2 Session 3
setup (nonaligned IT) (aligned IT) (learning effect)

Innovative Stable Loss Loss Loss

Innovative Dynamic Gain Gain Gain

an aligned IT system and the same complementari-
ties as the second session. Each session had identical
time frames (between 20 minutes and 1 hour) and a
slight variation of the assignment with an equal level
of complexity. Voluntary participation in the experi-
ment was incentivized by providing a minor payment.
The measures of productivity used to evaluate the de-
veloped product were the time taken by participants
to complete each session, completeness regarding how
many of the functional requirements were completed,
and correctness (how well the functional requirements
were implemented) of the application developed.

The experimental procedure started with a ques-
tionnaire available online to identify the so-called KAI
index (Kirton, 1976), which determined whether the
individual had an innovative or an adaptive cognitive
style and collected demographic control variables. Af-
ter identification of the cognitive style, the experimen-
tal sessions were performed. Productivity of software
programmers was measured at three time points after
each session was completed. When the data collection
process finished, the questionnaires and productivity
data were analyzed.

4.2. Operationalization of the Main Constructs
The main independent constructs of the experiment
were an IT system, the cognitive style of an individual
software programmer, the work process structure, the
type of training, the worker’s incentives, and the de-
cision-making structure. During the first session, the
participants used a generic text editor (Notepad) that
represented a nonaligned IT system to build code, and
a web browser to run the code. During the second and
third sessions, an aligned IT system was deployed and
used. This I'T system is an Integrated Development En-
vironment Cloud9 with many supportive features for
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software programming, including pre-setup workspac-
es, code completion, color highlighting, automatic code
reformatting, navigation, and debugging. We used this
tool to ensure the participants could work in a realistic
professional environment.

We used a questionnaire to identify the KAI index
(Kirton, 1976) of whether an individual has an adaptive
or innovative cognitive style. This KAI index is mea-
sured based on a 32-item instrument with a 5-point
scale, in which participants indicate on a scale from
Strongly disagree to Strongly agree to present their type
of cognitive style. An overall KAI score has a theoreti-
cal mean of 96; below this score, individuals are con-
sidered adaptors, and above this score, as innovators.

Animation, to-do list, and text analysis assignments
were developed to represent the stiff and flexible work
process structures to satisfy two key criteria: (a) wheth-
er the requirement specification for the assignment was
fully comprehensive and (b) whether any modification
of the requirement specification was made during the
software development process. Based on these criteria,
the process was defined as stiff when fully comprehen-
sive (the requirement specification document is per-
fectly specified regarding all the key aspects of the soft-
ware to be developed) and no modifications had to be
made to the requirement specification during the pro-
cess of software development. In the flexible process,
the requirement specification was partially completed,
that is, a software programmer had to make assump-
tions on their own. In addition, during the flexible pro-
cess, modifications to the requirements’ specifications
were provided.

Before the second session, the participants received
a corresponding type of training in the use of Cloud9
regarding a particular complementarity setup. The
stable complementarity setup group received informa-
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tion regarding the main features of Cloud9, namely,
code completion, automatic code formatting, code
navigation, and visualizing code documentation, and
received links to two introductory videos about how
to get started and create a workspace with Cloud9. The
participants involved in a dynamic complementarity
setup also received basic information about the main
features of Cloud9 and a recommendation to watch
short videos, if necessary, during the performance of
the assignments.

All the participants received USD 30 as a partici-
pation incentive, to limit dropout, and reflect work-
ing reality when employees receive a salary for job
performance. In the second and third sessions, the
stable complementarity setup group received messages
indicating that when the assignments were complete,
they would receive their rating and assessment as non-
financial extrinsic rewards (Armstrong, 2010). The
participants involved in a dynamic complementarity
setup during their performance of the second and third
assignments twice received a message with encourag-
ing feedback, that is, they had performed well and were
encouraged to continue their work as a type of intrinsic
incentive (Erasmus & Schenk, 2008).

A decision-making structure was operationalized
based on an allocation of the most important decisions
to a software programmer. To investigate the effect of a
centralized decision-making structure, the participants
in a stable complementarity setup, at the beginning of
the second and third assignments, received a message
to not improvise on the assignment and not deviate
from the specification. The participants involved in a
dynamic complementarity setup with a decentralized
decision-making structure received a message to feel
free to improvise in the assignment at the beginning of
the second and third assignments.

The actual time the participants spent to develop a
product and the completeness and correctness of the
assignments were the key measures of individual pro-
ductivity. The rationale for choosing these metrics is
presented in greater detail in the following section.

4.3. Dependent Measures

The primary dependent variables in this study consid-
ered two major dimensions of subjects’ performance:
quantity and quality. A quantitative dimension of pro-
ductivity in software engineering is characterized by
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the change in the quantity of a developed product for a
given period of time, and a qualitative dimension refers
to the quality of the software product (Duncan, 1988).
The output metric (the unit of product) is a challeng-
ing construct in software development; thus, attention
is devoted to the input part of the productivity ratio.

The input effort is usually a sum of resources used
to produce output. In software development, the main
part of resources is a programmer’s time spent work-
ing on software product development (Canfora et al.,
2007). Therefore, the time taken by the participants to
complete the assignment was used to characterize a
quantitative dimension of the productivity metric.

Developed software products must fulfill concrete
qualitative requirements because the qualitative aspect
may explain the difference in time spent to complete
a task. In this study, the final product quality was ex-
amined. Application quality can be examined from dif-
ferent perspectives, for example, the number of defects
in the application or how well the application satisfies
end-users (Edberg & Bowman, 1996). Completeness
and correctness (Tomaszewski & Lundberg, 2005) of
the application developed (how many of the animation
requirements are correctly implemented and how well)
was used because it is the most significant and appro-
priate in the experimental settings.

4.3. Participants

The participants were recruited through two crowd-
sourcing platforms: Microworkers https://microwork-
ers.com) and Prolific.ac services (https://prolificac.
zendesk.com/hc/en-us). The experiment was open
to participants familiar with the Java, C, and Python
languages. There was no restriction on gender, age,
nationality, education, and prior programming experi-
ence. The experiment was available online, and 2,192
visitors visited the website: 1,196 (55%) completed the
questionnaire but did not begin the experiment; 398
(18%) completed session 1; 71 (3%) completed session
2; and 527 (24%) submitted all experimental assign-
ments as completed. From the completed, submitted
assignments, 414 were rejected because the submis-
sions did not fulfill the minimum requirements for
the submission acceptance (unreasonable time and
poor quality of the assignments). Thus, 113 (5%) of the
initial 2,192 visitors completed the experiment. Of the
113 participants that completed the experiment, three
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had an adaptive cognitive style, and we excluded those
three from the analysis.

The initial sample size comprised 110 participants
with an innovative cognitive style: 44 innovators were
involved in a stable complementarity setup and 66 in a
dynamic complementarity setup. A repeated-measures
analysis of variance (ANOVA) was an appropriate sta-
tistical approach to identify the effect of complemen-
tarity setups on the individual productivity of software
programmers. In this approach, however, unequal
sample sizes can affect the homogeneity of the variance
assumption when the difference between sample sizes
is large (Keppel, 1991). To provide an accurate p value,
sample sizes were balanced by randomly selecting 44
observations out of the 66 innovators involved in a
dynamic complementarity setup. The final sample size
comprised 88 observations, that is, 44 innovators in-
volved in each of the stable and dynamic complemen-
tarity setups. An a priori power analysis with a power of
0.80 (Cohen, 1992) and an alpha of 0.05 demonstrated
that a sample size of 28 observations was required to
detect a medium effect size (0.25). Hence, we expected
a significant difference between groups with the final
sample size of 88 (44 in each group) observations. The
descriptive statistics are presented in Table 4.

The participants were 80% male and aged on aver-
age 28 years. Thirty-five participants had a bachelor’s
degree 35 (39.8%), 23 (26.1%) had a high school edu-
cation, and 22 (25.0%) had a master’s degree. Thirty
participants (34.1%) reported up to 5 years of pro-
gramming experience, and 27 (30.7%) up to 10 years
of programming experience. Thirty-nine (44%) par-
ticipants used JavaScript regularly, and 4 (4.5%) were
experts in this programming language.

5. Analysis and Results

The data collected were regarding software
programmers with an innovative cognitive style,
and a 2x3 mixed design with repeated measures was
appropriate to test the effect of complementarity
setups on individual productivity. The first factor was
the complementarity setup with two levels: stable and
dynamic. The second factor was time with three levels:
tl — pretest (baseline) before introducing an aligned
IT system, t2 — posttest after the implementation
of an aligned IT system and complementarity
setups, and t3 - follow-up to account for the
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learning effect. Time and quality (completeness
and correctness) of the developed products was
measured at all three times. Time and quality
of the developed software were not significantly
correlated; therefore, both dependent variables
were analyzed with repeated-measures ANOVAs.

In general, after the data collection process, we
expected that individuals with an innovative cognitive
style would be more productive when involved in a
dynamic, rather than stable complementarity setup.
We also expected that the productivity scores for
participants involved in both complementarity setups
may increase for time scores and decrease for quality
scores during the second session while learning an
aligned IT system. Eventually, we expected that in
the third session, software programmers with an
innovative cognitive style would be more productive
when matched with a dynamic, rather than stable
complementarity setup. A summary of the expected
and obtained results is presented in Table 5.

The results from the online experiment
demonstrated that, when completing the first
assignment with a nonaligned IT system, time scores
were significantly different for innovators involved
in stable and dynamic complementarity setups (42
versus 33 minutes). Quality scores were significantly
different for innovators involved in stable and dynamic
complementarity setups (77 versus 63%); however,
quality per time is statistically nonsignificant for both
groups of participants (1.83 versus 1.91 % / min.).

As expected, when completing the second
assignment with an aligned IT system, time scores
increased for both groups; however, average
assignment completion time increased by 7
minutes (16%) for innovators involved in a stable
complementarity setup and by 18 (54%) minutes for
innovators involved in a dynamic complementarity
setup, compared with the baseline. The difference
between the time scores for both groups of
participants, however, became nonsignificant. Quality
scores remained similar to the first assignment, and
the difference between these scores was statistically
significant (75% versus 62%, respectively). Quality
per time unit became significantly higher for
innovators involved in a stable complementarity
setup, rather than in a dynamic complementarity
setup (1.53 versus 1.22%/min., respectively).
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Table 4. Descriptive Statistics

Factors Value mapping Ne Min. Max. Mean  Std. dewv.

Adaptive/innovative cognitive Theoretical mean 88 97 141 111 9.807

style 96

Year born Continuous value 88 1967 1997 1988 6.944

Marital status 1 - Single 88 1 3 1.27 0.473
2 - Married

3 - Divorced
4 - Separated

5 - Widowed
Education 1 - High School 88 1 5 2.7 1.176
2 - Associate
3 - Bachelor
4 - Master
5-PhD
Experience in 1 - None or little 88 1 6 4.01 1.246
programming 2-Upto 1 year
3 - 1-2 years
4 - 2-5years
5-5-10 years

6 — Over 10 years

Experience in 1 - Never used 88 1 4 2.49 0.661
JavaScript 2 - Used only a few times
3 — Regular user

4 - Expert
Number of programming 1 - None 88 1 5 3.7 0.899
languages 2 - Only one

3 - Two-three

4 - Four-five
5 — More than five
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Table 5. Summary of Expected Versus Obtained Results

Natallia Pashkevich, Darek M. Haftor

Session Scores in p value Expected Obtained

complementarity results results

setups
Stable  Dynamic
S (D)

Time, min.
1. Nonaligned IT system 42 33 0.009 S>D S>D
2. Aligned IT system 49 51 0.454 S>D S<D
3. Learning effect 47 45 0.567 S>D S>D
Quality, %
1. Nonaligned IT system 77 63 0.006 S<D S>D
2. Aligned IT system 75 62 0.002 S<D S>D
3. Learning effect 73 61 0.032 S<D S>D
Quality per time (% / min.)
1. Nonaligned IT system 1.83 1.91 0.094 S<D S<D
2. Aligned IT system 1.53 1.22 0.026 S<D S>D
3. Learning effect 1.55 1.36 0.156 S<D S>D

The results demonstrate that compared with the
second assignment, time scores decreased for the
participants involved in both complementarity setups
when performing the third assignment; however,
average assignment completion time increased by
2 minutes (4%) for innovators involved in a stable
complementarity setup and by 6 minutes (12%) for
innovators involved in a dynamic complementarity
setup, compared with the second assignment.
Quality did not
in a comparison with the second assignment

scores change significantly

(73% versus 61%, respectively). The difference
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between quality per time became statistically
nonsignificant for both groups of participants.

To demonstrate the accuracy and credibility of the
obtained results, the types of validity and reliability
issues addressed in the quantitative research were
considered (Cook et al., 2002). To ensure conclusion
validity, normality, homogeneity of between-group
of

matrices, and sphericity of within-group variance,

variance, homogeneity variance-covariance
the assumptions were not violated. The reliability
of the treatment implementation was fixed on the

developed website, the treatment did not change
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throughout the period of study, and the treatment
was similarly applied to all the participants.
The threat of the construct validity such as
(Cook et al, 2002) was

minimized by not informing the participants about

hypotheses guessing

their cognitive style and complementary factors
under investigation. The Hawthorne effect (Campbell
& Stanley, 2015) was minimized by using voluntary
and anonymous participation. The threat of the
experimenter expectancies was also minimized by the
research designs. The internal validity of the study was
ensured by a short duration of the experiment. External
validity was also ensured by providing international
access to the experimental website. Professionals
who participated in the experiment enforced realism
and representativeness of the target population.

5. Discussion
Increasing productivity has been and remains a
major concern for many business sectors (Ajzen,
2011; Nagle, 2018), including software development
organizations. In this experimental study, individual
productivity, in terms of time and quality of the
developed product, was compared when software
programmers with innovative cognitive style were
involved in two different complementarity setups
(i.e., stable and dynamic) in a situation when a more
aligned with the work process IT system was used.
Although the completeness of the experiment was
disrupted, the results obtained in the study provide
implications for the theory by addressing several
issues. First, the study contributes to the literature
that calls for investigations of the underlying factors
of software programmer productivity (Chilton et al.,
2005; de Barros Sampaio et al., 2010; Tonelli et al.,
2013; Tomaszewski & Lundberg, 2005; Trendowicz
& Miinch, 2009). These studies have highlighted that
productivity of an individual software programmer
can be affected by factors including technology,
task, personal, and organizational characteristics.
Thus, this study contributed to this literature by
demonstrating how these factors can be synchronized
to increase individual programmer productivity.
Second, this study contributes to the literature
that has investigated the underlying factors of
individual knowledge worker productivity (Aral
et al., 2012; Hopp et al.,, 2009; Palvalin et al., 2013).
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These studies have reported an increasing need
for research on underlying factors of individual
knowledge worker productivity. The results showed
that knowledge workers with innovative cognitive
style have different performance, depending on the
context of complementarities they interact with.
Thus, the results of this study also contribute to the
knowledge worker productivity literature because
software programmers are an appropriate category of
this type of workers (Hernandez-Lopez et al., 2015).

Third, in the first and third sessions, the innovators
involved in a dynamic context worked faster but
with a significantly lower quality than the innovators
involved in a stable context who worked slower but
generated a higher quality of the software product.
The reason for this phenomenon could be that in a
dynamic setup, the operational process was designed
in a manner that provided fewer guidelines for
programmers and shortened the time to perform
the assignment, yet generated poorer quality. The
difference in quality can also be caused by innovators’
tendency to ignore the rules and avoid details (Kirton,
1994). Innovators involved in a dynamic context
had a greater change in completion time when they
learned an aligned IT system in the second session,
but they learned this I'T system faster than innovators
involved in a stable context, as demonstrated in the
third session. Additionally, the study demonstrated
that the learning effect has just started; thus,
the learning effect of using a new IT system
requires more than two runs in the experiment.

Overall, the study showed that individuals with
innovative cognitive style demonstrate different
behavior and productivity when involved in stable
versus dynamic complementarity setups and
provided support for the systems approach of the
complementarity theory (Milgrom & Roberts, 1990,
1995), regarding how the use of IT systems may
generate productivity gains at the level of an individual
worker, by formulating and testing two differing and
unique complementarity setups. In the literature
on complementarities and their effect on individual
IT-enabled productivity, only a limited number
of factors have been investigated, including the IT
system and work process (Aral et al., 2012; Athey
& Stern, 2002; Autor et al., 2003). Overall, all three
studies provided incomplete results due to challenges
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in complementarities management and difficulties
demonstrating the complementary effect between a
limited number of factors (Porter & Siggelkow, 2008).
With complementarity setups developed by referring
to the systems approach of the complementarity
theory, we could overcome this limitation and
materialize complementarities by applying a
systems approach of the complementarity theory.

The results of this experiment enable managers
to understand and investigate how complementary
IT-enabled
productivity. Understanding the impact of IT systems’

factors  contribute to individual
use and factors supporting a successful deployment
may be useful when planning the introduction and
use of new IT systems. Our findings suggest that
managers can more successfully implement and
use an aligned IT system if they effectively capture
complementary factors. Individual cognitive style,
a work process structure, and specific human
resource management practices were observed to
be part of a mutually reinforcing cluster associated
with higher individual IT-enabled productivity.

The results and insights of this study also provide
recommendations for further research. First,
during this online experiment, we realized that a
greater number of runs are required before and
after a more aligned IT system is used to obtain
saturation in IT system learning and productivity
data. Second, because data for only innovators was
collected, further research can provide additional
insights by studying individuals with adaptive
cognitive style either in an online experiment or
in a laboratory experiment with multiple runs that
can provide high control over circumstances. Third,
both productivity metrics (time and quality) must
be closely monitored to understand the impact of
complementarity setups and identify the optimal
trade-off between them. Future experimental studies
could reflect actual real-world practices by providing

a more detailed consideration of complementarities.

5. Conclusion

Over the last decades, leaders in the area of
organization economics have emphasized that
an organization cannot be considered a black
box anymore, and complementarities may play a
critical role in increasing IT-enabled productivity.
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Additionally, the literature that has investigated factors
affecting knowledge worker productivity, including
software programmer productivity, highlights the
importance of the synergistic fit between different
factors to increase IT-enabled productivity. Based
on the systems approach of the complementarity
theory, literature on cognitive style differences, and
operational process structure and human resource
management practices, two hypotheses were
developed to assess, in an online experiment, the
impact of stable and dynamic complementarity setups
on individual productivity in a situation when a new,
more aligned with the work process IT system was
used in comparison with a less aligned IT system.

In this study, we were able to collect data mostly
for innovators; therefore, the completeness of the
experiment was disrupted. Yet, we were able to test
how IT-enabled productivity of individuals with an
innovative cognitive style is affected by stable and
dynamic complementarity setups. Overall, the results
suggest that software programmers with innovative
cognitive style demonstrate different productivity
outcomes when involved in either stable or dynamic
complementarity setups and provide support to the
systems approach of the complementarity theory.

Finally, to address limitations of this study,
designs of further experiments should include a
longer learning curve before and after a new IT
system is introduced and used. Time and quality
must be closely examined to understand the impact
of the complementarity factors and optimal trade-
offs between them. More research is also required
to investigate whether online work environments

attract individuals with a particular cognitive style.
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