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ABSTRACT
The reproducibility crisis refers to the inability to reproduce scientific experiments and is one of
science’s great challenges. Alarming reports and growing public attention are leading to the develop-
ment of services and tools that aim to support key reproducible practices. In the face of this rapid
evolution, we envision the unique opportunity for Human-Computer Interaction to impact scientific
practice through the systematic study of requirements and moderating effects of technology on
research reproducibility. In this paper, we report on the current state of technological and human
factors in reproducible science and present challenges and opportunities for both HCI researchers
and practitioners to understand, support and motivate core practices.
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INTRODUCTION
Reproducibility should be a cornerstone of science that enables reuse and independent research
verification. Yet, the inability to reproduce research has been reported in numerous scientific fields,
from Psychology to Physics [1]. Preserving and sharing research are core reproducible practices that
require efforts to describe, prepare and document resources [5]. But there is often no compelling
incentive or reward for researchers to undergo those efforts [7, 9]. Thus, extrinsic motivations, including
enforcing submission rules and restrictive funding schemes, are discussed and implemented.

Replication and reuse also concern Human-Computer Interaction (HCI). Recent work investigating
open science practices of CHI publications found that resources are rarely shared openly [9]. Such
reports add to ongoing discussions concerning the role and value of replication in HCI [14, 22]. But
HCI has a unique opportunity to impact reproducible practices beyond its own field through the
development of technology required to facilitate preservation and circulation of scientific data [19, 23].
In our research in the context of High Energy Physics (HEP) [11, 12], we learned about requirements
and opportunities designing technology for research reproducibility. Future, coordinated efforts are
needed to build a general framework that goes beyond the study of reproducible research practices
in very specific scientific domains. As we depict in this paper, HCI’s methods provide a unique
opportunity to systematically study needs and opportunities in science in general.

HCI’S ROLE IN REPRODUCIBLE RESEARCH

Figure 1: The design of tailored preser-
vation technology needs to reflect search
and reuse needs. Here, search facets of
CAP allow to access analyses relevant
to researchers in selected High Energy
Physics experiments.

Today’s availability of online technologies enables institutes, libraries and service providers to develop
platforms that support scientists in preserving and sharing their research [19, 23]. E-Science, which
can broadly be characterized as "the application of computer technology to the undertaking of modern
scientific investigation" [2], is expected to enable sharing and reuse [16, 17]. Emerging infrastructure
that supports e-science consists primarily of general data repositories and community-tailored services
[21]. General repositories are platforms that enable storing of heterogeneous data without imposing
a specific structure, thus making them suitable for all types of digital records in a variety of research
fields. Community-tailored services are designed to map the researchers’ workflows in a specific
target domain. CERN Analysis Preservation1 [6], depicted in Figure 1 and Figure 2, is an example1CERN Analysis Preservation is publicly avail-

able: github.com/cernanalysispreservation of such a tailored service. The service reflects workflow practices and reuse needs of data analysts
working in major HEP experiments. HEP, a strong example of e-Science, is one of science’s most
data-intensive branches and the context of our research. Tailored services can provide their community
with powerful means to preserve, discover and reuse research through domain-tailored language
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[6, 15]. Studying requirements of preservation technology and physicists’ perceptions of CAP, we
found that technology can play roles far beyond preservation and reuse [11]. In particular, we found
that a tailored service should not only provide tailored submission templates, but also design for
community-tailored incentives. Based on our research, we present challenges and opportunities for
HCI practitioners and researchers to better understand, support and motivate reproducible practices.

The Role of Practitioners

Figure 2: Analysis templates on CAP
are tailored to workflow practices
of High Energy Physics data ana-
lysts. The service is publicly available:
github.com/cernanalysispreservation

The design and operation of tools that support reproducibility profits from the involvement of HCI
practitioners at all stages of the technologies’ life cycle. Based on our involvement in the development
and support of preservation technology in HEP, we outline practice-oriented challenges:

Mapping Practices. As part of a platform’s design, research workflows need to be well understood.
Applicable to both platform types, this is particularly important for tailored tools. Service developers
need to involve target communities in the design process, to map submission, search and reuse needs.

Lowering Efforts. Given that the effort to document and share research is a main barrier, data
description mechanisms must be supportive. Well-designed submission forms, as well as auto-suggest
and auto-complete mechanisms that build on knowledge of research workflows are essential.

Ensuring Usability. Services need to be tested with users as crucial part of the design process,
to improve their usability and to detect barriers. This has to be a continuous process, as research
description templates on tailored services need to be adapted to novelty and creativity in science.

Providing an Interface. Given the necessary close involvement of practitioners with the research
community, HCI practitioners are in an ideal position to interface between technology developers
and researchers. Main responsibilities should include: promotion of infrastructure developments to
the research community; and feedback communication to the development team.

Emerging Research Challenges
The involvement of HCI practitioners in the design and operation of services for science replicability
allows to create a most supportive and efficient interaction with technology. Yet, minimizing the effort
is not necessarily enough to engage scientists at large [4]. HCI research has a unique opportunity to
impact reproducible practices through the systematic study of requirements and incentive structures:

Understanding Requirements. A pillar of HCI research is based on studying requirements of user
groups and populations, allowing to create design models and guidelines. In the context of reproducible
research, we need to further understand the requirements and connections of scientific communities
and individual researchers to preservation, sharing, infrastructure and knowledge lifecycles [16]. What
new forms of community interaction do platforms provide? What common requirements apply to
diverse forms of research, including computational, qualitative and descriptive research? And how do
requirements differ between these different research forms? Jackson and Barbrow [15] underline the
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value of studying requirements in field-specific investigations, pointing out the "need to supplement
or replace generic, tool-centered, and aspirational accounts of cyberinfrastructure development with
approaches that start from the individual histories of practice and value in specific scientific fields."

Incentives / Rewards. Research repositories often advertise a potential citation increase, as
emphasizing "the potential of data citations can affect researchers’ data sharing preferences from
private to more open" [13]. But despite the value of implementing and promoting meaningful benefits,
Rowhani-Farid et al. [20] report a lack of incentives in their systematic literature review in the medical
domain. They note that even though "data is the foundation of evidence-based health and medical
research, it is paradoxical that there is only one evidence-based incentive to promote data sharing."
They refer to open science badges [18] and conclude that "more well-designed studies are needed in
order to increase the currently low rates of data sharing."
A fundamental understanding of researchers’ needs enables description and implementation of

new incentive structures. In our research in HEP, we found that technology can create meaningful
incentives that profit contributing scientists in their work [11]. Our first interview study points to
secondary usage forms of preservation technology that can support coping with uncertainty and
stimulating useful collaboration. As our research shows, tailored systems can particularly profit from
a systematic study of incentives. They are adapted to a particular scientific domain and require a
thorough design process in order to provide tailored submission and reuse mechanisms. Extending
the research and design process to study and implement also tailored incentives and rewards seems
desirable. However, not all institutions and (specialized) research domains can afford implementation
and support of highly tailored systems. Thus, as stressed in our paper, future research needs to study
more general frameworks for incentives that can be applied across different research forms.

Motivational Design. In recent years, Gamification, "the use of game design elements in non-
game contexts" [8] has become a strong example of motivational design in HCI. Badges, one of
the most common game design elements, have shown to encourage research data openness in the
Psychological Science journal [18]. And also ACM announced the introduction of an even larger set of
badges that aim to incentivize reproducible practices [3]. Yet, we have limited knowledge about needs
and constraints of gamification in highly skilled scientific environments [10]. Our research on gamified
prototypes of a preservation service in HEP shows that gamification can provide motivation if scientific
practices are reflected in the design [12]. We contrasted two prototypes in a mixed-method study:
While one made use of most common game design elements (including points and leaderboards), the
other used a more informative language. Both were rated persuasive and suitable by the experimental
physicists that participated in our research. They highlighted how game mechanisms can provide
motivation through a fair representation of contributions and best practice efforts. We stressed that
future research needs to further study gamification in production preservation systems to learn more
about the use of motivational and persuasive design techniques in preservation technology.
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DISCUSSION & FUTUREWORK

Figure 3: HCI has a unique opportunity to
support and motivate reproducible prac-
tices through a fundamental understand-
ing of practices around preservation and
sharing. Non-conventional design tech-
niques can both create motivation and re-
shape researchers’ perception of the uses
of preservation technology.

As depicted in Figure 3, we envision an active role of HCI in understanding, supporting and motivating
reproducible practices. Taking the example of data analysis in natural science, we described starting
points for HCI practitioners and researchers. While it is important to note that our findings result from
research in HEP, we argue that the general nature of technology’s secondary uses is likely to profit
scientific fields beyond experimental physics. We expect HCI to contribute fundamental, empirical
knowledge about requirements for technology that supports reproducible research. Research is further
expected to describe opportunities and constraints of novel incentive structures and persuasive
design techniques in highly-skilled scientific environments. Our vision places further emphasis on the
importance of HCI practitioners in implementing and supporting the technological developments.

Taking an active position in reproducible science, we postulate that HCI can further its understand-
ing of the role and value of openness and replication in its own field. In their paper "Is replication
important for HCI?", Greiffenhagen and Reeves [14] ask to better understand aims and motivations of
replication in HCI. The authors state that "in order to focus the discussion of replication in HCI, it
would be very helpful if one could gather more examples from different disciplines, from biology to
physics, to see whether and how replications are valued in these." As HCI researchers and practitioners
study and support reproducible efforts in a variety of scientific domains, we will inevitably learn about
the value of replication and reuse in numerous fields. In this process, we will also need to learn about
varying needs, states and constraints of replication in very different areas of HCI.
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