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Figure 1: The Ampli® tum framework for contextual reproducibility in Human-Computer Interaction research.

Abstract

Although most reproducibility frameworks are generic enough to
apply across a wide range of scientific domains, they may fail to
capture the specific dimensions relevant to particular fields, such as
Human-Computer Interaction, where interactive prototypes must
be evaluated in the context of use involving users, devices, and
environments. To address this aspect, we introduce Ampli* tum, a
contextual reproducibility framework that extends general replica-
tion types to cover interactive systems with (1) replication along
various contextual dimensions, (2) extension and generalization of
previous studies using different populations, and (3) repurposing
studies with goals different from those of the original research.
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To demonstrate the applicability and utility of our framework, we
report case studies in gesture-based input. In our first example,
we classify existing gesture elicitation studies using our revised
terminology. In the second case, we replicate a previous user study
under different contextual conditions. Finally, we propose recom-
mendations for the implementation of replicability in HCI.
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1 Introduction

The reproducibility of research artifacts, ranging from software and
datasets to scripts, raw data, and hardware designs, has become a
cornerstone of scientific and technological progress. While exist-
ing frameworks, such as those from the Association of Computing
Machinery (ACM) [1,2], focus on ensuring that artifacts are repro-
ducible within precisely defined setups, the diverse contexts of use
in which these artifacts are used present unaddressed challenges.
For example, the ACM review and badging system [2] employs two
dimensions—team and experimental setup—to define repeatability
(same team and same experimental setup), reproducibility (different
team, same experimental setup), and replicability (different team,
different experimental setup) of artifacts, where an artifact is any
“digital object that was either created by the authors to be used as
part of the study or generated by the experiment itself” [2].

While this classification is broadly applicable in science and
engineering, it does not completely capture the fine granularity
of experiments and studies conducted in specific fields, such as
Human-Computer Interaction (HCI). In HCI, artifacts, such as inter-
active applications and their user interfaces, are typically evaluated
in relation to the context in which they will be used. The context
of use subsumes three dimensions [11,17,18]: the end user (e.g., a
user profile) and the corresponding interactive tasks (e.g., through
a task model), the device/platform used to carry out these tasks (e.g.,
smartphone, laptop, electronic ring, etc.), and the environment in
which the tasks are performed (e.g., the physical setting and the
organizational and psycho-social aspects of the environment). Tra-
ditional approaches to reproducibility often focus on the ability to
replicate results under identical experimental conditions, implicitly
assuming the same context of use. However, interactive systems
and the complexities of modern scientific research require a broader,
context-sensitive approach to reproducibility.

Contextual evaluation means that an artifact is evaluated in an
explicitly defined context of use. Unfortunately, this context is not
always clearly articulated in experiments or research papers, which
obscures the conditions in which the artifact might be applicable
or reproducible. This is a significant drawback since variations
in contextual dimensions, such as user experience, computational
platforms, operating environments, and application domains, can
impact reproducibility, making it imperative to develop a more flex-
ible framework representative of these dimensions. Furthermore,
there is no formalization of how replications could be implemented
for the specifics of contextual evaluation or how existing findings
could be generalized across diverse contexts of use [11].

A framework that extends artifact reproducibility across contexts
of use, addressing the complex interplay of technical, human, and
environmental factors, would benefit a broad range of stakehold-
ers, including the potential for reproducibility in interdisciplinary
research involving human factors. This framework should ensure
the credibility and longevity of research and foster innovation by
enabling broader adoption and adaptation of artifacts. To address
this need, we present in this work Ampli*tum, an extended frame-
work for contextual reproducibility in HCI. Borrowed from Latin,
we use the term “ampliatum” to denote the extension or broadening
of existing replicability concepts to cover the specific challenges
of replication in HCI. The term also appears in the name of orchid
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species, such as Oncidium ampliatum, a yellow-flowered orchid
with distinctive pseudobulbs, which we use in this work for visual
representations of our framework; see Figure 1. To this end, we
make the following contributions:

(1) We introduce Ampli-~tum, a framework for contextual re-
producibility of artifacts in the field of HCI, implementing
specific reproducibility types involving users, platforms, and
environments in conjunction with the collected data, the
research method, and the researchers’ goals; see Figure 1.

(2) We define new terminology to refer to specific types of repli-
cation addressing users (cross-cohort replicability), platforms
(cross-platform replicability), environments (cross-environment
replicability), and contexts of use (cross-context replicability),
which refine existing replication concepts according to key
elements of the context of use [11].

(3) To showcase the applicability and utility of Ampli*tum and
its corresponding terminology, we discuss replications in
gesture elicitation studies [59], a specific type of participa-
tory design in which end users propose gesture commands
they would like to use for interactive systems. We also con-
duct new replications in different contexts of use of previous
gesture elicitation studies involving electronic rings [21,22].

2 Related Work
2.1 Reproducibility Outside Computer Science

Reproducibility is the foundation for cumulative scientific knowl-
edge and progress, ensuring that research findings are consistent,
reliable, verifiable, and constitutes a fundamental prerequisite to es-
tablish scientific validity [27,43]. Reproducibility requires clear doc-
umentation of methods, experimental designs, and procedural de-
tails, along with the availability of relevant resources. The absence
of publicly accessible data presents a real barrier to reproducibility,
repeatability, and verifiability, as the data collection process can be
arduous and resource intensive [41].

In recent years, the issue of reproducibility has attracted increas-
ing attention. Although many studies adhere to rigorous methodolo-
gies and maintain transparency in their procedures, reproducibility
extends beyond replicating an experimental setup. Instead, it re-
quires ensuring that the research findings remain valid and reliable
in different contexts of use [8] involving variations in the team
conducting the research, the platforms employed, and the environ-
mental conditions under which experiments are administered [11].
The term “reproducibility crisis” [45] describes the difficulty in repli-
cating scientific studies, raising concerns in multiple disciplines.

A variety of conceptual frameworks have been proposed to im-
prove reproducibility in disciplines outside of computer science.
Goémez et al. [25] identified twenty-seven distinct frameworks for
classifying reproducibility. Dreber and Johannesson [19] developed
a typology for assessing reproducibility and replicability in eco-
nomics, categorizing studies into five types (i.e., computational
reproducibility, recreate reproducibility, robustness reproducibility,
direct applicability, and conceptual applicability) and proposing
specific indicators for evaluation (e.g., comparisons across differ-
ent populations). In health and social sciences, Vissoci et al. [56]
presented a framework for reproducible research, emphasizing the
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integration of open-source technologies in data analysis and dissem-
ination. Within medical research, Pokutnaya et al. [40] proposed a
framework comprising twenty-two elements in six categories that
aim to improve the transparency and reproducibility of computa-
tional models of infectious diseases. Choi [12] developed a repro-
ducible framework to ensure transparency and quality in nursing
research to promote evidence-based practice.

2.2 Reproducibility Inside Computer Science

Several frameworks have been proposed to characterize the repro-
ducibility of experiments, such as formalizing reproducibility in
empirical software engineering [16]. For example, Anchundia and
Fonseca C. [5] identified tools for maximizing reproducibility, not-
ing differences between human-oriented and technology-oriented
experiments. Mendonca et al. [35] proposed FIRE, the Framework
for Improving the Replication of Experiments, to address knowl-
edge sharing issues in replications. Gonzalez-Barahona and Robles
[26] explored elements characterizing reproducibility in studies
based on development repository data, emphasizing the need for
a systematic approach to reproducibility. Cordeiro [15] proposed
a framework to promote reproducibility in software engineering
experiments focusing on provenance, preservation, and curation
of research artifacts. Kedron et al. [31] advocated for an approach
to geographical analyzes that goes beyond computational repro-
ducibility, emphasizing the importance of evaluating the validity of
the conclusion and its evidence. Also, Mondelli et al. [36] proposed
a conceptual framework ensuring the reproducibility of computa-
tional experiments while adhering to the FAIR (Findable, Accessible,
Interoperable, Reusable) principles [7]. Patil et al. [38] introduced a
visual notation to indicate how reproducibility is addressed. Peng
[39] argued that scientific articles are not replicable unless their
artifacts are made available by releasing data and source code [20].

2.3 Reproducibility in HCI

The HCI research community has also acknowledged the impor-
tance of reproducibility, namely via RepliCHI [57]. However, the
replication rate, evaluated in 2014, was exceptionally low, about
3% [29]. To advance the field, the HCI community must further
embrace reproducibility, particularly in cases where findings chal-
lenge prior results [28]. Noteworthy, the term “replication” has been
widely adopted within HCI, whereas “reproducibility” has remained
prevalent in other scientific disciplines [27]. Unfortunately, this dis-
tinction in terminology has contributed to conceptual ambiguity, a
challenge that also extends across multiple scientific fields.

2.4 Gesture Elicitation Studies

To illustrate Ampli“ tum, we present in Sections 5 and 6 two case
studies involving gesture elicitation. In the following, we briefly
review the corresponding methodology. A gesture elicitation study
(GES) [58,59] presents participants in an experiment with the effects
following a command in an interactive system, and elicits gestures
that trigger those effects. For example, Zaiti et al. [60] elicited mid-
air gestures to control various functions of a smart TV, such as
“turn the TV on and off” and “go to the next and previous channels”
These system functions are called referents [59], for which the
user-proposed input may take the form of any symbol or action
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relevant to the interactive system, such as gesture commands, key
presses, eye gaze input, or voice commands. Subsequently, the
practitioner analyzes the elicited proposals to understand the level
of consensus among users. REPLIGES [24] is a conceptual space for
conducting replications of gesture elicitation studies, which we use
as a foundation for our exploration; see next.

3 Foundations

We build on previous classifications of reproducibility in scientific
research [27,39,50], ACM’s definitions of artifact review and badg-
ing [1,2], and the replication types introduced by Gheran et al. [24]
in the specific context of conducting end-user elicitation studies in
HCI (see Figure 2). Next, we briefly summarize these concepts.

3.1 Artifacts

ACM [2] defines an artifact as “a digital object that was created by
the authors to be used as part of the study or generated by the ex-
periment itself” In general computer science, artifacts may include
software, electronic components, system models and architectures,
or data collected with or generated by these systems. In HCI, arti-
facts often take the form of interactive prototypes, user interfaces,
experimental designs, or the data collected from participants in a
user study. Following [24], we differentiate between reviewing the
same data (verifying the analysis), collecting new data from the
same participants (repeating the study) and collecting new data
from new participants in relation to specific artifacts.

3.2 Research Team and Experimental Setup

The method of analysis, proposed by Tsang and Kwan [50], specifies
possible replication types, of which ACM [2] implements varia-
tions in team and setup. However, we note a key omission in the
ACM’s [2] team dimension, where the configuration “same team,
different setup” is not covered, although relevant when the same
team wishes to conduct a variation of the original study to expand
on previous findings in relation to a variation in the context of use.

3.3 Types of Reproducibility

Goodman et al. [27] highlighted three types of reproducibility: (i)
method reproducibility strives to make the data and experimental
setup fully accessible so that the experiment can be repeated; (ii) if
the experiment can be repeated with the same results, results repro-
ducibility is accomplished; and (iii) with inferential reproducibility,
the same conclusion is obtained by another inference method, such
as a different statistical test. Besides these types, we argue in this
paper that contextual reproducibility is the key to the field of HCI,
where interactive prototypes, user performance, and user experi-
ence are studied in context. In terms of both method and results
reproducibility, contextual reproducibility strives for generalization,
extension, and repurposing of artifacts for new discoveries in HCI.

3.4 Types of Replications

Tsang and Kwan [50] classified replications on two dimensions:
sources of data (same data set, same population, and different popu-
lations) and changes in the method/procedure (same measurement
and analysis, different measurements and/or analysis). Six types
were defined: checking of analysis (which corresponds to ACM’s [2]
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Figure 2: The REPLIGES space, reproduced from Gheran et al. [24], originally introduced for end-user gesture elicitation studies.
From this space, we adopt the concepts of extension, generalization, and repurposing to describe reproducibility in context in
Ampli“’tum. Note that two key elements of the context of use, platform and environment, are not present in REPLIGES.

repeatability), reanalysis of data (different procedures are used on
the same data), exact replication (the same study conducted with
new participants from the same population), conceptual extension
(new procedure applied to new participants from the same popula-
tion), empirical generalization (the same procedure used as in the
original study but on a new population), and generalization and
extension (new procedure and new population). The team involved
in the replication is not considered important, but the population is.
Since generalizations of the findings of one study to other popula-
tions can be insightful in consolidating HCI knowledge about how
users engage with interactive systems, we rely on the population
dimension next to those of data and participants by considering the
scenario in which new data are collected from participants sampled
from a population different from the one in the original study.

In the field of HCI, Hornbzek et al. [29] distinguished among
three types of replication: a strict replication, which reuses the same
variables from the original study, a partial replication, which intro-
duces controlled variations to investigate how the original results
hold in a different setup, and a conceptual replication, which applies
other measurement methods. Moreover, the following specific repli-
cation types were proposed in the RepliGES framework introduced
by Gheran et al. [24] (Figure 2):

o Repeatability. The data from the original study are reana-
lyzed with the same method to verify if the same results are
obtained. This replication type connects to Tsang and Kwan
[50] “checking of analysis” and ACM’s [2] “repeatability”.

o Reproducibility. The data from the original study is revis-
ited with a new method, while maintaining the research
question. The study may be conducted by an independent
team, as in ACM’s [2] definition of “reproducibility,” or by

the original researchers, i.e., what Tsang and Kwan refer to
as a “reanalysis of data” [50].

o Replicability. The research team collects new data, either
from the same participants of the original study or new
participants to verify if the original results can be confirmed.

o Extensibility. The research team employs a new method on

the data collected from new participants, i.e., they perform a

“conceptual extension” [50] of the original study.

Generalizability. The research team runs the study by em-

ploying the original method, but with a sample of partici-

pants from another population to check whether the original
findings generalize to the new population.

Repurposability. The data are used for a new goal to discover

something new about the same or a new population.

It is important to note that Gheran et al. [24] applied these repli-
cation types across users, populations, and methods within the
specific application domain of gesture elicitation studies, but did
not address platforms or environments. In the next section, we
extend their framework toward contextual reproducibility in HCL

4 Ampli“’tum, a Framework for Contextual
Reproducibility in HCI

Building on the prior work reviewed in the previous sections, we
highlight the need for specific types of replication and correspond-
ing terminology to better support both the development of inter-
active prototypes and the reproducibility of empirical findings in
interactive systems. In Subsection 4.1, we summarize the key ele-
ments that specify the context of use. In Subsection 4.2, we introduce
extensions to existing frameworks to address the specifics of HCI
replications in relation to context, instantiated in Ampli-tum.
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Table 1: Terminology for contextual reproducibility in HCI studies and interactive systems.

Users Platforms Environment Interpretation / Type of study

Terminology

* = Different users
* = Different platforms
= = # Different environments
# * Different platforms and environments
* * = Different users engaging with different platforms
* = * Different users in different environments
* * * Different users, platforms, and environments

= = All conditions are the same

Repeatability

Cross-cohort replicability
Cross-platform replicability
Cross-environment replicability
Cross-context replicability (variant)
Cross-context replicability (variant)
Cross-context replicability (variant)
Cross-context replicability (variant)

Legend: = denotes the same condition and # a different condition in terms of the elements of the context of use.

4.1 Elements of the Context of Use

The three key pillars of the context of use [11,17,18]—users and
their tasks, devices and corresponding platforms, and environ-
ments—provide a holistic approach for contextual reproducibility.

4.1.1  Users and tasks. Reproducibility is defined not just by iden-
tical conditions, but also by ensuring that both implementation
and results are consistent across a range of typical users and tasks.
However, different users may interpret instructions, data, and tasks
in varying ways and, consequently, their background, expertise,
and goals can significantly influence reproducibility outcomes. To
address this aspect, protocols and documentation are needed to ex-
plicitly present user roles (e.g., their job), tasks (e.g., duties assigned
to jobs), and goals (e.g., high-level mission statement). Adaptation
of tasks and procedures should be accounted for meaningful con-
textual replication during the scientific investigation.

4.1.2  Devices and platforms. Reproducibility encompasses achiev-
ing consistent implementation and identical or equivalent results
on diverse devices and computational platforms (e.g., smartphones,
desktop computers, smart wearables such as electronic rings, table-
tops, cloud services, and supercomputers). Differences in hardware,
operating systems, and software configurations across these devices
and platforms can lead to variations in user performance, ultimately
affecting replication outcomes. Reproducibility frameworks should
therefore account for this dimension through conceptual extension
and refinement, ensuring that results hold across different devices
and platforms, rather than just replicating the computational en-
vironment. The corresponding methods and tools should also be
compatible with a wide range of devices and platforms, e.g., stan-
dardization of software packages, portability of data formats, and
implementation of computational workflows represent essential
technical aspects in the engineering of interactive systems to ensure
that results remain consistent during replications.

4.1.3  Environments. The physical, social, and organizational en-
vironment in which HCI research is conducted also impact repro-
ducibility outcomes. For example, factors like laboratory conditions,
network bandwidth, access to online resources, and collaborative
frameworks involving multi-user [46], multi-device [10], and multi-
component [52] interactions can impact the execution and results of
scientific work. Environments with unfamiliar, unconventional, or
extreme characteristics [51] further increase the complexity caused
by these factors. Consequently, reproducibility frameworks should
explicitly account for environmental characteristics.

4.2 Types of Contextual Replications

To represent the dimensions of the context of use in relation to
replication challenges, we use the flower metaphor in Figure 1 to
distinguish among the user (i.e., same or different participants), the
population (i.e., same or different population), and the data (ie.,
same or different). We apply the same approach to the platform
and environment elements of the context of use in relation to the
research method and the researchers’ goal. For example, recon-
ducting a study with the same platform and the same goal leads to
repeatability, while changing both the environment and the method
leads to generalizability. Based on these concepts, we define the
following types of contextual replications in HCI; see Table 1.

4.2.1 Cross-cohort replicability. This involves reproducing a study
or experimental procedure using a new group of participants who
differ meaningfully from those in the original study. Differences
may cover variations in population sampling, demographic factors
(e.g., age, gender, profile), geographic characteristics (e.g., ethnic-
ity, country, continent), and social, cultural, or temporal aspects.
This approach tests the generalizability and robustness of findings
in diverse populations. For example, a researcher might wish to
validate the scalability of a machine learning model by running a
cross-cohort replication based on a dataset from a user demographic
different from the original training set. A study conducted with
the same participants as the original is described as co-cohorted
whereas one with different participants is called re-cohorted.

4.2.2  Cross-platform replicability. In this case, reproducing a study
or experimental procedure (e.g., a system evaluation, a user interac-
tion experiment) involves a computing platform that is technically
or functionally different from the one used in the original study.
This may involve differences in software (e.g., operating systems,
network protocols), hardware (e.g., desktop vs. mobile vs. wearable
devices), or interaction capabilities (e.g., voice vs. gesture input
as part of natural interaction). This approach tests the generaliz-
ability and robustness of the findings across diverse technological
spaces [30]. For example, a researcher might wish to evaluate the
generalizability of an interaction technique by running a cross-
platform replication on a mobile device, in contrast to the original
desktop-based implementation. Another example is computational
cross-platform applicability, which is abstract enough to encom-
pass both software and hardware changes. A study carried out with
the same platforms as the original is described as co-instrumented,
whereas one with a different platform is called re-instrumented.
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Figure 3: Examples of published studies representing various replication types according to the categories of Ampli® tum.

4.2.3 Cross-environment replicability. This involves reproducing a
study or experimental procedure in a physical environment that
differs significantly from the setting used in the original study. Dif-
ferences may cover aspects of mobility (e.g., moving the study from
a laboratory to a real-world deployment), geo-relocation (e.g., from
one geographic location to another), or between different infras-
tructural, cultural, organizational, and institutional environments
(e.g., from the headquarters to a local agency). This approach tests
the generalizability, environmental robustness, and the ecological
validity of the original findings. For example, a researcher wishes
to examine the ecological validity of previous results by carrying
out a cross-environmental replication in a public co-working space
(in situ), contrasting with the original lab-based environment (ex
situ). A study carried out in the same environment as the origi-
nal is described as co-located, whereas one involving a different
environment is called re-located.

4.2.4 Cross-context replicability. This type of replication covers
any combination of the above, involving a new context of use that
differs from that of the original research. Any form of cross-type
replicability constitutes a particular case of cross-context replica-
bility; see Table 1. A study conducted within the same context of
use as the original is described as co-contextualized whereas one
involving a different context is called re-contextualized.

5 Situating Existing Replications with
Ampli“tum

In this section, we illustrate the use of Ampli~tum to position
existing replications in HCI, for which we adopt the use case of
gesture elicitation studies. In these studies, users propose gesture
input they would like to use to control interactive systems, such as
multi-touch gestures for interactive tabletops [59].

Figure 3 shows examples of replications conducted in previously
published studies across cohorts, platforms, and environments. For
example, Nacenta et al. [37] re-invited the same participants in the
same environment after twenty-four hours to investigate whether
they still remembered the gestures proposed a day ago, also main-
taining the same platform; see the top-left part in Figure 3. Accord-
ing to our terminology, this involves conducting a repeatability of

the original study. Schipor and Vatavu [44] is another example of
repeatability by involving the same participants, whereas Gheran
et al. [21] involved the same environment, same platform, but new
participants, representing a cross-cohort replication.

Sluyters et al. [47] performed replication across a different plat-
form, where they re-computed the agreement rate for gestures
proposed in the same experimental room, but using a different
platform to ensure the correctness of the calculations; see Figure 3,
top-middle. Zaiti et al. [60] used a different platform, represented
by a Leap Motion controller, to elicit mid-air hand gestures for a
smart TV setup in the same environment as a previous study [53].
By changing the environment and maintaining the same platform,
Magrofuoco et al. [32] conducted a gesture identification study to
refine and check the results of a previous elicitation study; different
participants were involved, but the experimental setup remained
consistent. Similarly, Rust et al. [42] adapted Wobbrock et al’s [59]
study on tabletop interaction by eliciting gestures from children,
carried out in a different environment but with a similar platform;
see Figure 3, bottom left. When both the environment and platform
are different, cross-context replicability is achieved. For example,
Soni et al. [48] compared gestures proposed by children and adults
on spherical displays to gestures proposed on flat tabletops [49],
while Andrei et al. [6] elicited on-chair gestures involving a dif-
ferent platform (armchair, office chair, and stool) in a laboratory
environment, replicating a previous study where wheelchair users
were elicited about their preferences for on-wheelchair input [9].

Within the same population, collecting data from different par-
ticipants can lead to cross-cohort replicability. For example, Gheran
et al. [21] replicated a gesture elicitation study involving smart
rings to understand whether the same gesture set would merge
again with new participants, five years after the original study [22].
Within the same environment, Vatavu and Gheran [54] analyzed
whether on-body gestures proposed by different participants on
different regions on the arm possess the same articulation charac-
teristics. Lastly, Gheran et al. [23] reutilized existing data [22] to
report new discoveries about the articulation of bimanual gestures
detected with electronic rings worn on both hands; see Figure 3,
right for the extensibility and replicability categories.
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Table 2: Comparison of several contextual replications of a gesture elicitation study [22].

Study n  Population Method Team Goal Platform Environment

Original study [22] 24 General Agreement rate, thinking time, 3 Consensus set  Ring Zero ~ Laboratory
goodness of fit

Replication [21] = = = = = = =

Repurposing data [23] = = Allen’s Interval Algebra # = Classification = =

Study 1 (Section 6) 30 # = = 5%#  Generalization = Office

Study 2 (Section 6) 30 # = = 6 #  Generalization = Library

Study 3 (Section 6) 30 # = = 6 #  Generalization = Office

Study 4 (Section 6) 30 # = = 6 #  Generalization = Classroom

Legend: = denotes the same condition, # denotes a different condition, e.g., the original team was composed of three researchers, while the

generalizations involved teams of at least five researchers.
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Figure 4: Agreement rates from various replications of an original study [22]. Error bars show 95% CIs.

6 Conducting New Replications with
Ampli®tum

The results of a GES are typically represented by a consensus
set, which contains the gestures that occur the most frequently
among the participants’ proposals, validated using agreement mea-
sures, primarily using agreement scores [59] and agreement and co-
agreement rates [55]. Several tools are available to help practitioners
implement GESs and analyze the elicited gestures [3,4,33,55].

To examine the effects of different types of replication carried out
in different contexts, we start with a study for which the data are
publicly available—[22], which was replicated in [21] for repeata-
bility and extended in [23] for repurposability. We designed four
replications, hereafter named Study 1 to Study 4, each involving a
different sample of 30 participants. The participants were instructed
to propose gestures for eleven referents. The method was the same
as in [22], consisting of calculating the agreement rates, measuring
thinking times, and eliciting ratings of the goodness of fit between
proposed gestures and the system functions they executed. Each
study was conducted by a different team comprising five or six
experimenters to preserve the autonomy of administration, reduce
the effect of habituation, and avoid the Hawthorne effect [34].

The repurposability of the original data reported in [23] did not
change the context of use, since data was already collected. The
replication reported in [21] represented a cross-cohort replication
since the participants were new, involving the same research team,

platform, and environment. Each of our four studies represents both
a cross-cohort replication by involving new participants from the
same population, and a cross-environment replication by placing
the participants in different environments compared to the one in
the original study. Therefore, they also represent cross-context repli-
cations. The main purpose of running these studies was to under-
stand the generalizability of previous results with the same device,
but in different environments: an office, a library, and a classroom
setting. Table 2 compares the replication [21], the repurposability
study [23], and our four studies addressing generalizability.
Figure 4 shows the agreement rates, computed using AGATe [55],
across individual referents. On averaged, we observed .161 agree-
ment in the original study, .090 in the replication, and .272, .226,
.246, and .169 in the four new studies, respectively. The replication
received the lowest average, the original study and Study 1 are com-
parable, and Studies 1 to 3 are also similar. Since the six replications
do not share the same number of referents, we performed two sta-
tistical tests: a first set of ¢-tests on independent samples involving
all referents and a second set on the common referents only. In sum,
a very limited number of statistically significant differences exists
among studies in terms of agreement rate: between the original
study and Study 1 (p=.027) with a small effect size (r=.360) on all
referents, between Study 1 and Study 4 (p < .0001) with a large
effect size (r=.79) on their shared 15 referents, between Study 3 and
Study 4 (p=.004) with a medium effect size (r=.630), and between
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Figure 5: Thinking time measured in replications with respect to the original study. Error bars show 95% CIs.

Study 2 and Study 4 (p=.042<.05), which are represented in Fig. 4.
No other t-test was revealed significant, thus suggesting that the
six replications did not produce many different agreement rates for
their respective parts, apart from a few cases.

The thinking time corresponds to the time, measured in sec-
onds, needed by a participant to propose a gesture for effecting a
given referent, originally used in [22]. To understand how thinking
time performed across the replications, we computed averages per
individual referents; see Figure 5. The shortest time (6.1s) was ob-
served in the original study while the longest (30.2 sec) in Study
3. For example, the “Turn TV on/off” referent received the short-
est time (4.2s) in the original study, yet the longest one (24.7s) in
Study 4, revealing differences caused by the cross-cohort and cross-
environment replications. Kruskall-Wallis tests showed that the
average thinking time was statistically different among the replica-
tions (H(5)=500.84, p<.0001), and post-hoc Conover-Iman tests [14]
revealed that, in most cases, the original study and the replication
were different than subsequent generalizations. These differences
are explained by variations in population sampling (cross-cohort
replicability) and setting (cross-environment replicability); see Ta-
ble 2. When a significant difference was detected, the effect size,
calculated using Cohen’s d [13], was small to medium.

7 Discussion

In this section, we offer practical recommendations for implement-
ing contextual reproducibility in HCI. While these take the form of

heuristics inspired by our specific application domain, we believe
they are broadly applicable to other fields where the context in
which artifacts are created, used, and studied plays a critical role.
Defining a study in HCI means controlling possible variations
in term of users, platforms, and environments, once the goal of the
study, the method, and the target population have been determined.
When context [11] is not explicitly specified or controlled, the fac-
tors not catered for can easily lead to a combinatorial explosion
of contextual possibilities and configurations. However, once the
target population has been specified, the number of participants is
determined according to objective aspects in generic experimental
science, such as statistical power, and subjective ones, such as the
experimenter’s goal. Results can be verified and validated through
repeatability by the same team, and reproducibility by a different
team or a different method [1,2]. Beyond reproducibility, new data
from new participants, possibly representing a sample from a new
population, can lead to extensibility, as in the RepliGES frame-
work [24]. In this case, cross-cohort replications enable researchers
to understand how original results hold in situations where the end
users of an interactive system present different demographics.
New in Ampli‘“tum, cross-platform replication is the first step
to diversifying the context of use, e.g., to investigate the potential
effects of the specific platform on results about user performance
or experience. We believe that cross-platform replications are in-
creasingly relevant in HCI given the evolving landscape of input
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and output devices, sensors, and operating systems featuring vari-
ous functionalities. In particular, transitioning across interaction
paradigms, from desktop to mobile to wearable computing, needs
replication studies to understand the effect of specific platforms on
users’ capacity to interact effectively and enjoy the corresponding
experience. The following step is cross-environment replication,
where the potential effects of the setting in which the study is con-
ducted can influence its results. We argue that cross-environment
replications become especially important in the context of mixed
worlds, featuring diverse combinations of physical and virtual.

When multiple elements of the context of use change, cross-
context replication is achieved. However, compared to the previous
cases, this comes at the expense of more factors that can vary, mak-
ing both the experiment design and data analysis more complex.
Increasing the number of researchers in the team, splitting replica-
tions across teams, and limiting the number of conditions for each
factor may prove beneficial to reduce team-induced treatment bias
and the risk of observing the Hawthorne effect.

8 Conclusion

We introduced Ampli®tum, a framework for contextual repro-
ducibility in the field of Human-Computer Interaction to address
shortcomings of existing generic replicability frameworks. To show-
case our framework, we reported findings from four new replica-
tions of an existing study involving user-defined gestures for smart
rings. Contextual reproducibility enhances existing reproducibility
types with elements specific to the context of use—users, platforms,
environments—relevant for validating scientific contributions in
HCI. Ampli‘“tum is intended for practitioners, who can rely on
their body of knowledge and the replication opportunities enabled
through contextual reproducibility to gain new insights and vali-
date existing information for interactive systems. Our framework
is also intended for HCI researchers to inform new experiments
and studies toward new findings about user behavior, performance,
and experience with interactive systems in new contexts of use.
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