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The voluntary nature of participation in many open collaboration platforms means platform managers and
system designers need to develop strategies to attract new participants and retain existing ones. Implementing
features that positively impact users’ motivational states will help address challenges surrounding user
recruitment and attrition. This paper reports on the design, implementation, and evaluation of one such
feature – novelty cues. Prior studies have shown that novel stimuli attract and increase attention towards
objects. Citizen science projects regularly ask volunteers to classify data that no other human has seen
previously. An experiment was designed where volunteers were shown novelty cues. The goal was to evaluate
the saliency of novelty in motivating participation among citizen science volunteers. The results showed that
under most circumstances, novelty cues are effective mechanisms to increase user motivation; however, its
effectiveness may be mediated by other factors such as existing system design and individual preferences for
novelty.
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INTRODUCTION

The success of many open collaboration platforms depends on voluntary contributions – in
Wikipedia, people write and edit articles, in free/libre open-source software (FLOSS) projects
people compile software code and documentation, and in citizen science projects people help
scientists by collecting and analyzing scientific datasets. A persistent problem plaguing open
collaboration is encouraging people to join, and once they join to remain active contributors.
People leave open collaboration platforms for a variety of reasons, including limited social support,
usability, lack of positive experiences, boredom, dissatisfaction with moderators, harassment, and
time constraints [12]. In a study of Wikipedia editors, Halfaker et al. [18] found newcomers were
discouraged from contributing because of the seemingly hostile nature of reverts (edits to their
articles) by experienced Wikipedia editors.
Open collaboration platforms implement features hoping to increase contributions. Frequently
drawing on established theories, conceptual frameworks, and methods originating in academic fields
including psychology, feminist studies, cognitive science, and organizational studies, one approach
to increase motivation is through positively influencing people’s motivational states Kraut et al. [30].
A scan of the literature in computer supported cooperative work (CSCW) and human-computer
interaction (HCI) yields a large swath of studies informed by theories and conceptual frameworks
(e.g., social recognition, feedback, goal-setting) introducing both intrinsic and extrinsic rewards as
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motivators to entice people to keep contributing. For instance, the Job Characteristics Model (JCM)
Hackman and Oldham [16], which postulates that when jobs possess attributes such as skill variety
and autonomy, task identity workers feel internally motivated, which leads to decrease absenteeism
and increased work effectiveness. The JCM attributes regularly materialize in the design of tasks in
open collaboration platforms with the goal of increasing individual motivation and satisfaction
[1, 22, 25, 26, 28, 33, 38, 42]. Given the potential to increase motivation, open collaboration like
online citizen science projects will benefit from taking stock of the varied system features and
social interactions which salient in influencing people’s motivational states.
Novelty is a characteristic of objects and environments frequently associated with increased
human attention. Novelty theory suggests that novel characteristics of an object or environment
(or stimuli) do not fit individuals’ expectations or existing categorization schema, which excites
a curiosity drive leading to increased attention. As people engage with new stimuli, rewards
materialize, and cognitive links between rewards and the stimuli are established, causing one to
continue to seek out rewards [35]. The interaction between the stimuli and rewards perpetuates a
positive feedback loop giving rise to curiosity and exploratory behaviors such as increased fixation
on the object [10].
This paper reports on the design, implementation, and results of an online field experiment
where novelty cues were shown to users. The experiment was conducted in three citizen science
projects. Citizen science projects recruit people to take part in scientific research by engaging
in tasks such as choosing research questions, collecting data, conducting exploratory analysis,
and analyzing datasets [11]. Citizen science projects rely on voluntary contributions making
motivation a pertinent concern for most projects. One type of citizen science task asks volunteers
to classify pre-existing datasets. For instance, in Galaxy Zoo, volunteers are asked to help scientists
categories images of galaxies that are captured by the Hubble telescope. Galaxy Zoo volunteers
answer questions about the morphological characteristics of the galaxies shown in images. Many
classification projects rely on redundant classification, where multiple volunteers classify an image
to provide quality responses. For volunteers, they may periodically encounter data never before
seen by other humans. In line with novelty theory, it is believed that exposure to novel images
(the stimuli) will excite curiosity and exploratory drives in volunteers compelling them to keep
contributing. The paper seeks to address the following question: What effect do novelty cues
have on volunteer motivation?
2

NOVELTY

Novelty is believed to induce curiosity which plays an important function in human activities
such as learning [32], problem solving [19], creativity [17], and general human development [24].
Daniel Ellis Berlyne has been influential in articulating curiosity’s development and influences on
human behavior[5–10, 15]. Berlyne [6] disentangled curiosity and its underpinnings in humans
covering forms of curiosity (i.e., epistemic and perceptual), the role of conflict in reconciliation
of curiosity, and the magnitude of curiosity’s arousal. Curiosity as “the condition of discomfort,
due to the inadequacy of information, that motivates specific exploration” Berlyne [10, p. 2]. In
articulating the foundations of novelty, Berlyne identified perceptual and epistemic curiosity.
Perceptual curiosity is described as a basic form of curiosity and the driving forces for seeking out
novel stimuli, predominately associated with non-humans, as it lacks goal orientation. Conversely,
epistemic curiosity, causes humans to seek out and acquire information-bearing stimulation to
bridge knowledge conflicts; a goal lesser observed in non-humans. Berlyne argues that conflict arises
when “inadequacy of information” arises, creating tension in one’s knowledge base, creating a drive
to reconcile the tension. An example of this form of conflict can be found in the type of curiosity
induced as a result of the introduction of new concepts to students in a classroom. As students
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are introduced to concepts which they cannot place squarely in existing knowledge structures,
curiosity drive arises to direct efforts to reconcile the conflict between the new information and
existing knowledge structures. As individuals learn, the conflict is reduced, and curiosity abates.
Berlyne’s writings articulated several vital points in evaluating human responses to curiosity.
First, curiosity responses are not homogeneous and depend on factors individual’s preferences for
curiosity and the environment in which curiosity arises. Simply some animals are more curious than
others, thus, leading to different responses to stimuli. The second is that responses are governed
by factors such as familiarity with the object or environment. Berlyne [6] argues that the most
curiosity arousing objects are those at which there is an intermediate level of familiarity; objects for
which we are entirely unfamiliar with arouses too few response tendencies (a principal operator for
inducing curiosity), and objects for which we are entirely familiar with aren’t interesting enough
to induce curiosity. Third, repeated exposure to stimulus evoking curiosity will have diminishing
effects on behavioral responses overtime, arguing these will decrease or disappear.
2.1

Novelty and its influences on human behaviors

To understand why novelty affects human behaviors, one must look towards literature unpacking
its origins, neurological processes, and physiological responses. Glanzer [15, p. 303] summarizes
the relationship between novelty and curiosity, stating, “When a novel stimulus affects an organism’s [brain] receptors, there will occur a driving stimulus producing response called curiosity.”
Only recently, using technologies such as functional magnetic resonance imaging (fMRI) could
neurobiologists observe and link novelty to responses in the human brain. Using fMRI imaging,
Bunzeck and Düzel [13] conducted an experiment to identify which brain regions become activated
when people are exposed to novel stimuli. In the experiment, participants were shown a series of
stimuli (i.e., images), some of which were novel. The results of their experiment reported increased
activation of the substantia nigra/ventral segmental (SN/VTA) when participants were exposed to
novel stimuli. Their research also showed that responses scaled depending on the magnitude of
the novelty represented in the stimuli. Other studies also implicate the hippocampus (important
in the formation of memories and is also associated with learning and emotions) and the amygdala (regulating and processing emotions ) as activated when humans respond to novel stimuli
[13, 27, 31, 34, 40].
The SN/VTA, hippocampus, and amygdala have all been implicated in perhaps the most relevant
neural mechanism for explaining the human response to novel stimuli - dopamine. Dopamine is a
neurotransmitter that regulates a variety of brain functions, including movement, learning, and
emotional responses to one’s environment. It also mediates the brain’s reward system. The primary
correlate between dopamine and curiosity (and novelty) is that dopamine is the chief motivational
component of reward-motivated behavior. Interacting with and anticipation of novel stimuli releases
dopamine in the brain providing the sensation of reward igniting a desire to continue seeking
out experiences satiating the emotion. Research attests to the surge of dopamine in stimulating
excitatory processes in the brain, e.g., curiosity and resulting physiological responses – increased
fixation with objects, for instance. Silvia [35] argues that as individuals engage with stimulating
environments, rewards are realized (mostly intrinsic), establishing cognitive links between these
rewards and engaging with the object.
Much like emotions such as anger and happiness occasions action, curiosity wontons physiological responses; these include amplified eye movements [2, 10], increased fixation with an object
[37] and prolonged engagement [29, 39]. Koster et al. [29] monitored subjects’ motor responses
to novel and familiar images to determine the linkages between impulsivity choice and novelty.
Subjects were asked to omit or perform actions by pressing a button based on the cues presented.
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The authors found that motor actions were faster when cued by novel images indicating increased
attention towards novelty.
Environmental factors also shape human response to novelty, adding to the complexity of
measuring novelty’s behavioral responses at the individual level, Berlyne [9] points out that “the
most rewarding situations were those with an intermediate level of novelty, between already
familiar and completely new situations.” In a study in which participants were shown patterns of
varying complexity, more eye movements were detected when images were novel to the participant
[10], but not entirely novel. Additionally, Koster et al. [29] found response was most active when
the delay between cues and action was short,” meaning how novelty cues are presented may impact
responses.
3

SETTING: CITIZEN SCIENCE

Citizen science involves laypersons as participants in research projects by engaging in tasks such
as choosing research questions, collecting data, conducting exploratory analysis, and analyzing
datasets. Citizen science projects can be in-person, online, or a combination of the two. For those that
are exclusively online, most projects ask volunteers to analyze pre-existing datasets. As an example,
in the Galaxy Zoo project, people are asked to view images obtained from powerful telescopes
and determine whether galaxies are present and their morphologies. Once the project collects
enough responses from volunteers, the classifications are handed to scientists to conduct further
analysis. This paper uses classification data collected from the submission of citizen scientists in
three projects on the Zooniverse platform [36].
3.1

Higgs Hunters

Astrophysicists at CERN are engaged in several scientific research projects to discover the Higgs
boson particle, a project which produces millions of images that scientists struggle to analyze.
To process the data, physicists, in partnership with developers from Zooniverse, launched Higgs
Hunters in 2014 [3, 4]. The Higgs Hunters project shows volunteers collisions recorded by the
ATLAS experiment and asks volunteers to help uncover the properties and origins of various
particles by classifying detector images. The task for the volunteers is to classify the detector
images for decay anomalies or appearances of off-center vertexes, which are indications that a new
uncharged particle was created but then decayed into other charged particles. The classification
interface is shown in Figure 1 (top,left). To record a classification, volunteers click on “Off-center
vertex” on the right-hand side of the window, then mark the location of the vertex and how many
tracks appeared.
3.2

Asteroid Zoo

Asteroid Zoo supports the National Aeronautic Space Administration’s (NASA) Near-Earth Object
Observation Program (NEOO), whose goal is to discover and catalog near-Earth objects (NEOs).
The Catalina Sky Survey (CSS) is a program using powerful telescopes to produce mappings of the
sky and produces millions of images per year.
The Asteroid Zoo project was launched to help scientists filter NEOs. Volunteers are asked to help
scientists search for NEOs by reviewing some of the images. Listed on the site are several scientific
goals guiding the efforts of the scientists – identify near-earth asteroids, catalog objects for asteroid
mining, study the solar system, and collect training images for future machine classification. The
classification task requires volunteers to examine a temporally linked set of images from the sky
survey to identify moving objects, which could be indicative of NEOs such as asteroids or potentially
hazard space artifacts. The classification interface is shown in Figure 1 (top, right). While classifying
volunteers have access to a digital toolbox with features to help volunteers inspect the data object,
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Fig. 1. The classification interface of Higgs Hunters (top, left), Asteroid Zoo (top, right), and Gravity Spy
(bottom).

including inverting the image, changing the resolution for viewing, and cycling through several
data objects in the series.
3.3

Gravity Spy

Launched in October 2016, the Gravity Spy project asks for the help of volunteers in categorizing
datasets generated from the Laser Interferometer Gravitational-Wave Observatory (LIGO) collaboration. To detect gravitational waves, LIGO uses interferometers, which detect interference in light
patterns. The machines are susceptible to noise (or glitches) surrounding the instrumentation. The
instrument for recording gravitational waves produces a spectrogram. Occasionally, events such as
birds chirping can be recorded by the interferometers and represented in the spectrogram images.
To detect gravitational waves, scientists need to identify and remove the noise from datasets. In the
Gravity Spy project, volunteers determine whether the glitches represented in the spectrogram
share a similar morphological structure to a set of pre-defined categories. Depicted in Figure 1
(bottom) is a glitch and the classification interface. Scientists use the labeled dataset to isolate noise
in potential gravitational wave signals.
4

METHODS

Described in this section are the experiment, data, and analysis.
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4.1

Experiment Procedure

Each project described above periodically uploads new subjects to the Zooniverse platform. Thus,
during some periods, there are new subjects that have been classified. A novelty cue was designed
to test the effects of novelty on volunteer motivation, informing participants when they were the
first volunteer to see the subject. The novelty cue reads, “Guess what! You’re the first to see this
subject.”
The Zooniverse queuing algorithm, which is uniform across projects on the platform, serves
a packet of images on the back-end when volunteers first navigate to the classification interface.
Volunteers then cycle through images in their queue (upon classifying the images more are added
to the queue). Volunteers classify one image at a time. When an image is loaded and has no
classifications on the Zooniverse system, the novelty cue is displayed contiguously while the
volunteer classifies the image. Once the classification has been submitted, a new classification
is rendered. Volunteers do not know how many new images are in their queue and can stop
contributing at their discretion and without consequence.
At the time the experiments in Higgs Hunters and Asteroid Zoo were run, Zooniverse did not
support customization of user control variables such as assignment to treatment or control group
so the intervention was administered to all volunteers who had new data objects in their queue and
the experiment ran until all new data had been exhausted. Since the randomization of volunteers
into treatment and control was not achievable (a solution is discussed below), the Higgs Hunters
and Asteroid Zoo experiments were quasi-experiment. The Gravity Spy experiment was conducted
after the first two experiments were completed, and a new system for customizing experiences was
deployed, making random assignment was achievable.
4.2

Data Collection

Database dumps from each project were acquired with all the classification data. The system
recorded each volunteers’ classification response, whether the novelty cue was displayed, and a
timestamp indicating the exact date, and time the response posted to the system.
Since randomly assigning volunteers to treatment and control groups was not possible in Higgs
Hunters and Asteroid Zoo and controlling for the diminishing volume of new subjects added to the
project was necessary, careful, and equitable selection of the treatment and control was required.
Because Higgs Hunters and Asteroid Zoo are quasi-experiments, sessions in treatment and control
periods (as opposed to volunteers assigned to a treatment or control group) were identified and
analyzed. Table 1 shows the experiment period and the selected treatment and control periods. All
sessions were plotted to visualize sessions containing the treatment. The treatment was selected
by identifying a period that excluded holidays and contained approximately the same number of
volunteers as a control. Both control and treatment periods were multiples of 7 days to include all
days of the week equally. The selected treatment period January 21–February 3 for Higgs Hunters
and June 23–July 07 was chosen for Asteroid Zoo to represent the treatment. Only sessions from
volunteers who had their first session during the experiment period were used to eliminate possible
influences from prior experiences on the system; however, not all sessions during this period had
a novelty cue (an issue discussed below). The selected control period was January 21–February
3 for Higgs Hunters and June 23–July 07 was chosen for Asteroid Zoo. Since Gravity Spy was a
randomized experiment, there was no need to select treatment and control periods.
4.3

Data Analysis

A common assumption in the analysis of experiments is that all participants in the treatment
were treated. The random administration of the treatment in these experiments means that not all
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Project

Experiment Period (Days)

Treatment Period

Control Period

Higgs Hunters +
Asteroid Zoo +
Gravity Spy ++

Jan. 1- Feb. 11 2015 (41)
Jun 23 -July 21 2014 (38)
May 05- May 21 2017 (16)

Jan. 21–Feb. 3
Jun. 23–Jul. 07

Jan. 8–14 & Feb.2–11
Jul. 08–Jul. 21

Table 1. The treatment and control periods for each project. + indicates a quasi-experiment with nonrandomized assignment to a treatment/control. ++ indicates randomized assignment to treatment/control.

individuals who were assigned to the treatment group were treated - some volunteers may end
their session before seeing a novelty message. Randomized controlled trials in clinical research also
suffer from similar challenges as patients may subsequently withdrawal from the treatment, deviate
from the protocol, or become non-compliant. In such cases, an approach called the intention to
treat (ITT) is used to analyze the data [21]. The logic of the intention to treat is to create treatment
and control groups that are hypothetical identical by taking computing the statistics for those
non-compliant participants into a separate control group in the treatment and control. Depicted in
Figure 2 is the intention to treat (ITT). The ITT was necessary to analyze the data since not all of
the sessions selected for the treatment group actually received the treatment. After the hypothetical
groups were constructed, t-tests were used to determine whether significant group differences
existed between the treatment and control groups. The experiment data were analyzed using R
Studio.
Treatment
treated (T-T)
Treatment
group (T)

Selection
Treatment not
treated (T-NT)

Assignment
to treatment

Control
group (C)

Hypothesized
selection

Assignment is intended to create groups
that are identical aside from treatment.

Control would
not have been
treated (C-T)
Control would
have been
treated (C-NT)

T-T and C-T
groups differ only
in treatment
(same selection
from identical
groups)
T-NT and C-NT
groups assumed
to be identical
(same selection
from identical
groups)

Fig. 2. Logic of intention to treat analysis.

5

RESULTS

Shown in Table 2 are the descriptive statistics for each project during the observation periods.
These statistics include data that were not selected for the treatment and control periods. These
data are helpful to understand the activity in the project during the time of the launch of the
experiments in each project. There are noticeable differences in some of the statistics reported
(See Table 2). First, while having approximately congruent observation periods there were fewer
volunteers and sessions represented in Higgs Hunters (volunteers = 1,867, sessions = 3,096) when
compared to Asteroid Zoo (volunteers = 3,741, sessions = 8,496). The number of volunteers in
Gravity Spy (volunteers = 319, sessions = 1,097) is even smaller if controlling for the number of
days in the observation period. This discrepancy likely comes from the time frame in which the
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experiments launched. The observation period in Higgs Hunters began on January 1st 2015 and
lasted until February 11th 2015 (44 days after the project officially launched). The observation
period for Asteroid Zoo began June 23rd, 2014 and ended July 21st 2014 (beginning the day the
project officially launched) and May 5th to May 21st 2017 in Gravity Spy (6 months after the project
launched).
Project
+

Higgs Hunters
Asteroid Zoo +
Gravity Spy ++

Volunteers

Sessions

Classifications

1,867
3,741
319

3,096
8,496
1,097

195,970
392,750
82,895

Novelty Cues
28,577
45,195
4,622

Table 2. Descriptive statistics for each project.

The selection of the treatment and control periods were for investigation are shown in Table 2.
The selection of the treatment and control periods were so that they are temporally adjacent and
had a similar number of volunteers contributing. The data reveal that during treatment periods
in Higgs Hunters and Asteroid Zoo, volunteers executed more classifications than those in the
control; 19.2 more in Higgs Hunters and 5.3 more in Asteroid Zoo. However, in the treated Gravity
Spy sessions resulted in 4.2 fewer classifications executed.
Since the system could not change to ensure every session during the treatment actually saw new
data. During some sessions in the treatment period, no novelty cues were displayed to volunteers
(treatment – not treated). A possible confound, however, is that seeing novelty cues becomes a
matter of chance since some and not all data are new. This means that for treatment periods, rather
than the cue causing sessions to be longer, a longer session could increase the chances of seeing a
novelty message.
To mitigate the confound described in the previous section, the same intention to treat analysis
conducted on this dataset. The ITT analysis used the population statistics from the treatment group
to infer statistics, i.e., mean and standard deviation for a hypothetically treated control group (PC-T).
A comparison of the hypothetically treated control group against the session in the treatment that
was actually treated (T-T) occurred.
Reported in Table 4 are the results of the intention to treat analysis. When teased out from
the entire experiment period, the T-T group had noticeable increases in the mean number of
classifications executed during a session. It is worth noting that in applying intention to treat, the
hypothesized control mean values are higher than those observed by simply taking the mean of the
Project

Type

Date (days)

Higgs
Hunters
Asteroid
Zoo
Gravity
Spy

PC
T
PC
T
C
T

Jan. 8–14 (7) & Feb.2–11 (7)
Jan. 21–Feb. 3 (14)
Jul. 08–Jul. 21 (14)
Jun. 23–Jul. 07 (14)
May 05–21 (14)

Volunteers

Sessions

183
217
1,367
3,905
229
193

285
356
6,136
13,279
909
824

µ Class. (σ )
27.3 (43)
46.4 (74.7)
23.20 (33.64)
28.60 (51.13)
55.29 (95.42)
51.04 (77.51)

Table 3. Descriptive statistics for the three projects during the selected experiment periods. Higgs Hunters
and Asteroid Zoo were designed and analyzed as quasi-experiments where control groups were derived from
periods when no novelty cues were shown. The second column Type indicates whether the observation was a
Pooled Control (PC), Control (C), or Treatment (T) period.
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Higgs Hunters
Sessions
Treated (T-T)
Not treated (T-NT)
Hypothetical treated
(PC-T)
Hypothetical Not treated
(PC-NT)

223
133

9
Asteroid Zoo

µ Class. (σ ) Sessions
Treatment (T)
64.7 (84.6)
7,000
15.7 (37.9)
6,279
Control (PC)

Gravity Spy

µ Class. (σ )

Sessions

µ Class. (σ )

41.28 (65.1)
14.46 (20.64)

484
308

70.52 (84.87)
23.17 (54.71)

179

34.4 (44.4)

3,235

30.04 (40.44)

537

77.51 (144.6)

106

15.7 (37.9)

2,901

14.46 (20.64)

434

23.17 (54.71)

Table 4. Descriptive statistics for treatment and hypothetically derived control groups. The statistics comparison is made vertically for each project on the mean number of classifications, that is the T-T and PC -T
dimensions.

control period; evidence that the analysis doesn’t simply attempt to suppress values in the control
period. The differences seen by comparing the treatment treated (T-T) and the hypothetically treated
(PC-T) groups were only statistically significant in Higgs Hunters and Asteroid Zoo. Volunteers
executed 34.4 (σ = 44.4) more tasks in Higgs Hunters at t(400) = 4.35, p <.001 and 10.24 (σ = 44.4)
more in Asteroid Zoo at t(10232) = 8.25, p <.001. However, volunteers in T-T group in Gravity
Spy contributed 7.22 fewer classifications when exposed to the novelty treatment. However, the
difference was deemed to be non-significant at t(1018) = -1.21, p = 0.19.
5.0.1 Novelty and First Session Behaviors. For many newcomers, their first and last session occurs
in the same sitting. Thus, strategies to encourage contributions during this period are valuable.
To determine whether reinforcing novelty cues could apply equally to newcomers, an analysis of
classifications executed by this subset of volunteer contribution histories occurred. Again, since not
all volunteers who contributed during the treatment period received the intention to treat analysis
application.
The results of the analysis are in Table 5 and show newcomers executed significantly fewer
classifications in the PC-T in Higgs Hunters and Asteroid Zoo than in the T-T group. The average
number of tasks executed in T-T for Higgs Hunters was 51.9 (σ = 69.3) compared to 24.9 (σ = 34.4)
in the PC-T. The difference of 27 classifications significant at t(247) = 3.8, p <.001. In Asteroid Zoo,
newcomers in the PC-T executed, on average, 27.67 (σ = 36.75) classifications while newcomers
in the T-T executed only 3.75 (σ = 9.7) more at 30.23 (σ = 55.1). The difference observed between
newcomers in the PC-T and T-T was non-significant t(3,331) = 0.82, p = 0.28 indicating the novelty
cues were ineffective in encouraging newcomers to execute more classifications. The results for
newcomers in Gravity Spy, revealed similar outcomes, that novelty cues have no effect on the
number of tasks volunteers executed. In the T-T group volunteers executed fewer classifications (µ
= 108.42, σ = 118.56) compared to the PC-T group (µ = 114.62, σ = 103.44) the 6.21 difference was
not significant at t(124) = - 0.23, p = 0.39.
5.1

Preventing Dropouts

The literature on participation patterns reveals that most volunteers in citizen science dabble and
contribute in a single session. One potential benefit of exposing volunteers to novelty cues is
that they will be excited about the possibility of seeing more novel data in the future and will
be motivated to return to the project to continue classifying. One way to measure excitement to
return to the project is to determine whether novelty cues decrease the dropout rate for volunteers
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Higgs Hunters

Asteroid Zoo

Gravity Spy

µ Class. (σ )
Treatment (T)
Treated (T-T)
51.9 (69.3)
Not treated (T-NT)
7.1 (10.9)
Control (PC)
Hypothetical treated (PC-T)
24.9 (34.4)
Hypothetical Not treated (PC-NT)
7.1 (10.9)

30.2 (55.1)
7.7 (15.3)

108.4 (118.6)
13.9 (21.4)

27.67 (36.75)
7.7 (15.3)

114.6 (103.4)
13.9 (21.4)

Table 5. Newcomer classifications using the intention to treat analysis.

exposed to the novelty cues. However, since novelty cues do appear to encourage newcomers
to contribute more under some conditions, novelty cues might also play a role in decreasing the
number of volunteers drop-outs. This section focuses on volunteer behaviors after first sessions (S)
in which a volunteer was treated (T) or non-treated (N-T). The proportions of volunteers who were
treated in their first session S-T and not treated S-NT in Table 6.
S-T
Drop-out
Sustained
Drop-out
Sustained
Drop-out
Sustained

S-NT

Higgs Hunters (N= 463)
96 (71%)
266 (81%)
40 (29%)
61 (19%)
Asteroid Zoo (N=4,369)
1,390 (45%) 752 (57%)
1,666 (55%) 561 (43%)
Gravity Spy (N=147)
42 (66%)
60 (73%)
22 (34%)
23 (27%)

χ 2 (p-val.)

5.9 **

50.6 ***

0.47

Table 6. A contingency table showing the proportions of volunteers who are treated and return after their
first session (S) being treated (T) or not treated (N-T). A chi-squared test of proportions was conducted to
determine equality of proportions. Significance levels *** p <0.001, ** p<0.01, * p >0.05.

For each project, the percentage of volunteers returning for an additional session increased when
seeing a novelty cue during their first session increased compared to the population of volunteers
not receiving a novelty cue during the first session. In all projects, the proportion of returning
volunteers was greater than in the S-T than the proportion in S-NT. A χ 2 test of proportions was
performed to determine whether the proportions were equal in both groups. In Higgs Hunters, the
results of the tests revealed significant differences χ 2 (1) = 5.9, p < 0.01 as did the test for Asteroid
Zoo; χ 2 (1) = 50.6, p < 0.001. Thus, one can conclude for Higgs Hunters and Asteroid Zoo the
proportion of volunteers returning in the S-T was significantly different from those in the S-NT. In
Gravity Spy, although in sessions where volunteers were exposed novelty cues performed slightly
better than volunteers not receiving the novelty cues, the difference was not significant, χ 2 (1) =
0.47, p = 0.49.
5.2

Returning Sooner with Novelty Cues

If volunteers’ motivational requirements are satisfied, they may be excited to return to the project
sooner than other volunteers. A comparison between sessions was conducted to determine whether
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exposure to novelty during the first session precipitated a faster return to the project for those
volunteers who did eventually return for a second session. Calculating the time to return was
simply by subtracting the time after a volunteer’s first session concluded and the start of their
second session. The results are in Table 7 and show the time (in days) between a volunteer’s first
and second session. In all projects, volunteers who received treatment during their first session
(S-T) took fewer days to return than those who did not receive treatment during their first sessions
(S-NT). The results of an independent samples t-test revealed significant difference in the days to
return for S-T (µ = 4.11 σ =15.38) and S-NT (µ = 5.5, σ = 19.6) in Higgs Hunters t(269.15) = 1.98, p <
0.05; and Asteroid Zoo (S-T µ = 5.53, σ = 19.38) (S-NT µ = 9.7, σ = 29) at t(863.77) = 3.4, p < 0.001.
However, the return time in Gravity Spy was not significant t(155.35) = -0.22, p = 0.82.

Time (in days) between the
S-T
first and second sessions
S-NT
Independent samples t-test

Higgs Hunters

Asteroid Zoo

Gravity Spy

7.1 (17.4)
12.1 (25)
4.56*

5.5 (19.6)
9.7 (29)
3.4***

6.8 (10.8)
6.5 (15.1)
-0.22

Table 7. The mean time (in days) to beginning the second session for volunteers who were treated T or not
treated (N-T) during their first session (S). Significance levels *** p <0.001, ** p<0.01, * p >0.05.

6

DISCUSSION

The analysis conducted in this paper show that novelty cues are a useful mechanism to motivate
volunteers to contribute to citizen science projects. Earlier studies support these findings conducted
in laboratory settings, which showed that when exposed to novel stimuli, people tend to explore
more than people exposed to non-novel stimuli [37]. A summary of the experiment results is
included in Table 7 and show positive effects for sessions in which volunteers were treated with
novelty cues in Higgs Hunters and Asteroid Zoo. In these projects’ volunteers executed 34.4 (+88%)
and 10.24 (+37%) more classifications than sessions included in the control groups. The results in
Gravity Spy, however, showed that for the total population, sessions with the administration of a
novelty cue resulted in a decrease (-7.22) in classifications executed. The difference, however, was
not significant.
This analysis showed that newcomers (the population most likely to drop out) could be motivated to contribute more prior to their departure. In volunteers’ first sessions, our experimental
manipulation increased the number of classifications from 24.9 to 51.9, again doubling the number
of classifications contributed.
In addition to motivating classification in sessions, exposure to novelty also improves retention.
Given the voluntary nature of citizen science projects, most projects struggle to retain contributors.
Novelty cues had a positive effect on retention in Higgs Hunters and Asteroid Zoo. Novelty cues
decreased the percentage of dropouts observed 81% vs. 71% in Higgs Hunters and 57% vs. 45%
in Asteroid Zoo; while there was an improvement in Gravity Spy 73% vs. 66%, the difference in
proportion was not significant. Additionally, volunteers returned to Higgs Hunters and Asteroid
Zoo when shown a novelty message in a prior session – 5 days sooner in Higgs Hunters and 4.2
days sooner in Asteroid Zoo.
While novelty cues did not appear to influence the behaviors of Gravity Spy participants significantly, it is suspect that elements of gamification not found in Asteroid Zoo and Higgs Hunters
may take precedence as the primary motivational driver. Participation in Gravity Spy is scaffolded
with volunteers being able to access new levels as they classify subjects and are accurate. This
discrepancy gives rise to questions of how many motivators can be operational at one time.
, Vol. 1, No. 1, Article . Publication date: December 2019.

12
Total population
Higgs
Hunters
Asteroid
Zoo
Gravity
Spy

Newcomers

Supported, volunteers made
34.4 more classifications during
treated sessions
Supported, volunteers made 10.2
more classifications during
treated sessions

Supported, volunteers made
27 more classifications during
treated sessions

Not Supported, non-significant
difference in contribution

Not Supported, non-significant
difference in contribution

Not Supported, non-significant
difference in contribution

Retention
Supported, there were
fewer dropout and faster
returns
Supported, there were
fewer dropout and
faster returns
Not Supported, nonsignificant difference in
contribution

Table 8. A summary of the experiment outcomes.

6.1

Novelty and motivation

Novelty is an intrinsic motivator causing exploratory drive, i.e., curiosity giving rise to cognitive
rewards systems facilitated by dopamine activity in the brain implicating humans in a feedback loop
invoking exploratory drive behaviors. While this research contributes to the literature on motivation
in open collaboration platforms, and citizen science projects specifically, it also establishes linkages
between people’s experiences online and their behavioral responses more generally. Empirical work
on novelty has appeared across a diverse set of contexts from consumer behavior [20], information
search and retrieval [41], game design [14, 39], and many several others [2, 23, 29]. The results
tend to suggest that novelty is associated with behavioral responses such as increased attention to
stimuli containing novel characteristics.
In the context of these results, the curiosity derived from engaging with novel stimuli appear
to not only be dictated by the ability of designers to alert people to novelty, but also a host of
individual, cultural, and environmental attributes. A person’s individual’s baseline preferences
for novelty or whether they possess a “novelty trait.” should dictate responses. Observed effects
on human behaviors are not unitary as some individuals are more impacted by novelty. Those
having no “novelty trait” are unlikely to realize the cognitive rewards associated with exposure to
novelty stimuli. Previous studies have pointed to low percentages of the population who possess
the trait and are thus expected to be behaviorally influenced by novelty. Gallagher [14] suggests
that neophiliacs (the term used to describe the population of people excited by novelty) represents
approximately 15 percent of the U.S. population.
Finally, novelty’s effect on human motivation is not indissoluble. Early postulations establishing
links between novelty and curiosity drive suggests that while human responses to novelty may
fluctuate, there is a strong tendency for a reduction of curiosity drive. This reduction would, in
turn, lead to decreases in cognitive and physiological responses, overtime [5, 35]. For instance,
Murty et al. [31] observed decrementing responses as that as participants were exposed to novel,
but unfamiliar stimuli suggesting additional work is needed to uncover how people habituate to
novelty cues and motivators more generally.
7

CONCLUSION

Novel attributes associated with objects and environments give rise to a curiosity drive, which
facilitates the maintenance of interaction (or motivation) to continue exploring. This research
showed that implementing novelty cues may be a viable system feature to increase positively
influence volunteers’ motivational states. While most hypotheses across projects were supported,
one finds additional complexities in responses to novelty may depend on many factors, including
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individual personality differences, the strength of novel attributes, and periodicity of novelty
exposure.
7.1

Limitations

There are four limitations. First, is the experimental design itself: a quasi-experiment. Given the
wholesale introduction of the treatment to the population, this design was the only feasible way
to analyze the data from the system. A true randomized controlled experiment would have been
preferred, but the system was not able to support a randomized assignment. Second, there is the
possibility that the effects of the treatment last longer than the single session that was analyzed.
For example, the effects of a message seen during a volunteer’s first session might prompt the
volunteer to return for a second session or have continuing impacts in that session.
Third, there was no examination of whether seeing multiple novelty cues in a session increases
the impact of the treatment or if they instead become annoying and a distraction. Future work
can explore the temporal dimensions of the effect. Finally, while an experiment provides strong
evidence for a causal relationship between a treatment and an outcome, there is a trade-off for the
richness of data. For example, our analysis does not include possible differences in volunteers that
are not captured by the system (e.g., demographics or education). Nor does it provide the kind of
rich data needed to illuminate the mechanism of the effect, that is, why volunteers found novelty to
be motivating. Prior research found that volunteers report being so motivated, but understanding in
more detail exactly why is a question for further in-depth investigation. More research is needed to
conclude, specifically, what drives the observed phenomenon: novelty seeking, discovery, curiosity,
sensation seeking, neophilia, some other term, or maybe some combination of existing drivers.
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