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Abstract: Citizen science substantially contributes to large-scale biodiversity monitoring and the enhancement
of public literacy. While both of the contributions largely depend on the public’s self- regulated learning. In
this study, we employed a mix- method approach, incorporating both a questionnaire survey of 133
participants and interviews with 12 volunteers, aiming to explore the feature of self- regulated learning in
citizen science, as well as identify the main factors impacting it. The volunteers are all different ages, from
different jobs, with varying educational backgrounds. The findings revealed that the educational background
of volunteers did not significantly impact their self-regulated learning. However, an increased frequency of
participation was linked to higher levels of self-regulated learning. Furthermore, achievement goal orientation
mediates the prediction of self-regulation by scientific epistemology. These insights underscore the importance
of enhancing citizen science's impact on scientific literacy by fostering self-regulated learning among
participants. This can be achieved through explicit instruction in scientific epistemology and by fostering a
sense of achievement to boost achievement goal orientations. Additionally, our study advocates for the
promotion of social interaction between students and out- of- school citizen scientists in school-based citizen
science projects. The main innovation of this study is to consider volunteers as learners, not merely as
contributors of data.

Keywords: citizen science; self- regulated learning; scientific epistemological views; achievement-
goal orientation

1. Introduction

Citizen science refers to the participation of non-scientists (i.e., people who are not professionally
trained in project-relevant disciplines) in scientific research practices, with the intended goal of
promoting adults” and students’ scientific literacy, advancing new scientific knowledge, solving real-
world problems, and bridging the gap between science and the public [1-3(pp. 13)]. As one of the
integral forms of “public engagement in science”, citizen science is obviously beneficial to citizenship
science education, an essential elements in science education and scientific literacy [4]. As articulated,
citizen science endeavors to enhance public scientific literacy, yet, the attainment of this objective is
not guaranteed. The effectiveness of these endeavors largely depends on the individuals' self-directed
learning. This situation echoes the well- known proverb, “you can lead a horse to river, but you
cannot make it drink”, highlighting the critical role of individual learning in acquisition of scientific
literacy. Despite the importance of this individual learning, the specific mechanisms through which
citizen science volunteers learn remain poorly understood. Although some researchers have initiated
investigation into the personal dimensions of volunteers within citizen science projects, mainly on
effectiveness and experience, for example, motivation [5] science inquire skill [6], and science identity
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[7], comprehensive research that examines how citizen science volunteers learn and identifies the
factors that influence their learning in this context remains scarce.

To gain an in- depth understanding of how volunteers learn in citizen science, self- regulated
learning was selected as an insightful lens into understanding how individuals learn, because it
inherently capture the constructive and self- directed nature of learning process [8]. In considering
the dynamics of self-regulated learning, the exploration of epistemological views and motivational
factors becomes indispensable. It has been demonstrated in science education that individual
epistemological views will affect perception, cognitive processes, and learning strategies [9]. Theories
of achievement goal orientation align closely with the principles of self-regulation. This congruence
is evident as these theories not only elucidate the reasons behind individuals' desire to learn and the
methods by which they evaluate their progress and achievements but also have been shown to
influence metacognitive judgments [10], an area that overlaps significantly with self-regulated
learning. Investigating the individual differences among self-regulated learning, particularly within
the context of citizen science, helps unveils the intricate interplay between individual learners and
the non-formal science learning environments. Analyzing how scientific epistemological views and
achievement goal orientations influence self-regulated learning can lead to deeper insights into
educational strategies that enhance learner autonomy and effectiveness, ultimately contributing to
improved scientific literacy and lifelong science learning skill. To contribute to the existing research
gap, the following two research questions were formulated:

Research question 1: are there individual differences on self- regulated learning?

Research question 2: how does the self- regulated learning of citizen science volunteers
influenced by scientific epistemological views and achievement goal orientation?

2. Literature review and hypotheses development

In this section, we clarify the central concepts that constitute the foundation of the theoretical
framework guiding our study. Additionally, we outline the hypotheses formulated to address the
research questions posed.

2.1. Self- regulated learning and its role in citizen science

The concept of self-regulated learning (SRL) describes the self- directive process in which
individuals actively and consciously monitor, regulate, and control their own learning [11].
Regardless of the context— be it formal education or informal learning, across age groups from
preschool children to adults, and spanning environments from computer-based to face- to- face
learning settings— SRL plays a pivotal role. This significance is rooted in its potential to facilitate the
diagnosis of learning needs, the formulation of objectives, the planning process, the application of
strategies, and the monitoring of effort towards self-directed learning [12,13]. In citizen science,
although it is difficult to find empirical findings on self-regulated learning in citizen science, it was
believed that SRL prompts could foster scientific inquiry, e.g., doing scientific observation,
understanding the purpose of data collection, making self- reflection on hypothesis [14]. The
effectiveness of volunteers’ learning in citizen science requires a greater level of SRL as compared to
that required in formal science learning. This is due to the unique context of autonomous learning in
citizen science, where volunteers must independently determine when, where and how to learn
scientific knowledge and skills. Regardless of whether volunteers are passively receiving training or
actively learning, they need to engage in self-regulated learning. This is essential for their
transformation from marginal participants to citizen scientists, for improving their understanding of
science, and for learning how to do science. Therefore, it's imperative to highlight the critical need to
examine the status of SRL among participants in citizen science projects. Notably, prior research into
SRL, particularly within the realm of online courses, has revealed significant variability in self-
regulation capabilities across different demographics, including age and gender [15]. Such findings
enlightened us to explore whether similar individual disparities exist within the context of citizen
science, so as to provide volunteers with personalized learning support. Consequently, the following
hypothesis (H1) has been formulated to address research question 1.
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H1: There are significant differences in SRL based on gender, age, educational background, and frequency of
participation.

2.2. Scientific epistemological view and its role in citizen science

Epistemology, the study of knowledge and knowing, has long been one of the cornerstones of
philosophy [16]. Epistemological view (or personal epistemology) is individual’s belief about the
nature of knowledge (view about what knowledge is) and nature of knowing (view about knowledge
acquisition) [17], related not only to school learning, but is an essential component of lifelong
learning, in and out of school [18]. Science Epistemological Views (hereafter SEVs) concerns
individual’s view about nature of knowledge and knowing in science, including nature of science
and nature of scientific inquiry [19]. In science education, SEVs have been viewed as higher order
thoughts, proved to influence learning orientation, learning processes and learning outcomes. For
example, a survey of students in the laboratory exercises found that students who hold a
constructivist scientific perspective are more inclined to negotiate meaning with their peers and are
more invested in explaining experimental results [21]. Moreover, students with constructivist-
oriented SEVs tended to attain better science learning outcomes than those with empiricist- aligned
SEVs [22]. Scientific epistemology in citizen science has also received attention. For example,
researchers evaluated citizen science participants in astronomy and found that the SEVs of these
participants improved significantly after participating in citizen science [23], and citizen scientists can
better understand the nature of science than non-citizen scientists [24]. However, the question of
whether SEVs influence self- regulated learning and motivations among participants in citizen
science remains to be further explored.

2.3. Achievement goal orientation and its role in citizen science

Achievement- goal theory posits the idea that people have an overarching orientation towards
tasks, which can be described through mainly two general orientations: mastery orientation, which
refer to attaining knowledge and developing competence, and performance orientation, which refer
to outperforming peers or demonstrating one’s competence [25,26]. According to researchers [27,28],
achievement- goal theory aligns particularly well with the concept of SRL. Because, as in a nutshell,
SRL refers to self- generated thoughts, feelings and behaviors that are oriented to attaining goals [29].
This definition underscores that for individuals to effectively regulate their learning, they must
establish specific goals or standards to monitor and measure their progress. A large number of studies
have focused on the motivations of participants in citizen science, and have found a variety of
motivational factors, such as, love of science, environmental concerns, support research efforts, as
well as wanting to learn and gain knowledge [24,30]. Whereas, very few research have used a theory-
based approach to measure motivation in citizen science with standardized methodology [31].
Achievement goal theory provides a framework for understanding the motivational factors that
propel volunteers to complete tasks in citizen science projects, highlighting how situational
influences can shape motivation. Given the theory's emphasis on goal orientation, moreover, since
all volunteers participated on a voluntary basis, this study specifically focuses on the achievement
goal orientations of volunteers and the goal avoidance orientation is not considered.

2.4. Relationship of SRL, SEV's and achievement goal orientation

Exploring the interconnections among SEVs, SRL, and achievement goal orientation offers a lens
through which to examine learning mechanisms of volunteers, as holistic learners instead of data
contributors, integrating cognitive, emotional, and behavioral sides of learning. To start with, there
is an interplay between students’ epistemological position and choices of self-regulation. For
instance, students with a constructivist- oriented epistemology of science tended to apply more
meaningful learning strategies in science learning and gain better science learning outcomes than
those with empiricist- oriented [32,33]. According to the study conducted with 116 ninth-grade
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students, epistemological beliefs in science predict self- regulation [34]. Therefore, the research
hypothesis we established as:

H2: SEVs positively predicts self- requlated learning in citizen science.

Subsequently, several empirical studies unraveled the relationship between individuals’
epistemological beliefs and motivation [35]. The result showed that epistemological views influenced
motivation. Students who tend to think communication and negotiation are important in science are
more likely to maintain intrinsic goal orientations while learning science [36]. Focusing on
achievement goal orientation, in a study for 484 pre-service teachers, SEVs predicted both mastery
and performance approached goal [37]. Therefore, the hypothesis we established is:

H3.1: SEVs predicts mastery approached goal motivation;
H3.2: SEVs predicts performance approached goal motivation.

It is generally accepted that achievement goal orientation affects learners’ SRL. But it may differ
between mastery- approached and performance- approached orientation. According to study using
behavioral logs to trace SRL, mastery-approached goals positively predicted SRL processes,
specifically predicted note-taking, information- seeking and monitoring [38]. Also it has been proved
in a study involved 824 middle school student that individuals with higher mastery goal orientation
are more inclined to invest greater effort, own stronger self- control, and utilize deeper learning
strategies [39]. This inclination stems from their aim to develop personal competence, leading them
to adjust their learning progress and apply learning strategies based on their own performance.
Whereas, performance- approached goals negatively predicted some SRL strategies [40] and students
with high performance goals tends to seek less help [41]. Because individuals who adopt a
performance orientation are assumed to be focused more on performing better than others,
demonstrating their ability, and gaining extrinsic rewards. Accordingly, the hypotheses were
proposed as follows:

H4.1: Mastery approached goal motivation positively predicts SRL.
H4.2: Performance approached goal motivation negatively predicts SRL.

There is little direct evidence demonstrating the relationship among the three variables. In spite
of this, researchers have discovered mediation role of motivation in the relations between learning
strategies and epistemological beliefs has been proven among undergraduate students in science
learning [42]. That's to say, a more sophisticated scientific epistemological understanding leads
students to perceive scientific knowledge as evolving rather than static and this perception can
stimulate volunteers' motivation to actively engage in the process of scientific knowledge creation,
subsequently influencing their SRL behaviors. Therefore, the hypotheses were formulated as follows:

H5.1: SEVs predicts SRL through mastery approached orientation.
H5.2: SEVs predicts SRL through performance approached orientation.

Finally, a theoretical hypotheses model is displayed in the Figure 1, to address the research
question 2.
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Figure 1. The conceptual model of the relationship among SEVs, SRL and motivation.

3. Methodology

To address two major research questions concerning individual differences and the relationships
among variables, and to validate the corresponding research hypotheses, this section answered the
following questions: What is the citizen science project that serves as the basis for this research
context? Which instruments were employed to quantify the three variables? How was data collected
and analyzed?

3.1. Research context

Hundreds of citizen science projects share some common features, including explicit goals for
participants, contribution for science, scaffoldings for scientific inquiry, interaction mechanism, and
technology infrastructure [43,44]. This study also incorporated these characteristics into its citizen
science project called “My Natural Treasure Box- City Insects Family Tree” (initiated by Shanghai.
Natural History Museum, DachengXiaochong Studio, Systematic Entomology Lab of Shanghai
Normal University, and Shanghai Society for Entomology) which is composed of the following
components.

1.  Goals for participants: participants are explicitly presented with the goal of searching for
insects that have not yet been discovered or documented in the literature, and to explore
whether insects previously reported are still extant.

2. Scientific contribution: in biodiversity, the “Linnean shortfall” refers to the fact that only a
fraction of the planet’s species have been described [45]. Up to the present, new insect species
can still be collected, discovered, and published in the urban area of Shanghai [46] as well as
other regions of China [47]. While insect taxonomists face a variety of challenges on searching
for new species across broader geographical ranges, which needs the integration among
professionals and amateurs [48]. This citizen science project contributes to the insect taxonomy
& nomenclature, biodiversity, insect biogeography, and insect conservation.

3. Scaffoldings for scientific inquiry: to enhance participants' engagement in insect surveys, the
project equips volunteers with a comprehensive workflow. This includes the selection of
sampling locations and paths, the observation and photography of specimens with detailed
collection data (whether physical or photographic), the comparison with documented records,
and the identification of insect subspecies. Additionally, it provides volunteers with access to a
wealth of learning materials, encompassing online resources related to insect species and

books on insect checklist.
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4. Interaction mechanism: a combination of online and offline interactions is available to promote
collaboration in this project. Volunteers can communicate instantly via social media platforms
with entomologists about the nomenclature of newly discovered species. Researchers respond
at their convenience. Surveys conducted in the field foster offline interactions. Shanghai's 16
districts have been divided into 16 teams, each led by an insect enthusiast who conducts
outdoor entomological surveys regularly. A team of experts participates in various district
activities or organizes a collective survey event. Experts also explain their survey
methodologies and different insects' features throughout these investigations.

5. Technology infrastructure: this project has developed an online platform named “Hear & See
Everything”, which, through a novel set of features including photo upload functions, GPS
technology, intelligent voice recognition, and intelligent image recognition technologies,
allows users to take photos and upload species information. This encourages volunteers to
conduct insect surveys and data uploads anytime and anywhere. A data quality assurance
team, composed of entomological researchers and some professional volunteers, operates in
the backend of this platform to review the data. This ensures that the insect images uploaded
by users are assigned the correct names and categories, and feedback on the identification

results is provided to the users.

On the whole, this project has resulted in the recording of more than 6,000 insect data entries in
Shanghai district, as well as the discovery of more than 49 new records of Shanghai insect species.
Furthermore, it has culminated in the publication of the “Shanghai Insect List 2023” which documents
3,090 species.

3.2. Research instruments

The questionnaire consisted of four sections. The first section contains demographic information,
and survey frequency. In the second part, this study adopted SEVs items from Tsai & Liu [49], which
can be categorized into four dimensions: “Invented and Creative”, “Theory- laden”, “Changing and
Tentative”, “Social Negotiation”. Their questionnaire was originally developed for high school
students and teachers. The items were scored using a Likert scale of 1 (strongly disagree) to 5
(strongly agree). In the third part, we used items with five dimensions adapted from self- regulated
learning questionnaire [50], namely, “Planning and time management”, “Metacognition”, “Study
environment”, and “Effort regulation”. Participants rated this part from 1 (not at all true of me) to 7
(very true of me). The fourth part was comprised of items from achievement goal questionnaire [51]
mainly to survey participants’ motivation scored on five- Likert scale. The dimensions and items were
developed according to Elliot & McGregor [52], with four types goals in the framework: mastery-
approach goal, performance- approach goal, mastery- avoidance goal and performance- avoidance
goal respectively. Regarding the participants in this study all volunteered and actively participated
in citizen science activities and their motivation factors were seldomly related to avoidance
components. Thus, this study only adopted the approach components.

In order to gain a deeper understanding of participants' SRL, SEVs, and motivation, this study
developed an interview protocol (see Appendix A) and conducted online interviews with 12
volunteers engaged in citizen science.

3.3. Data collections

At first, each original research instruments were adapted to the insects’ survey context and then
has undergone forward translation (from English to Mandarin) and back-translation (from Mandarin
to English) by two researchers. Negotiations and revisions were made to reach consensus on
expressions that differ greatly. Next, a panel of six experts recruited to examine the appropriateness
of all dimensions and items. The panelists were specialists in entomology, science education, and
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informal science learning. Then, pilot- testing was conducted to ensure the content validity. During
the pilot- test phase, there were 43 valid questionnaires collected. High-low group method [53],
correcting item-total correlations [54], alpha if item deleted [55], and factor loading [56] were applied
in the item analysis. Eventually, 2 invalid items were therefore modified or dropped (see appendix
B) and formal questionnaire formed. Overall, 152 responses were obtained by distributing an online
survey to people who voluntarily participated in the insects’” survey, and the online questionnaire
includes a monetary incentive for completion. 20 cases were eliminated to ensure the quality of data
based on a preliminary screening of data since for having a completion time under 3 minutes,
selecting same answer choice across multiple items, or never participating in the survey [57]. A final
sample of 133 respondents were eventually put into the subsequent analysis. Participant information
is recorded in Table 1. Additionally, there are 15.63% (n= 20) of teachers and 14.84% (n= 19) of
students according to occupation, followed by engineers (6.25%), designers (3.91%), corporate staffs
(5.47%), freelancer (3.13%), stay-at-home mothers (2.34%), translators (2.34%), civil servants (1.56%),
doctor (1.56%), etc.

Table 1. Demographics (n=133).

Variable Value Frequency (%)
Gender Male 75 (56.40%)
Female 58 (43.60%)
Age Under 25 28 (21.10%)
26~ 35 36 (27.10%)
36~ 45 59 (44.40%)
Above 46% 10 (7.50%)
Educational High school students 19 (14.30%)

background Vocational degree 12 (9%)

Bachelor's degree 69 (51.90)
Master’s and Doctoral degree 33 (24.80%)

As for the interview part, 12 volunteers who had filled out the questionnaire voluntarily signed
up for interviews, which were conducted via an online telephone conference. Among the 12
interviewees, there was 1 student, 3 teachers, and one each of an illustrator, a foreign trade staff, an
auditor, and a carpenter etc.

3.4. Data analysis

3.4.1. Reliability and validity

The composite reliability (CR) was used to assess the reliability of instruments. Convergent
validity and discriminate validity of instruments were assessed to examine the validity of all the
dimensions and constructs using confirmatory factor analysis (CFA). CR refers to the internal
consistency of latent constructs and reflect true reliability than alpha because construct loadings are
allowed to vary [58]. The rule of thumb for CR criteria is it need to be above 0.70 [59]. Convergent
validity was assessed using Average Variance Extracted (AVE) and standardized factor loadings.
AVE represents the average amount of variance that a construct explains in its indicators relative to
the overall variance of its indicators, exceeding the 0.5 threshold support the convergent validity of
latent constructs [60]. Standardized factor loadings should be at least 0.5 and, ideally 0.7 [61], which
means the construct explains at least 25% or ideally 49% of the variance of each indicator.
Discriminant validity examine whether the construct can be distinguished from others and was
analyzed by employing AVE- share variance approach, which implies that if the square root of AVE
for each construct is greater than its correlation with other constructs, then it can conclude the
discriminant validity has been achieved [62]. This means the latent variable is distinct and unique
because it explains more variance of the indicators than other variables.
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As shown in Table 2, the remaining items’ standardized factor loadings were found to be
statistically significant (p< 0.01) ranging from 0.501~ 0.979 (> 0.5) and most of estimates are ideally
exceed 0.7. The dimension of “The theory-laden quality of scientific exploration”, 2 items in SEVs (S1,
I1), 1 item in SRL (SE4) have been deleted as the factor loading of these were under 0.5. The
dimensions’ composite reliability (CR) values were between 0.754 and 0.908 (> 0.70), showing good
internal consistency. Concerning the average variance extracted (AVE) values, all AVE values ranged
from 0.506 to 0.751, surpassing 0.5, which indicate the acceptable convergent validity of dimensions.

Table 2. Composite Reliability and Convergent Validity.

Ttem

Parameters of Reliabilit Composite ~ Convergent
Constr Di . Tte Significance Test Reliability Validity
uct imension — Et/ y
* SE SSE‘ P R-Square CR AVE
SEVs Social 07 00 1126 **
52 0.555 0.834 0.563
Negotiation 45 66 0 *
08 0.0 1546 **
3. 2 sy s o« 0677
05 0.0 >
S4 5 87 6.732 0.308
08 0.0 2021 **
S5 g3 4 ¢« 0710
Invented & 05 00 >
Creative nn 01 88 5700 0.251 0.769 0.537
08 00 o
I3 38 a4 1892 0.703
08 0.0 1242 **
P
T i . . 17.70 **
::;ffr‘;e T1 (;88 (; 8 : O oo 0.881 0.712
*%
™ 08 0.0 21.06 0.752

67 41 5 *

0.7 00 1617 **
TG 4 o+ 0615

, o
SRL Ma:;gznen 1\1/[ (jj g'g 22503 . 0712 0.908 0.667
o
T
o
R
o
uw e T,
o
o t g,
o
I L I
o
T e
o
w0,
Effort  ER 08 00 2410 = 1500 0751

Regulation 1 61 36 5 *
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ER 09 00 4959 **

2 49 19 7 * 0.9
ER 0.7 0.0 13.83 **
3 82 56 8 * 0.611
Meta 06 0.0 1079 **
Cognition C1 93 64 5 . 0.48 0.875 0.587
*%
o 0.8 0.0 2453 0.695

34 34 4 ¢
08 00 2132 *
N

08 00 18.06 **

C4 o o . 0697
0.6 0.0 o
Cs ) L, 8414 0387
Moti Mastery M 07 00 1071 **
51 754 :
vatio Goal 1 17 67 3 * 0515 075 0-506
n M 07 00 s
> 15 ge 109 0516
M 06 00 1055 **
4
3 9 e 3 o+ 04
3%
Perfgror;‘fnce P4 %‘é’ (;'g 6101 , 032 0.797 0.580
09 0.1 o
P5 o [, 8460 , 0958
0.6 0.0 #
P60 g 723, 046l

Note: "p<0.05, "p< 0.01, *"p<0.001.

Discriminant validity of questionnaire was analyzed by comparing the AVE and squared
correlation coefficients of the constructs. There is an evidence of discriminant validity in Table 3, as
the square root of AVE on the diagonal for each dimension exceeds the correlations with others (off-
diagonal values in the corresponding rows and columns).

Table 3. Discriminate validity.

Dimensions M SD Discrimination Validity
1 2 3 4 5 6 7 10 11
1.Time 419 158 0.81
Management 7 9 7
2.Learning 537 130 041 0.77
Environment 6 2 4 0
3.Effort 6.10 094 057 057 0.86
Regulation 3 8 6 3 7
4 Meta 561 1.09 070 044 063 0.76
Cognition 2 1 3 4 0 6
5.Social 510 118 0.07 027 019 025 0.75
Negotiation 1 0 7 4 2 8 0
6.Invented & 441 057 016 0.08 0.22 0.56 0.73
Creative 9 4 3 7 6 0.22 7 3
7.Tentative 424 064 018 026 030 032 0.49
Feature 6 3 7 3 2 7 0.58 7 0.844
10.Mastery- 434 062 032 032 042 031 028 0.23 0.71
Approached 8 7 6 7 5 7 1 8 0.221 1
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11.Performanc 420 0.64 039 024 028 038 0.00 0.02 - 035 0.76
e Approached 6 1 3 7 7 2 4 2 0.008 1 2

3.4.2. Relationship of all the variables

To measure the relationships among variables, structural equation modelling (SEM) was
applied. SEM allows researchers to estimate complex relationships among multiple dependent and
independent variables considering measurement error of observed variables simultaneously [63]. As
SEVs and motivation’ critical ratio of the skewness and kurtosis (obtained by dividing the skewness
values or excess kurtosis value by their standard errors) were beyond + 3.29, it’s concluded that the
data are non-normal [64] (see appendix C). Robust maximum likelihood (MLR) was used addressing
the non-normality concerns. Because MLR was found to be robust to non-normality data while also
yielding more accurate standard error estimates [65]. SPSS 29.0 and MPlus 8.0 were used to analyze
the data. Various goodness- of- fit indices were used to detect how well the specified model fits the
empirical data. The Chi-square normalized by degrees of freedom (x/df) should not exceed 3,
comparative fit index (CFI) should exceed 0.9, adjusted goodness of fit index (AGFI) should be greater
than 0.9, non-normed fit index (NNFI) should exceed 0.9, root mean squared error (RMSEA) should
be less than 0.08, and root mean square residual (SRMR) values are deemed ideal less than 0.05 [66].

4. Results

Through a mixed research method, combining questionnaires and interviews, we sought to
explore the status of volunteer self-regulated learning in citizen science and its influencing factors.
Firstly, the findings about the research question 1 related to volunteers’” individual differences on SRL
(see Section 4.1). Secondly, how was SRL predicted by SEVs and achievement goal orientation was
reported (see Section 4.2).

4.1. Individual differences on SRL(H1)

As indicated in the ANOVA comparison results on gender, age and educational background
differences (see Table 4), male volunteers scored higher on study environment (¢ = 3.605, p< 0.05, d=
0.352), which mainly bring the statistical difference on SRL. In terms of age and education
background- related variability, the study findings suggest there are no significant differences on all
the dimension in SRL.

Table 4. Individual differences on SRL.

| SRL ™ SE EF MC
Female (n=58) M+SD 19.664+4.807 3.948+1.638 5.121+1.434 5.489+1.291 5.107+1.228
Sex  Male (n=75) M+SD 20.765+3.654 4.389+1.533 5.573+1.162 5.707+0.905 5.096+1.150
t 5.329° 0.760 3.605' 3.989 0.372
<25(n=28)  M=SD 20.362+4.179 3.936+1.793 5.667+0.964 5.774+0.965 4.986+1.368
26~35 (n=36) M=SD 19.174+3.644 4.089+1.371 4.935+1.345 5.306+1.076 4.844+1.101
Age  36~45(n=59) M+SD 20.600+4.568 4.312+1.666 5.429+1.392 5.655+1.191 5.203+1.137
>46 (n=10) ~ M=SD 22.213+3.507 4.640+1.268 5.833+1.125 6.000£0.629 5.740+0.971
t 1.670 0.665 2.354 1.627 0.148
H(n=19)  MSD 20.393+4.067 4.042+1.822 5.667+0.839 5.737+0.991 4.947+1.330
V(@n=12)  M=SD 21.39445130 4.850+1.807 5.333+1.456 5.694+1.185 5517+1.043
Edu  B(n=69)  M=SD 20.631+4.346 4.273+1548 5.425+1.443 5.696+1.147 5.238+1.184
M (@n=33)  M=SD 19.097+3.549 3.891+1431 5.121+1.151 5.333+0.986 4.752+1.072
t 1.320 1.202 0.770 0.957 1.916

Note: “p< 0.05, “p< 0.01, ™p< 0.001. Edu= educational background, TM= time management, SE= study
environment, EF= effort regulation, MC= meta cognition, SRL= self- regulated learning, H= High school students,

V= Vocational degree, B= Bachelor's degree, M= Master’s & Doctoral degree.
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As depicted in Figure 2, the analysis revealed significant disparities in self- report SRL among
volunteers based on their frequency of participation in field insect surveys. Specifically, volunteers
who have engaged in such activities only once exhibit markedly lower time management scores (M+
SD=3.796+ 1.671) compared to those who have participated on more than three occasions (M+ SD=
4.736+ 1.483), F (2, 130) = 3.805, p< 0.05, n*= 0.055. Furthermore, when evaluating the learning
environment dimension, volunteers who have participated thrice demonstrate significantly elevated
scores (Mt SD= 6.161+ 0.910) relative to individuals with twice field survey (M+ SD= 5.497+ 1.229)
and only a single participation experience (M+ SD=4.830+ 1.315), F (2, 130) = 12.529, p<0.01, n?=0.162.
This pattern extends to effort management as well, where volunteers with more than three
participations (M+ SD= 6.075+ 0.934) manifest significantly superior scores compared to those who
have participated just once (M+ SD= 5.236+ 1.270) and twice (M+ SD=5.745+ 0.790), F (2, 130) = 6.981,
p<0.01, %= 0.097.
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Figure 2. SRL differences on participation frequency. Note: “p< 0.05, “p< 0.01, ™p< 0.001. TM= time
management, SE= study environment, EF= effort regulation, MC= meta cognition, SRL= self-
regulated learning

Regarding SRL, responses can be divided into participants who are casual and unplanned, and
those who are well-regulated managers. The casual and unplanned participants, such as CT, a part-
time photographer and a full- time carpenter, rarely employ self-regulated learning strategies in
insect surveys, stating, “I've always been quite spontaneous, looking around wherever 1 go, rarely making
plans, I feel” and “As for learning, basically, I pay attention when I see something, note its features and name,
might forget it a few days later, see it again, and then reinforce the memory. I can’t say I devote too much energy
to this.” Well-regulated managers are more evident among participants with teaching professions.
For example, BHH, a nature education teacher, mentioned, “Those things won’t take up my time for
outdoor insect surveys. I almost always have one to two hours of this outdoor survey daily. The route would be
planned in advance; otherwise, it’s impossible to complete the survey. In learning, make a checklist, tick off each
item upon completion. I find this very effective.” Similarly, HDY, also a teacher, employs self-regulated
learning strategies to aid learning, “When we do it, we have our notebook, record it down, and after finishing,
improve it to form a mind map, classifying the insects and pictures we see.”

The aforementioned results substantiate Hypothesis 1, demonstrating that individual
differences in SRL are predominantly manifested through participation experiences. This finding
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underscores the pivotal role of active engagement in the citizen science survey process and unveils
the potential impact of participation experiences on cultivating effective SRL strategies.

4.2. Relationship among SEVs, SRL and achievement goal orientation (H2~ H5.2)

To answer the question 2, SEM was used to analyze relationship among variables. It turned out
2
that the structural model had a good fit (x2=35.593, df=22, Z—f= 1.618 <2, RMSEA= (0.068< 0.08, CFI=

0.967>0.95, TLI= 0.946> 0.9, SRMR= 0.045< 0.05). The results as shown in Table 5 provide support for
hypothesized relationships. Specifically, SEVs had a significantly positive direct effect on self-
regulated learning (3= 0.374, p< 0.05), with a 95% confidence interval (CI) of [0.073, 0.516] excluding
zero. SEVs also positively predicted mastery- approached goal (3= 0.334, p< 0.01). Whereas, SEVs
didn’t significantly influence achievement- approached goal (3= 0.007, p> 0.05). And SRL was
positively predicted by both mastery- approached goal (y= 0.276, p< 0.01) and achievement-
approached goal (y=0.308, p< 0.01). What's more, SEVs had a significantly positive indirect effect on
SRL via mastery- approached goal motivation (y=0.308, p< 0.01). However, when set achievement-
approached goal as mediator, the relationship was not significantly supported, with a 95% CI of [-
0.159, 0.188], including zero.

Table 5. Structural model results.

Hypothesis and Path Estimate  S.E. 95%Cl Hy}:lzt::eﬂs
Directed effects
SEVs= SRL 0.300°  0.115 [0.073, 0.516] Support H2
SEVs= Mastery- approached goal 0.334  0.103  [0.109,0.522]  Support H3.1
SEVs= Performance- approached goal 0.007 0.102  [-0.191, 0.208] Reject H3.2
Mastery- approached goal= SRL 0.276™  0.102  [0.057,0.477]  Support H4.1
Performance- approached goal= SRL 0.308"  0.105  [0.079, 0.490] Reject H4.2
Indirected effects
SEVs= Mastery- approached goal= SRL 0.092°  0.040 [0.068,0.474]  Support H5.1

SEVs= Performance- approached goal= SRL 0.002 0.034 [-0.159, 0.188] Reject H5.2
Note: "p<0.05, "p< 0.01, *"p<0.001.

Mastery- approached
goal
f ..
0370" 0776
0.334 y
Planning and time
Performance- mana ement
The role of Social 0007 approached goal 0.308" 0676 i
Negotiation e Study
0.657>* environment

Self- regulated

> 0847 R
learning Effort regulation
R?=0.377 .

Meta cognition

Scientific
Epistemological
Views

Invented and Creative
nature of science

0.300™

The Changing and
Tentative feature of
science knowledge

Note: "p< 0.05, “p< 0.01, *p< 0.001.

Figure 3. Indirect model of SEVs, SRL and achievement goal motivation.

As illustrated in the Figure 3, there is a close correlation between mastery- approached goal and
performance- approached goal (= 0.370). Moreover, corresponding indicators can significantly
predict SEVs and SRL. Overall, these indicators account for a substantial 37.7% of the variance of Self-
Regulated Learning.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202404.0926.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: Posted: 15 April 2024 d0i:10.20944/preprints202404.0926.v1

13

The interview results of participants also supported the mediating effect of motivation. Taking
a participating middle school student as an example, his responses on scientific epistemology suggest
an alignment with constructivist perspectives due to his understanding of the tentative, creative, and
negotiable nature of scientific knowledge. He introduced a personal project, stating, "My recent novel
project explores the dynamic relationships between certain butterfly populations and their host plants in the
Songjiang District. Observing how some butterflies vanished with urban development affecting their host
plants prompted me to investigate why host plants have such a significant impact on butterfly populations."
"In terms of insect taxonomy, I believe it is always a changing topic since the classification of various species
certainly evolves with the standards of classification." This understanding of science enables him to
develop intrinsic motivation, fostering a drive to participate for the sake of acquiring entomological
knowledge, "When 1 first saw a longhorn beetle, I found it to be an incredibly fascinating creature because of
its long antennae. As I encountered more and more insects, I was amazed at their diversity, which filled me
with joy and even a sense of awe." Based on this understanding and motivation, he has established a
planned, self-regulated learning and investigation routine, "Every weekend, I usually spend at least half
a day, if not a full day, collecting insect specimens in my community or further places in Shanghai. Every day
after school, I need to find about 20 minutes to feed the insects I'm raising." Moreover, this participant also
displayed a strong performance-oriented motivation. He mentioned, "Besides personal satisfaction, 1
often share these findings in class groups or pet lover groups. Their likes provide encouragement, and
discovering new species brings a sense of fulfilment and self-worth," indicating that without scientific
understanding and resulting motivation, an individual lacks the drive to act, and different types of
motivation interact with each other.

5. Discussion

In order to position citizen scientists as learners rather than mere data contributors, this study
explores the characteristics of SRL in citizen science from the perspective of self-regulated learning.
It uncovers the current status of SRL among citizen science volunteers, as well as the factors
influencing SRL— SEVs and motivation. Ultimately, it identifies individual differences in SRL, and
it also elucidates how SEVs mediate SRL through motivation. The following discussion will address
the reasons behind these findings and their implications.

5.1. Individual differences: causes, contexts and implications

According to the findings, differences in SRL among volunteers were significant only with
respect to gender and frequency of participating, while no notable differences were identified
regarding educational backgrounds or age groups. The similar scores of SRL observed across
different age groups may be attributed to the developmental nature of awareness, strategies, and
behavioral capacities in SRL, which tend to stabilize in middle or high school [67]. The lack of
difference based on educational background in this study might be due to the informal learning
context of volunteer participation, relying more on personal reflection and self-management. In terms
of gender, existing research has indeed identified superior performance in self-management,
planning, learning environment management, self-monitoring, and reflection among female students
at elementary and middle school levels compared to males [68,69]. However, in informal science
learning contexts predominantly involving adult learners, females may lose more autonomy in
choosing learning and research environments due to their primary responsibilities at home. The
differences in SRL brought about by varying participation frequencies did not extend to
metacognitive differences, possibly because metacognitive abilities require targeted training tasks
[70]. Meanwhile, the accumulation of experience in citizen science activities enhances familiarity with
tasks, improving self-judgment in specific learning contexts, thus aiding the enhancement of other
aspects of SRL.

In summary, it is the inclusive nature of citizen science that facilitates the participation of
volunteers from all ages and educational backgrounds in scientific research, thereby contributing to
biodiversity. Remarkably, despite the inherent differences among these participants, their levels of
SRL remain consistent, with the primary variance lying solely in their frequency of involvement. It
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becomes evident that deeper engagement fosters heightened levels of SRL, empowering participants
with a greater sense of control and experience, thereby facilitating further independent learning
pursuits. This insight serves as a compelling impetus for fostering a culture within citizen science
projects that encourages novice participants to progressively deepen their involvement, thereby
enhancing their learning experiences and contributions to scientific endeavors.

5.2. Relationships of SRL, SEVs and achievement goal orientation: causes and implication

This study identifies the direct predictive role of scientific epistemology and motivation on SRL,
consistent with findings in the context of science learning, learners with a better understanding of
science participate in more regulatory processes [71]. A distinct finding of this study is that, unlike
research indicating a negative correlation between performance goal orientation and SRL among
college students—suggesting that reliance on external motivation hampers self-regulation [72]—
performance goal orientation in citizen science positively predicts SRL. This is attributed to the
voluntary participation context of citizen science, where external motivation can effectively stimulate
autonomous learning. This suggests that enhancing participants' intrinsic motivation through
positive feedback, relevance design, and adaptive participation modes [73] is beneficial. Since
performance goals can directly foster SRL, external recognition for volunteers is valuable. Therefore,
designing citizen science activities to enhance volunteers' sense of achievement and implementing
achievement sharing mechanisms are necessary for promoting autonomous learning behaviors in
public participation in citizen science.

Furthermore, this study discovers the mediating role of mastery goal orientation between
scientific epistemology and SRL, aligning with existing research that individuals with a better
understanding of science are more mastery-oriented in their learning approach, preferring to seek
additional strategies and methods for learning adjustment over those with a performance orientation
[71]. A survey of university students with an average age of 24.9 years also indicates the mediating
role of motivation between epistemology and SRL strategies [74], extending the understanding of
epistemology, motivation, and SRL in the domain of science, particularly within citizen science. This
insight underscores the importance of stimulating participants' multifaceted motivations in citizen
science, especially in igniting interest in scientific knowledge and the drive to explore the unknown,
for leveraging SEVs effectively and enhancing public learning behaviors and the impact of citizen
science.

6. Conclusion

The principal contribution of this study lies in examining the characteristics of volunteers in
citizen science from the perspectives of learners and learning processes. Our findings reveal that
volunteers who engage more frequently in citizen science investigations demonstrate superior self-
regulated learning capabilities. Interestingly, educational background does not introduce any
differences among volunteers. Motivation serves as a mediator, facilitating the impact of scientific
epistemology on self-regulated learning. This research offers insights into citizen science in
educational settings, emphasizing that citizen science constitutes an integral part of citizenship
science education. As it provides a method for participants to address socio- scientific issues, enabling
virtually anyone (regardless of their educational background, age, or profession) to contribute in
some way 4. Citizen science is also aligned with Sustainable Development Goals (SDG), which
provide opportunities for the development of knowledge, skills, attitudes and values among all
people towards achieving quality education [75]. In this study, no significant differences were
observed in self-regulated learning, scientific epistemology, and motivation across various
professional backgrounds, and most participants were identified as teachers and students. Despite
the emergent trend of incorporating citizen science into school, primarily focusing on students, this
approach may inadvertently reduce the authenticity of citizen science tasks and limit opportunities
for cooperation among students, teachers and members out of schools. Therefore, we suggest that
school-based citizen science activities could benefit from adopting a project-based learning approach
while maintaining collaboration with volunteers from diverse professional backgrounds outside the
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school. This recommendation aligns with findings from Markula & Aksela [76], which advocate for
project-based learning as a means to foster collaboration and certain scientific practices. This strategy
aims to prevent the isolation of students from genuine scientific exploration, ensuring their
integration into the broader scientific community.

Citizen science projects can be designed in a more effective way based on our findings. The level
of volunteers' self-regulated learning is influenced by the frequency of participation, scientific
epistemology, and mastery-approach motivation. This result extends research in the field of self-
regulated learning into the context of informal science learning. Self-regulated learning, being a
function of the personal, behavior, and environment [77], underscores the substantial influence of
the environment. Therefore, in designing citizen science projects, it is crucial to specify learning
methods and strategies clearly. Training should not only cover how to conduct and recognize
investigations, such as insect surveys, but should also explain the nature of science through concrete
examples. The success of the insect survey citizen science project that this study is based on can be
attributed to the enhancement of participants' performance-approach goals through museum
exhibitions of volunteers’ work, the regular online publication of insect survey results and individual
performances, which in turn promoted self-regulated learning. With all the support to facilitate self-
regulated learning, volunteers can become the masters of their learning journey, rather than merely
suppliers of data.

This study has some limitations. Due to constraints on the number of survey questions and the
duration of the survey, the cultural and theoretical dimensions of scientific epistemology were not
included, hindering a comprehensive exploration of epistemology. Besides, the difference in domain-
specific strategies between informal science learning and the strategies outlined in existing self-
regulated learning questionnaires designed for formal learning contexts rendered the latter
inapplicable to this study. Thus, they were not incorporated, and further research is needed to explore
effective learning strategies for citizens within the realm of citizen science.
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Appendix A

Interview Protocol

Why did you participate in this survey? Are you interested in insects? What sparked your
interest in insects? Reflecting on your upbringing, can you recall an event that cultivated this interest?

How do you manage your learning and investigation of insects in your daily work or study
routine?

What factors do you think influence your participation in insect surveys?
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Since joining the Insect Genealogy Project, do you feel that you have gained new insights into
insects, biology, or science? Share your experiences and insights gained from your insects’ survey.

Appendix B
Table A. Pilot survey analysis results
Extreme
I Val
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SI;L 5.262 .616** 0.566 0.922 0.427 0.654
SIZL 5.785 .607** 0.551 0.923 0.385 0.621
SI;L 6.957 .585%* 0.532 0.923 0.334 0.578
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Appendix C
Table B. Results of the normality test
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