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models to illustrate components of the carbon cycle and 
their relationships in carbon cycling among the bio-
sphere, atmosphere, hydrosphere, and geosphere (NGSS, 
2013). Quite a few previous studies have demonstrated 
that students have difficulties when learning phenomena 
associated with the carbon cycle. For instance, students 
hold incomplete or inaccurate conceptual models of the 
carbon flow (e.g., Düsing et al., 2019; Hartley et al., 2011; 
Mohan et al., 2009; Zangori et al., 2017), and some stu-
dents are confused about the relationship between car-
bon dioxide and global warming (e.g., McNeill & Vaughn, 
2012; Shepardson et al., 2012). Further, students have 
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The carbon cycle is an important disciplinary core idea 
in climate change education, which could help learners 
construct a deep understanding of global climate change 
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Abstract
Both learner-generated drawing and retrieval practice methods are effective to enhance science learning. To 
compare the impact of combining different drawing methods (representational drawing vs. abstract drawing) with 
retrieval practice on the carbon cycle learning, 136 Chinese high school students enrolled in a geography course 
were assigned randomly to six learning conditions: students built their mental models of the carbon cycle by 
either generating sketches with or without access to the text learning material introducing the carbon cycle (i.e., 
generative sketching vs. retrieval sketching), or by creating concept maps with or without access to the learning 
material (i.e., generative concept mapping vs. retrieval concept mapping), or students just freely recalled on what 
they have learned from the learning material by paragraphing (i.e., retrieval practice), or restudied the learning 
material with note-taking (i.e., restudy). Students’ learning outcomes were assessed by immediate and one-week 
delayed tests. Results revealed that no difference was found between the six conditions on the immediate test, 
whereas students in the retrieval practice condition with paragraphing significantly outperformed those who did 
not practice retrieval on the one-week delayed test. However, there was no difference between the two drawing 
conditions regardless of whether they were adopted with or without retrieval practice. Furthermore, the same 
pattern was found on the factual knowledge questions in both tests, but no main effect of condition was found on 
both the immediate and the delayed tests for the application questions. We conclude that retrieval-based drawing 
could be adopted for climate change education at the high school level.
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difficulty visualizing the carbon cycle on the global scale 
(e.g., Hartley et al., 2011; Mohan et al., 2009; Zangori & 
Koontz, 2016). Therefore, it is imperative to enhance stu-
dents’ knowledge regarding carbon cycling and enhance 
their basic understandings of climate change.

The afore-mentioned challenges of learning the carbon 
cycle can be categorized in two main types: (i) developing 
visualizing and modeling skills, and (ii) enhancing con-
ceptual understanding of basic knowledge. To overcome 
barriers in visualizing and modeling on the carbon cycle, 
prior studies suggested that learner-generated draw-
ing could enhance the model-based reasoning process 
across science disciplines (Grosslight et al., 1991; Kind-
field, 1994; NRC, 2012; Rosengrant et al., 2009; Schwarz 
et al., 2009). Specifically, drawing has numerous ben-
efits to learning, such as facilitating students’ thinking 
and communicating processes, generating predictions 
and explanations, developing memory for core content, 
and enhancing comprehension of the scientific pro-
cesses (Ainsworth et al., 2011; Quillin & Thomas, 2015; 
Schwarz et al., 2009; van Meter & Garner, 2005; Wammes 
et al., 2016). For example, Zangori and colleagues (2017) 
developed a model-based curriculum focusing on socio-
scientific issues for high school students. In their study, 
students deepened their understanding and reasoning 
of the relationship between the carbon cycle and climate 
change through developing, using, evaluating and revis-
ing their own models of carbon cycling. Yet, Düsing and 
colleagues (2019) investigated middle and high school 
students’ conceptions of the carbon cycle and the rela-
tionship between the carbon cycle and its components. 
From students’ schematic drawings and writing explana-
tions of the carbon cycle, the researchers found that stu-
dents had difficulties identifying carbon compounds and 
the processes where carbon compounds are transformed. 
Thus, how to harness the benefits of drawing to solve 
the second challenge -improving students’ basic knowl-
edge on the carbon cycle is an open question. We report 
herein how to use retrieval practice to support drawing 
for enhancing students’ understanding of carbon cycling.

Retrieval practice can be described as a learning strat-
egy of recalling previous learned knowledge without 
viewing learning materials. Prior studies indicated that 
retrieval practice could produce robust knowledge gains, 
especially with respect to the benefits for learners’ long-
term retention of knowledge (Carpenter, 2009; Karpicke, 
2017; Roediger & Karpicke, 2006a, b). Research at the 
college level suggested that applying retrieval practice in 
terms of drawing tasks led to better learning outcomes 
compared to repeatedly studying materials (Karpicke 
& Blunt, 2011, 2014; Heideman et al., 2017). However, 
little is known whether a combination of retrieval prac-
tice and drawing methods could produce better learning 

outcomes than adopting either one of them alone at the 
high school level.

Prior studies described drawing on a spectrum from 
representational which is more concrete to abstract 
(Quillin & Thomas, 2015). According to Quillin and 
Thomas (2015), representational drawing could foster 
learners’ active learning, observational skills, memoriza-
tion, understandings of spatial relationships and enjoy-
ment of learning, while abstract drawing could facilitate 
learners’ motivation of learning. Also, abstract draw-
ing could foster learners’ development of mental mod-
els and help learners enhance acquisition of content 
knowledge and problem-solving processes (Quillin & 
Thomas, 2015). In the current study, we focused on two 
main drawing strategies in science class, a representa-
tional drawing strategy: sketching; and an abstract draw-
ing strategy: concept mapping. In particular, sketching is 
conceptualized as a technique that uses a minimum num-
ber of lines and symbols to rapidly represent knowledge, 
while concept mapping is often described as a diagram 
that depicts suggested relationships between concepts, 
which is a graphical tool for learners to organize and 
structure knowledge (Novak, 2005). Although a body of 
research has applied drawing strategies in science class 
(e.g., Johnson & Reynolds, 2005; Rennie & Jarvis, 1995; 
Smith & Bermea, 2012), few studies focused on how to 
improve the efficiency of different types of drawing by 
combining other highly effective learning strategies, say, 
retrieval practice. Therefore, the goal of the present study 
was to explore how different drawing strategies (rep-
resentational vs. abstract) in terms of retrieval practice 
facilitate high school students’ conceptual understanding 
of the carbon cycle and climate change. Specifically, the 
research questions are:

1. Does retrieval practice lead to better performance 
than restudy in the learning of the carbon cycle at 
the high school level?

2. How do different types of drawing (representational 
drawings vs. abstract drawings) in combination with 
retrieval practice influence high school students’ 
conceptual understanding and learning outcomes on 
the carbon cycle?

Literature Review
Learner-generated drawing
It is widely known that interpretation of others’ visual 
information is critical to science learning (e.g., inter-
preting charts and graphs).However, students are also 
required to develop many representational skills to 
become proficient in science (Ainsworth et al., 2011). The 
learner-generated drawing strategy, which is grounded in 
generative learning theory (Mayer et al., 1995), engages 
students to construct their own visual representations to 
get better understanding of complex scientific expository 
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text materials (van Meter, 2001; van Meter et al., 2006). 
From the perspective of the Select-Organize-Integrate 
(SOI) model of generative learning theory (Fiorella & 
Mayer, 2016; Mayer, 2014), there are three main steps to 
complete drawing construction. In the first step, learners 
select key information when reading from a text for pro-
cessing in the working memory. In the second step, learn-
ers organize this selected key information and establish 
internal verbal representations of the text. Meanwhile, 
learners construct internal visual representations of the 
text and link them to the internal verbal representations. 
In the final step, learners draw an external representa-
tion of the text content which is based on the integration 
of the internal verbal and the internal visual representa-
tions (van Meter & Garner, 2005). This construction pro-
cess supports learners to store and represent a mental 
model of knowledge that is credited with improving their 
problem-solving abilities and conceptual understand-
ing (Ainsworth et al., 2011; van Meter & Garner, 2005). 
In addition, learner-generated drawing is an iterative 
process and involves metacognitive processes such as 
self-monitoring and self-regulation (Fiorella & Mayer, 
2016; Mayer, 2014; Quillin & Thomas, 2015; Schmeck 
et al., 2014; van Meter, 2001; van Meter & Garner, 2005; 
van Meter et al., 2006). Thus, drawing as an active learn-
ing strategy could potentially enhance students’ learning 
on sophisticated scientific phenomena such as carbon 
cycling.

There are some important findings when applying 
leaner-generated drawing strategy. First, the benefits 
of learner-generated drawing are relevant to the accu-
racy and the quality of drawings. Prior studies found 
that learners had deeper comprehension of text learn-
ing materials if their drawings accurately and completely 
reflected what was described in the materials (Schmeck 
et al., 2014; van Meter, 2001; van Meter & Garner, 2005; 
van Meter et al., 2006). While some researchers pointed 
out that simple line drawings were more effective than 
photographs, especially when learning materials were 
complex with rich content (Quillin & Thomas, 2015; 
Rennie & Jarvis, 1995). Second, learner-generated draw-
ing sometimes leads to lower learning outcomes. One 
reason is that the drawing processes may cause higher 
extraneous cognitive load on learners in a way that hin-
ders learning (Leutner et al., 2009). When learners have 
little experience with drawing or do not have any draw-
ing skills, it might be difficult for them to draw what they 
really want to express (Quillin & Thomas, 2015).

Another important finding is that drawing strategy 
could potentially enhance model-based reasoning (Quil-
lin & Thomas, 2015; Schwarz et al., 2009). Model-based 
reasoning is a sophisticated process that enables learn-
ers to solve problems via constructing a mental model 
– an analogue representation with highly personal, 

dynamic, and format-diversified characteristics (Har-
rison & Treagust, 2000; Schwarz et al., 2009). Given the 
goal proposed by the National Research Council (NRC) 
of developing and using models for K-12 science edu-
cation, especially on the item of “construct drawings or 
diagrams as representations of events or system” (NRC, 
2012, p. 58), students should be encouraged to represent 
and explain phenomena, make predictions, and solve 
different scientific problems through constructing their 
self-generated visual models (Greca & Moreira, 2000; 
Shepardson et al., 2017, Zhai et al., 2022).

In current environmental science classrooms, stu-
dents often make their thoughts and reasoning visible 
while studying topics related to climate change. Effec-
tive learning occurs when students consistently employ, 
evaluate, and refine their own models with respect to 
climate change (Zangori & Forbes, 2016; Zangori et al., 
2017). For example, Shepardson et al. (2017) investigated 
how middle school students enhance their comprehen-
sion of the greenhouse effect. They designed a draw-
and-explain task that prompted students to create, label, 
and compose a paragraph explaining their mental mod-
els of the greenhouse effect. The researchers found that 
students developed more sophisticated mental models 
of the greenhouse effect after making certain modifica-
tions to their drawings during the process of completing 
the learning activity. Therefore, drawing could serve as a 
significant medium that connects with both internal and 
external representations to facilitate analyzing, reason-
ing, and synthesizing scientific knowledge for a better 
understanding of the carbon cycle.

Representational drawing and abstract drawing
When considering drawing as a learning strategy to 
enhance model-based learning, it could be broadly 
defined as “a learner-generated external visual represen-
tation depicting any type of content, whether structure, 
relationship, or process, created in static two dimen-
sions in any medium.” (Quillin & Thomas, 2015, p. 2). All 
visualizations of drawing are analogical and cannot truly 
represent the real world, but they could be varied in the 
extent to which they are representational or abstract.

Representational drawing shares a physical resem-
blance with the objects that the drawing depicts (Ale-
sandrini, 1984; van Meter & Garner, 2005). One typical 
representational drawing is sketching. Different from 
other external representational modeling, sketching 
allows learners to construct visuo-spatial external mod-
els of scientific phenomena especially when learning 
from expository text materials (Scheiter et al., 2017), 
which could help students gain a deep understanding 
of spatial and causal knowledge of scientific domains 
(Suwa & Tversky, 1997). For example, the phenomenon 
of plate tectonics is not easy to explain verbally due to 
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the complex spatial relations of the Earth’s layered struc-
ture (Smith & Bermea, 2012). One good solution could 
be asking students to sketch the structure to identify 
the main features of plate tectonics such as rift, oceanic 
crust, and lithosphere.

While sketching offers notable advantages, prior 
research has identified certain boundary conditions that 
could limit the effectiveness of using sketching as an aid 
to learn from text materials. One such factor is whether 
learners should be provided with a clear specification 
regarding what to depict during the learning process 
(Leutner et al., 2009). Offering instructional scaffolds 
such as guided questions, labels or cut-out figures could 
improve the outcomes of sketching activities (Quillin & 
Thomas, 2015; van Meter, 2001; van Meter et al., 2006). 
By contrast, sketching without any additional instruc-
tions or scaffolds could impede learners’ comprehen-
sion of to-be-learned materials, due to an increased 
extraneous cognitive load caused by logistics of man-
aging drawing activities (Schwamborn et al., 2011). In 
addition, learners also benefit from receiving feedback 
on their drawings (van Meter & Garner, 2005). Provid-
ing learners with timely feedback could enable them to 
reflect on their drawings and facilitate them to self-regu-
late their interactions with learning content (Wu & Rau, 
2019). Therefore, teachers ought to provide students with 
opportunities to construct their external pictures as well 
as modify their creations.

Abstract drawing, on the other hand, is much more 
analogical than representational drawing. This type of 
external representation mostly consists of words, num-
bers, lines, and/or arrows, such as flowcharts, graphs, and 
phylogenetic trees (Quillin & Thomas, 2015). Concept 
mapping is a typical example of abstract drawing that has 
played a significant role in science education since the 
1970s. This graphic organizer often includes concepts 
enclosed in boxes or circles, and relationships between 
concepts indicated by labeled arrows or lines. Novak 
and Gowin (1984) indicated that concept mapping was a 
meaningful learning tool that enables learners to exter-
nalize their ideas of scientific phenomena and depict sug-
gested relationships between concepts in an organized 
way. In general, “a concept map is a schematic device for 
representing a set of the concept meanings embedded in 
a framework of propositions.“ (Novak & Gowin, 1984, p. 
15). Doing concept mapping could facilitate meaning-
ful learning processes by incorporating new knowledge 
into prior knowledge (Novak & Cañas, 2008). In addi-
tion, concept mapping could serve as an external scaffold 
to support learners to organize and structure informa-
tion during learning, thereby they had opportunities to 
enhance the comprehension of knowledge (Novak, 1990; 
Novak & Wandersee, 1991). Similar to learning through 
sketching, learners need to know how to create concept 

maps prior to engaging in the learning process (Chularut 
& DeBacker, 2004), but concept mapping is much more 
concise and emphasizes the processes of placing different 
related aspects into a coherent structure, which in turn is 
beneficial for deep scientific reasoning.

Retrieval practice
Retrieval practice is a powerful learning strategy that 
could foster long-lasting learning (Karpicke, 2012, 2017). 
Through retrieval practice, learners could promote their 
long-term retention of knowledge by recalling what 
they have learned previously (e.g., Roediger & Karpicke, 
2006a, b; Roediger et al., 2010). Research on retrieval 
practice can be traced back to a series of memory experi-
ments on testing effect, which has been shown to be a 
robust and replicable phenomenon in different educa-
tional settings including laboratory, physical and online 
classrooms (e.g., Carpenter, 2009; McDaniel et al., 2013; 
Millet et al., 2021; Zu et al., 2019). The general experi-
mental procedure of retrieval practice involves three 
main phases: an initial learning phase where learners first 
study to-be-learned materials; an interventional testing 
phase where learners recall what they have just learned 
without access to the original materials through quiz-
zing typically; and a final assessment phase where stu-
dents take a summative assessment, which can be from 
a few minutes after interventional activities (Rowland & 
DeLosh, 2015; Smith et al., 2013) to several weeks later 
(Carpenter, 2009; Larsen et al., 2013). As a compari-
son to the retrieval intervention, a commonly adopted 
learning strategy where students restudy the materials 
with notetaking is often applied as a control condition. 
Retrieval practice was demonstrated to be superior to the 
restudy strategy during the same amount of time (e.g., 
Roediger & Karpicke, 2006a, b; Roediger et al., 2010).

Two prominent accounts describe why retrieval prac-
tice benefits long-lasting retention of knowledge: the 
elaborative retrieval account and the episodic context 
account. The general idea of the elaborative retrieval 
account is that learners enhance their memory of knowl-
edge by generating several knowledge items that are 
semantically relevant to the retrieval cue provided, then 
incorporating these items with the targeted knowledge 
items to form an elaborated memory trace for a future 
search (Carpenter, 2009, 2011). By contrast, the episodic 
context account proposes that memory performance is 
consolidated by reinstating and updating the episodic 
context in which knowledge items are coded and stored. 
Specifically, learners first attempt to reinstate the epi-
sodic context associated with a knowledge item as part of 
a memory search process. When an item is successfully 
retrieved, the mental representation of knowledge items 
is updated by adding features from the current retrieval 
context to the features from the original study context. 
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Finally, when future retrieval attempts occur, these 
updated contexts can be used as additional cues to access 
the knowledge items such that memory is strengthened 
via not only the knowledge items but the addition of con-
text features (Karpicke et al., 2014; Karpicke, 2017).

Most previous applied research on retrieval practice 
focused on low-level recognition tasks and revealed a 
robust effect on factual knowledge performance (e.g., 
Carpenter, 2009; Johnson & Mayer, 2009; Smith et al., 
2013). Only a handful of studies have begun to explore 
if retrieval practice could also benefit more meaningful 
learning such as transfer and comprehension of com-
plex content (e.g., Butler, 2010; Jensen et al., 2014, 2020; 
McDaniel et al., 2013; Zu et al., 2019). In such studies, 
students worked on quizzes via answering inferential 
or application questions as retrieval practice after ini-
tially learning the materials. The results showed that the 
application of a concept in the retrieval quizzing phase 
facilitated application of the same concept in new situ-
ations on a final assessment (Butler, 2010; Jensen et al., 
2014, 2020; McDaniel et al., 2013; Zu et al., 2019). While 
retrieval practice produced benefits on higher-order 
meaningful assessment in the above-mentioned studies, 
it is important to note that some limitations exist while 
using testing as a way of practicing retrieval. One such 
limit is that questions used between the initial quizzing 
and the final summative assessment should be similar or 
at the same level to allow successful transfer of learning 
(Karpicke, 2017; Karpicke et al., 2014). It brings chal-
lenges for the application in real classrooms since it may 
cause high pressure for students if they work on high-
level questions just after the initial exposure to learn-
ing materials, which in turn results in less or no effect of 
retrieval practice. Another limitation is that when using 
question items with “high element interactivity”, the test-
ing effect may decrease or even disappear (van Gog & 
Sweller, 2015). For example, prior studies showed that 
no testing effect was presented on a one-week delayed 
assessment as students worked on complex worked 
examples questions in the initial learning phase (Leahy 
et al., 2015; van Gog et al., 2015). Given the limitations 
of testing as a way of practicing retrieval, it is crucial to 
innovate approaches that effectively harvest the benefits 
of retrieval practice in real classroom settings.

Theoretical Framework
Applying retrieval-based drawing to learn carbon cycling
It is undoubtful that involving students in meaningful 
learning is one of the most effective ways to achieve goals 
of science education (Novak, 1990). Meaningful learn-
ing refers to engaging students to actively construct new 
knowledge with their relevant prior knowledge through 
an organized, coherent, and integrated ways that allow 
them to make inferences and apply their knowledge in 

novel situations in real life (Ausubel, 1968). Such pro-
cesses emphasize that both construction and consolida-
tion of knowledge information are equally important 
during meaningful learning (Roelle et al., 2022). Drawing 
as a typical generative learning strategy engages students 
to actively construct their own visual representations 
during learning, thereby it is reasonable to assume that 
drawing could promote construction of knowledge. Yet, 
the benefits of drawing by learners themselves were only 
found on higher-order instead of lower-order factual 
knowledge items (Van Meter, 2001; Van Meter & Garner, 
2005). Moreover, many of drawing studies implemented 
posttests that followed immediately after an initial learn-
ing phase with drawing (for an exception, see Wammes et 
al., 2016), while evidence concerning long-term benefits 
(i.e., the consolidation of knowledge) of drawing tasks is 
relatively scarce. In contrast, retrieval practice revealed 
a robust effect on factual knowledge gains as well as on 
long-lasting instead of rote, transient learning outcomes 
(Karpicke, 2012). Thus, it is plausible to combine retrieval 
practice with drawing to exploit the function of con-
solidating knowledge at all cognition levels to optimize 
learning goals.

In the current study, we adopted retrieval-based draw-
ing strategy to explore if the combination of retrieval 
practice and drawing could be a promising approach 
to foster students’ meaningful learning. We only found 
a handful of studies that investigated the effectiveness 
of strategies integrating retrieval and drawing (Blunt 
& Karpicke, 2014; Heideman et al., 2017; Karpicke & 
Blunt, 2011). Heideman and colleagues (2017) designed 
a learning tool called Minute Sketches in Folded Lists 
(MSFL) for college students to self-assess their knowl-
edge retention and problem solving on introductory biol-
ogy concepts. They indicated that students using MSFL 
had better learning outcomes relative to students who 
only restudied learning materials via visually reviewing. 
Moreover, Blunt and Karpicke (2014) found that univer-
sity students benefited more from learning science texts 
when using concept mapping as a retrieval practice activ-
ity (i.e., creating concept maps in a closed-book format) 
than when using it as a generative learning activity (i.e., 
creating concept maps in an open-book format). They 
compared students’ performance in a one-week delayed 
test including both factual and inferential questions. The 
results revealed that drawing concept maps in the form 
of retrieval practice led to better knowledge retention 
on both factual and inferential questions. Based on these 
landmark findings, it is necessary to explore if the bene-
fits of retrieval-based drawing can be extended from col-
lege to high school classroom settings.

In addition, both sketching and concept mapping have 
the potential to significantly contribute to the compre-
hension of the carbon cycle. Yet, we were not sure what 
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differences exist between these two drawing strategies 
in terms of their effectiveness in enhancing students’ 
construction of a conceptual model of carbon cycling. 
Therefore, one of the goals in the current study is about 
comparing the effectiveness between sketching and con-
cept mapping for learning the carbon cycle.

Together, both learner-generated drawing and the 
retrieval practice strategies could improve meaning-
ful learning processes and outcomes, but less is known 
whether drawing in combination with retrieval practice 
would be better suited to optimizing high school stu-
dents’ comprehension on the carbon cycle. Therefore, we 
combined retrieval practice with drawing in the current 
study to explore if any additional benefits can be pro-
duced on high school students’ conceptual understand-
ing of carbon cycling.

Method
Overview of the current study
We designed an independent course where a group of 
Chinese high-school students learned carbon cycling 
through reading an introductory essay and employing 
retrieval-based drawing to construct their own models of 
the carbon cycle.

There have been numerous studies conducted to exam-
ine Chinese students’ performance on the learning of 
science via using various international assessment frame-
works. These studies have provided valuable insights into 
the academic achievements and capabilities of Chinese 
students in comparison to their international counter-
parts. It has been revealed that Asian Chinese students 
have the highest performance on science international 
tests such as Program for International Student Assess-
ment (PISA) (Cheng & Wan, 2016; Schleicher, 2019), 
although they tend to report lower self-efficacy than 
their western peers (Lau & Ho, 2020). Some other studies 
revealed more nuanced results. For example, research-
ers found that even though Chinese students did sig-
nificantly better on well-validated physics conceptual 
surveys than their U.S. counterparts, they did not dem-
onstrate different performance on the Lawson classroom 
test of scientific reasoning (Bao et al., 2009). These stud-
ies have contributed to our understanding of the learning 
achievements and strengths of Chinese students within 
international assessment frameworks, specifically in the 
context of science education. This current work also aims 
at contributing to the discussion of Chinese students’ 
learning performance on learning of environmental 
science.

This course was a part of Chinese high school geogra-
phy curriculum focusing on earth science and physical 
geography. Prior to the study, the students commonly 
adopted learning strategies such as re-reading learn-
ing materials or relying on existing models provided by 

teachers (i.e., instructor-provided models). Thus, one of 
objectives of the course is to transform teacher-centered 
instructions via engaging high school students to actively 
construct their own models to get deep understand-
ings on the spatial configurations of different carbon 
components, causal knowledge of matter, and energy 
transfer in the carbon cycle. Moreover, after the course, 
students would know if retrieval-based drawing could be 
an optional learning strategy when learning other cyclic 
nature of an ecosystem.

A between-subject design was employed in this study. 
Student participants were randomly assigned to six differ-
ent learning conditions (see Table 1). Four of the six con-
ditions were based on a factorial combination of retrieval 
practice and the two drawing strategies. Students in these 
four conditions were instructed to visualize their men-
tal models of the main processes of carbon cycling. To 
examine whether additional benefits exist when drawing 
methods were combined with retrieval practice, two con-
trol conditions were included: a retrieval-only condition, 
where students recalled information by paragraphing, 
and a restudy condition, rendering six conditions in total. 
The retrieval by paragraphing and the restudy conditions 
are commonly employed in retrieval practice research 
(e.g., Blunt & Karpicke, 2014; Karpicke & Blunt, 2011).

We examined the effect of retrieval-based drawing on 
students’ conceptual understanding of the carbon cycle 
with an immediate test. Their retention of knowledge 
was assessed by the same test in a week (referred to as 
the delayed test). The test consisted of factual questions 
and application questions. We hypothesized that stu-
dents practicing retrieval in a paragraphing format would 
outperform all other open-book conditions on factual 
questions due to the robust effect of retrieval practice on 
learning factual knowledge (e.g., Carpenter, 2009; John-
son & Mayer, 2009; Smith et al., 2013). We also hypothe-
sized that students in generative sketching and generative 
concept mapping conditions would outperform those 
in the restudy condition on application questions since 
drawing benefits more on higher-order learning perfor-
mance (i.e., questions on applying problem-solving skills, 
analysis, and application skills) than on lower-order rec-
ognition performance (van Meter, 2001; van Meter & 
Garner, 2005). We also anticipated that retrieval-based 
sketching and retrieval-based concept mapping condi-
tions would outperform other conditions on both factual 
and application questions since the combination of the 
two methods might work synergistically with each other 
to benefit both factual and application knowledge.

Participants
The study was conducted at an urban high school with a 
student population of approximately 3000 in a mid-sized 
city located in East China. We invited 186 tenth-grade 
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students (94 males and 92 females) for participation. 
These students, at the time, were enrolled in the geogra-
phy course taught by a geography teacher who had over 
11 years of teaching experience at the high school level.

Before the study, all the students and their guard-
ians were introduced the study and signed their consent 
forms to grant their consent for students’ participation. 
All procedures performed in the study involving the 
participants were in accordance with the Institutional 
Review Board of the university and ethical standards of 
the Institutional and National Research Committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Out of the 186 
participants, 136 students eventually completed all learn-
ing activities required of the study such that we had 23 
students in the generative sketching (GS) condition, the 
generative concept mapping (GC) condition, the retrieval 
sketching (RS) condition and the retrieval practice condi-
tion, respectively; and 22 students in the retrieval concept 
mapping (RC) and the restudy condition, respectively.

Materials
The students were required to learn an expository text 
on the topic of the global carbon cycle by themselves. 
The text material had a total of 659 words which covered 
basic components of carbon cycling, the processes of 
carbon transfer and transformation across atmosphere, 
hydrosphere, biosphere, and lithosphere (see Appendix 
A).

Additionally, six different learning tasks were devel-
oped in accordance with the six learning conditions. 
Specifically, students in both RS and GS conditions were 

provided with a sheet of paper containing a background 
image and several figures possibly representing the differ-
ent components of the carbon cycle, along with an exam-
ple sketch of the urban heat island. Students in both RC 
and GC conditions were provided with a sheet of paper 
including an example of concept maps on the Earth’s 
energy budget. Students in the retrieval practice and the 
restudy conditions were provided with a sheet of blank 
paper (details are provided in Appendix B). Moreover, 
students in all conditions received necessary instruc-
tions and completed their respective learning tasks 
independently.

The same test material was used in both the immediate 
and one-week delayed tests, which covered knowledge of 
the carbon cycle. There were three types of tasks on the 
test: five fill-in-the-blank questions, a diagram task, and 
a flow-chart task (see Appendix C). The fill-in-the-blank 
questions and the diagram task were designed to assess 
students’ factual knowledge on the carbon cycle. The 
flow-chart task was adapted from a box-diagram assess-
ment tool by Sibley and colleagues (2007), and it was 
used to assess the degree to which students could apply 
the knowledge learned in a new context. All the learning 
and test materials were first designed by the first author, 
and reviewed and edited by the geography teacher to 
make sure they were appropriate for the students.

Procedure
Prior to the formal study, a pilot study was conducted to 
test the validity of both the materials and design used in 
the study. Twelve students in the school were randomly 
selected to participate in the pilot study, with two in 
each learning condition. They were from a different class 
taught by the same geography teacher. Minor adjust-
ments were made accordingly after the pilot study.

In the beginning of the formal study, all the students 
were instructed the background knowledge of the car-
bon cycle, including atomic-molecular models of differ-
ent carbon compounds, the concept and/or chemical 
equations of different processes relevant to the carbon 
movement, such as photosynthesis and cellular respira-
tion. In addition, the students were required to review 
relevant prior knowledge they learned in middle school, 
including concepts of evaporation and condensation, 
acid and bases, combustion, and food web. Additionally, 
the students were instructed on how to create concept 
maps. Specifically, the geography teacher guided the stu-
dents to review the water cycle by constructing a concept 
map with reference to the guideline proposed by Novak 
and Cañas (2008). The students did not receive training 
on sketching since it was a familiar and straightforward 
learning technique to them compared to the concept 
mapping strategy. Besides, to reduce the influence of 
limitations on students’ drawing abilities, the students 

Table 1 Introduction of the six conditions
Learning 
condition

Learning activities Rationale of 
the design

Generative 
sketching (GS)

Students drew sketches of the carbon 
cycle while reading the text material.

Representa-
tional drawing 
in an open-
book style

Generative 
Concept map-
ping (GC)

Students drew concept maps of the 
carbon cycle while reading the text 
material.

Abstract 
drawing in an 
open-book 
style

Retrieval 
Sketching (RS)

Students read the text first and then 
drew sketches of the carbon cycle 
without access to the text material.

Representa-
tional drawing 
in a closed-
book style

Retrieval Con-
cept mapping 
(RC)

Students read the text first and then 
drew concept maps for the carbon 
cycle without access to the text 
material.

Abstract 
drawing in a 
closed-book 
style

Retrieval 
practice

Students read the text first and then 
recalled as much of the information as 
they could by paragraphing.

Control 1

Restudy Students read the text and then 
restudied it by taking notes

Control 2
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were provided with necessary symbols and figures in the 
sketching tasks’ instruction.

After being equipped with background knowledge and 
drawing skills, the students participated in the learning 
session. Table  2 provides an overview of the process of 
the learning and testing sessions for the six conditions. 
During the learning session, students in the RS and the 
RC conditions had four consecutive task phases. First, 
students in both conditions studied the text material on 
a paper sheet, in an initial 5-min study period. After the 
initial study phase, students in the RS condition drew 
their mental models of the carbon cycle by annotated 
sketching without access to the text material. Namely, 
students in this condition practiced recalling with repre-
sentative drawing strategy in a closed-book style. Besides 
drawing, students were required to label each process of 
the carbon cycle while they were drawing. Students in the 
RC condition constructed their carbon cycle models by 
creating concept maps. Likewise, they were not allowed 
to access the text material while creating concept maps, 
thereby they freely recalled the abstract drawing method 
in a closed-book style. The drawing phase for both 
retrieval practice drawing conditions lasted about 10 min. 
After the drawing phase, students in both conditions 
had 5  min to check and restudy the text material. Dur-
ing the last phase, students from both conditions took 
10 min to edit their drawings without access to the text 
material. The schedule for time spent on each task step 
was designed to be consistent with previous studies (i.e., 
Blunt & Karpicke, 2014; Karpicke & Blunt, 2011). Pilot 
testing showed that the time was enough for students to 
complete each learning phase in these conditions.

For the GS and the GC conditions, students either gen-
erated their annotated sketching or concept maps accord-
ing to their conditions with access to the text material 
(i.e., in an open-book style). For the retrieval practice 
condition, students were required to recall and write 
down as much information of the text as they could. For 
the restudy condition, students were required to restudy 
the text and take notes by themselves after the initial 
learning. In all conditions, students were given 30 min to 
complete their learning tasks.

At the end of the learning session, students from all six 
conditions took the immediate test, the content of which 
was relevant to the text learning material on the carbon 
cycle. The time allowed for completing the immediate 
test was 20 min. Students took the same delayed test in 
another 20 min one week later. The details of the scoring 
process can be found in the results section below.

Results
GPA comparison
We first conducted a one-way ANOVA test on the GPA 
scores of all students and found no significant difference 
among the six conditions at the level of p = .05, indicat-
ing the participants assigned to different conditions were 
equivalent satisfying the randomization assumption.

Initial learning activities
We investigated the number of idea units covered in 
each condition (except the restudy condition) during 
the learning session (see Table  3). The global carbon 
cycle expository text was divided into 23 idea units. Spe-
cifically, students’ artifacts were scored by the following 
grading protocol: one point is rewarded for each cor-
rectly presented idea unit (through either paragraphing 
or drawing) in all five conditions, rendering a maximum 
of 23 points. 0.5 point was rewarded if any idea unit was 
partially recalled or drawn (Karpicke & Blunt, 2011). A 
one-way ANOVA suggested that there was no significant 
difference between the five conditions, F(4, 109) = 2.336, 
p = .06, η2p = 0.079, although students in the retrieval 
practice condition produced relatively more idea units 
during study.

Table 2 Procedure of the study design
Learning condition Learning session Testing session

1 2 3 4 Immediate Delayed
Retrieval Sketching Study

(5 min)
Sketching
(10 min)

Restudy
(5 min)

Sketching
(10 min)

20 min 20 min

Retrieval Concept mapping Study
(5 min)

Concept mapping
(10 min)

Restudy
(5 min)

Concept mapping
(10 min)

Generative Sketching Sketching while reading the text (30 min)

Generative Concept mapping Concept mapping while reading the text (30 min)

Retrieval only Study
(5 min)

Recall
(10 min)

Study
(5 min)

Recall
(10 min)

Restudy Study and restudy by taking notes (30 min)

Table 3 Mean Score of Students for the number of idea units 
covered in the initial learning task
Condition M SD
Generative Sketching (N = 23) 13.96 3.76

Generative Concept mapping (N = 23) 12.74 3.86

Retrieval Sketching (N = 23) 13.30 3.37

Retrieval Concept mapping (N = 22) 12.73 2.66

Retrieval Practice (N = 23) 15.30 2.97

Restudy (N = 22)
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Overall performance on the immediate and one-week 
delayed test
For purposes of grading the tests, a rubric was devel-
oped by the first author beforehand. Specifically, students 
received one point for each fill-in-the-blank question 
if they gave the correct answer (for a total of 5 points). 
Similarly, they were given one point when they correctly 
answered each item in the diagram and the flow-chart 
task, yielding a maximum score of 26 points. Participants 
did not receive any credit for vague or partially correct 
answers but could receive credit for correct answers that 
were worded differently than the text materials.

Initially, 30 immediate tests were independently graded 
by the first author and the geography teacher with 5 from 
each of the six conditions, and the interrater correlation 
of Pearson between scores was 96%. Given the high inter-
rater reliability, the remaining tests were scored by the 
first author.

Table 4 presents learning performance of the students 
in each condition on both the immediate and one-week 
delayed tests. The learning results are also displayed 
separately for the overall carbon cycle test, the factual 
knowledge questions, and the application questions. 
The performance for the overall test was determined by 
dividing the total score of each participant by the highest 
possible score (26 points) on the test. The performance 
for the factual knowledge questions was determined by 
dividing the score of each participant on the fill-in-the-
blank questions and the diagram task by the maximum 
possible score of 18 points. The performance for the 
application knowledge was determined by dividing the 
score of each participant on the flow-chart task by the 
maximum possible score of 8 points.

We examined the performance of students from all six 
conditions on the immediate and the one-week delayed 
tests (see Fig. 1). The results were submitted to a 6 ×  2 
mixed measures ANOVA, with learning condition as 
the between-subject independent variable and reten-
tion interval as the within-subject independent variable. 
Overall, there was a significant effect of retention inter-
val, F(1, 130) = 2.104, p < .001, η2p = 0.106, indicating for-
getting occurred during one week. We also found a main 
effect of learning condition, F(5, 130) = 2.358, p = .044, 
η2p = 0.083. However, these effects were not qualified by 
Learning Condition ×  Retention Interval interaction, 
F(5, 130) = 2.168, p = .062, η2p = 0.077.

Subsequent analysis showed no significant difference 
between all 6 conditions on the immediate test perfor-
mance, F(5, 130) = 1.214, p = .306, η2p = 0.045. However, 
for the one-week delayed test performance, there was a 
significant main effect on condition, F(5, 130) = 3.389, p 
= .007, η2p = 0.115. Post hoc analyses revealed that stu-
dents in the retrieval practice condition had better per-
formance than students who did not practice retrieval 

during the initial learning. Specifically, the retrieval prac-
tice condition outperformed the GS condition, ( 0.58 vs. 
0.51), t (44) = 2.25, p = .03, d = 0.11, 95% CI [ 0.01, 0.14], 
as did the GC condition, ( 0.58 vs. 0.50), t (44) = 2.94, p 
= .005, d = 0.09, 95% CI [ 0.03, 0.14], and did the restudy 
condition, ( 0.58 vs. 0.44), t (43) = 3.27, p = .002, d = 0.14, 
95% CI [ 0.05, 0.22], respectively. In addition, students 
in the RC condition had better performance than stu-
dents in the restudy condition, ( 0.55 vs. 0.44), t (42) = 
2.68, p = .005, d = 0.13, 95%CI [ 0.03, 0.19], suggesting 
that retrieval practice was also beneficial when students 
drew concept map during the carbon cycle learning. 
Meanwhile, we found the RS condition outperformed the 

Table 4 Mean Score of Students for Different Questions from 
the Six Conditions on Both Immediate and One-week delayed 
Tests1

Condition Overall 
test

Factual 
knowledge
questions

Application
knowl-
edge 
questions

Immediate test
Generative Sketching (N = 23) 0.55 (0.10) 0.50 (0.13) 0.66 (0.12)

Generative Concept mapping 
(N = 23)

0.52 (0.08) 0.49 (0.12) 0.58 (0.18)

Retrieval Sketching (N = 23) 0.54 (0.17) 0.54 (0.17) 0.56 (0.26)

Retrieval Concept mapping 
(N = 22)

0.56 (0.10) 0.53 (0.09) 0.64 (0.18)

Retrieval Practice (N = 23) 0.59 (0.11) 0.56 (0.08) 0.65 (0.23)

Restudy (N = 22) 0.52 (0.13) 0.49 (0.14) 0.57 (0.23)

One-week delayed test
Generative Sketching (N = 23) 0.51 (0.11) 0.48 (0.13) 0.56 (0.20)

Generative Concept mapping 
(N = 23)

0.50 (0.10) 0.46 (0.11) 0.57 (0.13)

Retrieval Sketching (N = 23) 0.54 (0.15) 0.53 (0.16) 0.54 (0.27)

Retrieval Concept mapping 
(N = 22)

0.55 (0.10) 0.52 (0.10) 0.62 (0.19)

Retrieval Practice (N = 23) 0.58 (0.11) 0.57 (0.11) 0.60 (0.20)

Restudy (N = 22) 0.44 (0.16) 0.44 (0.15) 0.45 (0.25)
Note: Standard deviations are reported in parentheses
1Students’ anonymized raw data could be provided at the request of any 
interested reader. The authors could also provide a reasonable level of 
translation help

Fig. 1 Students’ performance on the immediate and the one-week de-
layed tests
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restudy condition, although the difference between these 
two conditions was marginally significant, ( 0.54 vs. 0.44), 
t (43) = 1.96, p = .06, d = 0.16, 95%CI [− 0.00, 0.18].

To further investigate how different types of draw-
ing (sketching vs. concept mapping) influence students’ 
learning outcomes on the carbon cycle, we conducted 
a one-way ANOVA to examine if there was any signifi-
cant difference between the four drawing conditions on 
the delayed performance. Similar to the results of the 
immediate test, students from the four drawing condi-
tions had equivalent learning outcomes on the delayed 
test, F(3, 87) = 1.245, p = .30, η2p = 0.041, indicating that 
students could either adopt sketching or concept map-
ping to construct their carbon cycle model for learning, 
and whether combining with retrieval practice did not 
matter. The data analysis also showed that performance 
in the retrieval practice condition was essentially equiva-
lent to the RC conditions, ( 0.58 vs. 0.55), t (43) = 0.78, p 
= .44, d = 0.10, 95%CI [− 0.04, 0.09], and to the RS condi-
tion ( 0.58 vs. 0.54), t (44) = 1.08, p = .29, d = 0.13, 95%CI 
[− 0.04, 0.12].

Factual knowledge performance
Figure  2 shows performance of students from different 
conditions on the factual questions for both the imme-
diate and the one-week delayed test. The results were 
submitted to a 6 ×  2 mixed ANOVA, with learning con-
dition as the between-subject independent variable and 
retention interval as the within-subject independent 
variable. Similar to the overall performance, we found 
a statistically significant effect of retention interval, F(1, 
130) = 5.094, p = .026, η2p = 0.038. There was also a main 
effect of learning condition, F(5, 130) = 2.436, p = .038, 
η2p = 0.086. However, there was no statistically significant 
interaction effect, F(5, 130) = 1.077, p = .376, η2p = 0.04.

Subsequent one-way ANOVA revealed a non-signif-
icant result for all 6 conditions on the immediate fac-
tual knowledge performance, F(5, 130) = 1.245, p = .292, 
η2p = 0.046. There was a significant main effect of the 
condition on the one-week delayed factual performance, 
F(5, 130) = 3.21, p = .009, η2p = 0.11. Post hoc analyses 
revealed that students in the retrieval practice condition 
had better factual performance than students who did 
not practiced retrieval during the initial learning. Specifi-
cally, retrieval practice condition reflected a higher score 
than the GS condition, ( 0.57 vs. 0.48), t (44) = 2.43, p = 
.02, d = 0.12, 95% CI [ 0.01, 0.16], as did the GC condi-
tion, ( 0.57 vs. 0.46), t (44) = 3.22, p = .002, d = 0.11, 95% 
CI [ 0.04, 0.17], and did the restudy condition, ( 0.57 vs. 
0.44), t (43) = 3.32, p = .002, d = 0.13, 95% CI [ 0.05, 0.20], 
respectively. In addition, both the RC condition and the 
RS condition outperformed the restudy condition, ( 0.52 
vs. 0.44), t (42) = 2.19, p = .035, d = 0.13, 95%CI [ 0.00, 

0.16], and ( 0.53 vs. 0.44), t (43) = 2.09, p = .042, d = 0.15, 
95%CI [ 0.00, 0.19].

We further conducted a one-way ANOVA to examine 
if there was any significant difference between the four 
drawing conditions on the delayed factual performance. 
Again, no difference was found on the four drawing con-
ditions, F(3, 87) = 1.664, p = .181, η2p = 0.054. In addition, 
we also found that the retrieval practice condition pro-
duced essentially equivalent outcomes as the RC con-
ditions, ( 0.57 vs. 0.52), t (43) = 1.35, p = .183, d = 0.11, 
95%CI [− 0.02, 0.11], and as the RS condition ( 0.57 vs. 
0.53), t (44) = 0.793, p = .432, d = 0.13, 95%CI [− 0.05, 
0.11].

Application knowledge performance
Figure  3 shows students’ performance on the applica-
tion knowledge questions for both the immediate and the 
one-week delayed test. Again, a 6 ×  2 mixed ANOVA 
revealed a statistically significant main effect of retention 
interval, F(1, 130) = 9.63, p = .002, η2p = 0.069. However, 
there was no statistically main effect of learning condi-
tion, F(5, 130) = 1.21, p = .308, η2p = 0.044. We also did 
not find significant interaction effect, F(5, 130) = 1.42, p 
= .221, η2p = 0.052. Thus, for the application knowledge 
performance, we did not find any difference between all 
the conditions on either the immediate or the delayed 
tests.

Fig. 3 Students’ application knowledge performance on the immediate 
and the one-week delayed tests

 

Fig. 2 Students’ factual knowledge performance on the immediate and 
the one-week delayed tests
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Discussion
The first goal of this study was to investigate whether 
retrieval practice could enhance high school students’ 
learning of the carbon cycle. The results are consis-
tent with findings from prior research which discovered 
retrieval practice could produce more benefits to long 
term retention of knowledge and conceptual understand-
ing than the typically adopted restudy method (Karpicke, 
2012, 2017; Roediger & Karpicke, 2006b; Roediger et al., 
2010). More importantly, the current study also demon-
strated that retrieval practice could be not only adopted 
as a stand-alone learning technique but implemented 
in combination with other well-established elaborative 
learning strategies such as sketching and concept map-
ping in the context of learning the carbon cycle topic at 
the high school level.

The second goal of the study was to compare the effect 
of two commonly used drawing strategies on students’ 
learning outcomes of the carbon cycle. When students 
generated their models of the carbon cycle, similar lev-
els of learning benefits were produced by creating either 
abstract drawing - the concept mapping or the represen-
tational drawing – sketching. The result pattern is unaf-
fected regardless of whether they were implemented in 
combination with retrieval practice or not. Addition-
ally, the concept mapping had comparable benefits for 
students’ performance on both factual and application 
knowledge compared to the sketching. From a theoretical 
perspective, sketching and concept mapping could both 
follow the Select-Organize-Integrate procedure in gener-
ative learning theory for constructing a model (Fiorella & 
Mayer, 2016; Mayer, 2014). Also, the current study illus-
trated that high school students could very well master 
different types of representational skills for the learning 
of environmental science.

The last goal of this study focuses on whether different 
drawing strategies combined with retrieval practice could 
further enhance students’ conceptual understanding of 
the carbon cycle. We found benefits when students cre-
ated either concept maps or sketches with retrieval prac-
tice in the long run, especially on the factual knowledge, 
but this pattern was not found for the application ques-
tions (i.e., the flow-chart task) which requires students to 
transfer their learned knowledge to solve a problem in a 
new context. In addition, we were interested in whether 
drawing combined with retrieval practice (i.e., drawing 
in a closed-book format) could benefit students’ learning 
outcomes compared to the stand-alone drawing strategy 
(i.e., drawing in an open-book format). In the present 
study, however, we did not find any additional benefits of 
combining retrieval practice with drawing over drawing 
with access to the learning materials. This null result was 
surprising since retrieval practice is often thought to be a 
powerful learning tool (Karpicke, 2012, 2017; Roediger & 

Karpicke, 2006b; Roediger et al., 2010). Drawing opera-
tionalized in retrieval practice should merge the ben-
efit from both methods and the process should appear to 
encourage students to build a more robust mental model 
of the carbon cycle in the long run. Additionally, we did 
not find any difference between retrieval practice in the 
typical paragraphing format and retrieval practice com-
bined with both drawing methods.

These null results are consistent with sparse prior 
studies which also failed to find additional benefits of 
combining retrieval practice with other learning strate-
gies. One such study examined the effects of combining 
retrieval practice with an imagery-based elaborative key-
word method (Karpicke & Smith, 2012). The research-
ers found this elaborative strategy did not produce any 
further learning when it occurred after several success-
ful retrieval practices. Furthermore, Blunt and Karpicke 
(2014) asked students to practice retrieval either by 
paragraphing or by creating a concept map when learn-
ing a science expository text. On a one-week final test, 
they found either paragraphing or concept mapping in a 
closed-book style produced comparable benefits. Addi-
tionally, they also examined practicing retrieval by para-
graphing is more effective than creating concept maps in 
an open-book style (Blunt & Karpicke, 2014). However, 
the authors did not compare the closed-book concept 
mapping condition with the open-book concept map-
ping condition, therefore they did not report if there 
was no difference between these two styles. In another 
study, O’Day and Karpicke (2020) had college students 
either create a concept map prior to practice retrieval 
by freely recalling or complete these two strategies sepa-
rately when learning an educational material. The results 
revealed that when students worked on both activities, 
their outcomes failed to produce any additional benefits 
over practicing retrieval alone.

The lack of additional benefits when retrieval practice 
was implemented simultaneously with either concept-
mapping or sketching begs for an explanation. One pos-
sible explanation is the typical cognitive process required 
by retrieval practice is disturbed when students work 
on drawing tasks. From the cognitive load perspective 
(Sweller, 2010; Sweller et al., 2019), engaging in both 
retrieval and drawing may overwhelm the limited work-
ing memory capacity (Cowan, 2010). When students 
sketched or created concept maps, they might distribute 
a portion of their cognitive energy on thinking of build-
ing graphical representations. As a result, they would not 
be able to spend all their cognitive resources at recall-
ing information from the text materials as they would if 
they engaged in retrieval in its pure form. However, this 
explanation seems to contradict our discovery that there 
was no difference in the number of idea units about the 
carbon cycle text identified by students between the 
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generative concept mapping and retrieval concept map-
ping conditions, or between the generative sketching 
and retrieval sketching conditions during initial learn-
ing. More future studies are needed to investigate the 
possibility.

Another possible account could be related to the cohe-
sion and elaboration level of the materials adopted. This 
explanation is generated from the findings of Roelle and 
Nückles (2019). In their study, the authors compared gen-
erative learning and retrieval practice by using expository 
text of either high or low levels of cohesion and elabora-
tion. Specifically, learners who are in the generative con-
dition were asked to highlight the main content items of 
the expository text and then to illustrate the main con-
tent items of the text with access to the text. Learners in 
the retrieval condition, however, were prompted to recall 
as much information as possible from the expository text. 
The authors reported that engaging learners in retrieval 
practice was beneficial when the expository text was of 
high cohesion and elaboration, whereas engaging learn-
ers in generative activities was not. By contrast, when the 
learning material was of low cohesion and elaboration, 
only engaging learners in generative learning activities 
was beneficial (Roelle & Nückles, 2019). In the current 
study, the cohesion and elaboration level of the carbon 
cycle text might be positioned as “medium”, thus the 
advantage of either generative drawings or drawing with 
retrieval practices might be “compromised” or “neutral-
ized”. This possibility certainly needs future research 
before such a conclusive assertion is offered.

Conclusions
Research exploring effect of combining different educa-
tional strategies remains quite scarce, especially within 
the context of environmental science. There is consid-
erable room for future research on integrating retrieval 
practice with other effective learning strategies. This 
study sheds some initial light on the effect of using two 
different drawing methods synergistically with retrieval 
practice to promote students’ understanding of the car-
bon cycle. The implication for climate change education 
is that high school students should be encouraged to 
adopt retrieval practice in their learning experience to 
reap its long-term mnemonic benefits. In the meanwhile, 
most previous applied studies on retrieval practice have 
been conducted with student population from the North 
American and Western Europe countries (Agarwal et 
al., 2021). This study expands the population sample by 
the inclusion of high school students from an East Asian 
country which has a different cultural background and 
educational practices. It provides further evidence sup-
porting retrieval practice as a universally effective learn-
ing strategy.

Despite the encouraging findings, there are some limi-
tations in this study. It should be noted that the current 
study was conducted only once with relatively small 
sample sizes. In addition, the measurement instrument 
adopted in the study is required to be tested with more 
student population to increase its validity and reliability. 
Future studies could design courses within the context 
of environmental science through integrating retrieval-
based learning with more participants for a longer dura-
tion (e.g., one semester) to examine its effectiveness. 
Additionally, besides quantitative data collection, qualita-
tive methods such as structured or semi-structured inter-
viewing and/or field observations could be employed to 
further investigate students’ attitudes and experiences 
towards retrieval-based learning. In general, our study 
opens the possibility for future research on exploring 
ways to broadly incorporate retrieval practice with other 
highly effective learning strategies to maximize the learn-
ing efficiency in climate change education.
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