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variability of hydrological states and fluxes, scale-dependent 

flow and transport properties, and incomplete process 

understanding. Comprehending this level of complexity 

and ways to conceptualize watersheds requires higher-

order, reflective, metacognitive, and critical thinking skills 

(Ngambeki et al., 2012). Finally, a purely theoretical 

coverage of watershed topics can be unexciting to today’s 

engineering students who are better inspired by hands-on 

teaching methods (Aghakouchak and Habib, 2010). Due to 

these challenges, engineering and science students struggle 

with the initial idea of watersheds, which, in turn, make 

subsequent lessons dependent on the watershed concept 

more difficult.

The primary objective of this work was to develop 

and test the efficacy of model-based instruction, using 

something students see every day such as a leaf, to 

introduce the concepts of watersheds. Participants were 

junior and senior undergraduate students attending a large 

Midwestern land-grant research university. All participants 

were enrolled in a Water Resource Engineering course 

taught by the lead author.

ratioNaLE
Given the challenges of teaching about watersheds, 

in this study instructors drew on the literature of analog 

and concept mapping to construct watershed lessons. In 

science instruction, models function through the creation of 

analogies (Leatherdale, 1974) where “objects, symbols, and 

relationships (the analog) represent another system (the 

target) in a different medium” (Gilbert and Ireton, 2003). 

Models may exist in many different formats including, but 

not limited to, physical or concrete models such as scale 

models, functional models that behave or operate like the 

target they represent, or mathematical models, including 

equations and graphs. The use of analogies in the teaching 

of science and engineering education enables learners to 

construct their own personal conceptual understanding by 

comparing something familiar—based on their own past 

knowledge, experiences, and preferences—with something 

unfamiliar (Harrison and Treagust, 2006).

The process of constructing linkages between the 

target and the analog is called concept mapping (Novak 

and Cañas, 2008). The underlying assumption of concept 

mapping is that learners’ existing knowledge system is like 

a conceptual map; as learners relate or assimilate the new 

knowledge/concepts into their existing knowledge system, 

they are actively building a conceptual relationship and 

the new learning becomes meaningful (Novak and Cañas, 

2008). Using concept mapping to construct models has 

been found to be very useful in scientific inquiry (Ebenezer 

et al., 2011). Furthermore, students who actively seek the 

underlying structures (of study materials) that made sense 

to them were found to have better academic performance 

(Yang and Bliss, 2014). Well-selected analogies also have 

an added benefit of having the power to interest and excite 

student learning (Harrison and Treagust, 2006).

Analogies have instructional value, but it is important 

to recognize they can also be “two-edged swords” as 

the learning they generate is often be accompanied 

by alternative ideas or misconceptions (Harrison and 

Treagust, 2006). This occurs because learners are unlikely 

to have the background experiences and knowledge on 

which to view the model from the same perspective as 

the instructor (Harrison and Treagust, 2006). Thus, it is 

not surprising that research has shown that the teachers’ 

ability to influence student thinking around the similarities 

and differences of the analogy and target are an influential 

factor in the efficacy of a model/analogy in the classroom 

(Harrison and Treagust, 2000; Venville and Dawson, 2004).

Additionally, students often process and interact with 

information in different ways, which educators consider 

different learning styles. Learning styles are defined as 

“characteristic cognitive, affective, and psychological 

behaviors that serve as relatively stable indicators of 

how learners perceive, interact with, and respond to 

the learning environment” (Keefe, 1979). Many studies 

have found that students with different learning styles 

not only react differently to various forms of instruction, 

but also perform differently depending on the nature of 

the course/discipline. For example, students who prefer 

a linear and more structured learning style have more 

favorable views of lectures. Intuitiors perform better than 

sensors in theoretical engineering courses that focus on 

problem-solving abilities (Felder et al., 2002; Spurlin et 

al., 2003). Therefore, understanding students’ learning 

styles is critical, as it can potentially allow instructors to 

tailor the way(s) they teach to make it more balanced and 

effective. Several theoretical models have been developed 

to examine learning styles, such as Kolb’s Learning Styles 

and Experiential Learning Model (Kolb, 1984), the Myers-

Briggs Type Indicator (Myers, 1978), and the Felder-

Silverman Learning Style Model (Felder and Silverman, 

1988). Although these models have addressed some 

overlapping aspects of learning styles, the Felder-Silverman 

Learning Style Model focuses on engineering students and 

intends to capture the key features of learning styles among 

engineering students in particular.

Leaf analog Model

Watershed concepts are generally taught in a purely 

theoretical coverage of concepts using lectures, using a 

conceptual hydrological model (Aghakouchak and Habib, 

2010; AghaKouchak et al., 2013), comparative analysis 

using conceptual models (Shaw and Walter, 2012), and 

conceptual mapping using driving question board (Rye 

et al., 2013). Each of these methods have their own 

advantages and disadvantages. We believe that introducing 

the concept of watersheds using something students 

see every day, a leaf, can be taught universally. Eudicot 

leaves generally have a number of physical and functional 

similarities that make them an ideal analog for the concept 

of a watershed. For example, both leaves and watersheds 

can be found in different shapes and sizes. The midrib and 

veins in the leaves can be analogous to the stream network 

in a watershed, while the lamina or leaf blade can be 

mapped to the watershed area.

Before implementing this analogy, the instructor 

consulted with six senior full professors (three engineering, 

two geography, and one plant sciences) to explore the 

content validity of using the leaf as an analog for the 

intended concepts of watersheds. All six expert reviewers 

felt that the leaf analog had merit and encouraged the 

idea of using the leaf analogy to teach the concepts of 

watersheds. At least three of these reviewers have since 

adopted the leaf analogy when teaching the concepts of 

watersheds in their own classes.

As previously mentioned, careful attention to the 

selection and use of models in science education is 
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important. The Focus-Action-Reflection (FAR) Guide, was 

developed to assist educators in effectively developing and 

using analogies in instruction (Harrison and Coll, 2008). 

This approach serves as the foundation for the leaf analogy 

instruction and enable students to draw comparisons 

between a watershed and a leaf through in-class activities. 

In the first of this three-phase FAR approach, teachers are 

encouraged to “focus” or be mindful of the target concept 

complexity, prior student knowledge, and experience with 

the analog and make this information explicit to both 

the teacher and students. In the second phase, “action,” 

students explore the analogical model (leaf), focusing in 

on both how it is and is not like the target (watersheds). In 

the final phase, “reflection,” the instructor is encouraged to 

reflect on the clarity and usefulness of the analogy when 

mapping concepts between the target (watersheds) and the 

analog (leaf), and to re-focus on the previous phases as 

necessary.

Learning objectives

The ultimate goal of the leaf–watershed analogy and 

associated instruction is to increase students’ understanding 

of hydrology principles and watershed concepts. More 

specifically, students will be able to:

1. Define and draw diagrams of the important elements 

of a watershed, including watershed divide (watershed 

boundary), stream network, outlet, and direction of 

flow.

2. Describe the influence of geology and topography on 

the shape of the watershed divide and the pattern of 

the drainage network.

3. Draw diagrams and describe the watershed shapes 

and sizes.

4. Determine the topographic division of watershed 

(boundary) to delineate a watershed and describe the 

effect of topography on them.

5. Estimate and describe the distinguishing properties 

(characteristics) of the watershed.

6. Determine the relative size of streams (stream 

ordering) and differentiate first, second, and third 

order streams.

MatEriaLS
This lesson requires leaves of multiple sizes and shapes 

for students to investigate. Students also need graph 

paper, plumb line, calculator, pencil, and an eraser for the 

activities. A document camera, so the instructor can project 

images leaves onto a screen while annotating them for 

comparison, would be ideal. However, if this is not possible, 

images, like the ones included in this article, can be used 

with a SMART board system.

activities for the Learning objectives

Completing all the activities as described below took 

approximately 3 hours. However, this could be adapted to 

as little as 30 minutes or as much as 5 hours, depending on 

the number of examples, activities, objectives, and students 

included. As designed, the instruction included individual 

work, small group discussions, and whole-class teacher led 

discussions.

Learning objective 1: define and draw 
diagrams of the important elements of a 
watershed.

Students were asked to bring their own leaves of 

multiple sizes and shapes to class for an introduction 

to watershed concepts. Students were divided into 

heterogeneous groups based on learning styles. Here, 

students made connections between what they saw on 

their leaves and their experiences with creeks and streams 

through an instructor-guided group discussion. Students 

identified a number of the watershed elements [watershed 

divide (watershed boundary), stream network, outlet, 

direction of flow] on their leaves and described their 

physical and functional similarities to streams and creeks. 

For example, the students compared midrib and veins in the 

leaves to the stream network, while the lamina or leaf blade 

can be mapped to the watershed area. Then the students 

were individually asked to draw these elements on one of 

their leaves and discuss the similarities and differences in 

their groups. Finally, Fig. 1 was shown and groups were 

asked to compare it with their drawings.

Learning objective 2: describe the influence 
of geology and topography on the shape of 
the watershed divide and the pattern of the 
drainage network.

This activity had three parts. In the first part, students 

identified different leaf margins (Fig. 1b). Students made 

connections between what they saw on the different leaf 

margins and the types of geology and topography that 

would create a similar watershed divide. In the second part, 

students identified different vein patterns and were asked to 

make connections between vein network and drainage types 

(e.g., dentritic, trellis, and radial). These were then related 

to geology and topography (Fig. 1c). In both parts, students 

applied their knowledge of geology and topography during 

the discussion, first by themselves and then in the group 

discussion. The third part of the activity (Fig. 1d) introduced 

some possibilities for topography, geology, and rainfall 

patterns that could cause the drainage patterns observed 

in the examples (Fig. 1d). The instructor introduced some 

leaves with unique leaf margins and vein networks, then 

guided the discussion toward the end of the project.

Learning objective 3: draw diagrams and 
describe the watershed shapes and sizes.

Each student was asked to calculate the Gravelius’ 

compactness coefficient for a leaf (Fig. 1e). By tracing the 

leaf on a graph sheet and counting the squares, students 

calculated the area of the leaf. The leaf’s perimeter was 

calculated by tracing its boundary using a thread and 

measuring the result. After successfully completed, students 

compared and contrasted their estimations with a neighbor 

who had a leaf with a different shape. The instructor guided 

the discussion toward the differences they observed in 

watersheds based on shape (e.g., highlight the differences 

in a circular watershed and an elliptical one), and size (e.g., 

area, perimeter). The students made connections between 

leaf sizes (Fig. 1f) and the watershed’s classification based on 

size [e.g., sub-watersheds (200–400 hectares), river basins 

(<1000 hectares), etc.]. Students were also instructed on 

other classification approaches based on function (response 

to rainfall inputs), types of storage (e.g., no ground water 

storage), type of flow (overland flow), and so forth.
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aPPENdix

Formulas to Estimate Watershed 
characteristics

Length to the centroid of area (Lca) 

The distance measured along the main channel from the 

basin outlet to the point on the main channel opposite the 

center of area (centroid). 

Shape Factor (Ll) 

Ll = (LLca)α 

where L is the length of the watershed, and Lca is the 

length to the center of watershed area (α = 0.3 for length 
measurements in miles).

circularity ratio (Fc) 

Fc = P/(4πA)0.5 

where P and A are the perimeter and area of the 

watershed, respectively. 

circularity ratio (rc) 

Rc = A/Ao 

where A0 is the area of a circle having a perimeter equal to 

the perimeter of the basin. 

Elongation ratio (re)

Re = 2/Lm(A/π)0.5 

where Lm is the maximum length of the basin parallel to the 

principal drainage. 

activity i

Ask each student to calculate these characteristics. The 

student needs to find the centroid of the watershed. The 

student, using a plumbline and a pin, finds the centroid 

utilizing the following guidelines.

•	 The leaf is held by the pin inserted at a point near its 

perimeter in such a way that it can freely rotate around 

the pin; the plumbline is dropped from the pin. 

•	 The position of the plumbline is traced on the leaf. 

•	 The experiment is repeated with the pin inserted at 

different points of the leaf’s perimeter.
•	 The intersection of the two lines is the centroid of the 

leaf. 

The student can use the tracings using graph paper, 

thread, ruler, and calculator to estimate length and area. 

The values are input into the formulas provided to calculate 

the watershed characteristics. After they have successfully 

done this, the student compares results with a neighbor 

who has a leaf with a different shape. Ask students 

questions about the differences they see in characteristics 

based on shape. 
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