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The need to adapt quickly to online or remote instruction has been
a challenge for instructors during the COVID pandemic. A common
issue instructors face is finding high-quality curricular materials that can
enhance student learning by engaging them in solving complex, real-
world problems. The current study evaluates a set of 15 web-based
learning modules that promote the use of authentic, high-cognitive
demand tasks. The modules were developed collaboratively by a group
of instructors during a HydrolLearn hackathon-workshop program. The
modules cover various topics in hydrology and water resources, including
physical hydrology, hydraulics, climate change, groundwater flow and quality,
fluid mechanics, open channel flow, remote sensing, frequency analysis,
data science, and evapotranspiration. The study evaluates the impact of
the modules on students’ learning in terms of two primary aspects:
understanding of fundamental concepts and improving technical skills. The
study uses a practical instrument to measure students’ perceived changes
in concepts and technical skills known as the Student Assessment of
Learning Gains (SALG) survey. The survey was used at two-time points
in this study: before the students participated in the module (pre) and
at the conclusion of the module (post). The surveys were modified to
capture the concepts and skills aligned with the learning objectives of
each module. We calculated the learning gains by examining differences
in students’ self-reported understanding of concepts and skills from pre-
to post-implementation on the SALG using paired samples t-tests. The
majority of the findings were statistically at the 0.05 level and practically
significant. As measured by effect size, practical significance is a means for
identifying the strength of the conclusions about a group of differences
or the relationship between variables in a study. The average effect size in
educational research is d = 0.4. The effect sizes from this study [0.45, 1.54]
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suggest that the modules play an important role in supporting students’ gains
in conceptual understanding and technical skills. The evidence from this study
suggests that these learning modules can be a promising way to deliver
complex subjects to students in a timely and effective manner.

authentic tasks,

high-cognitive demand tasks,

online learning, conceptual

understanding, technical skills

Introduction

Hydrologists and water resource engineers deal with
intricate and complex problems that are situated in natural-
human ecosystems with several interconnected biological,
physical, and chemical processes occurring at various spatial
and temporal dimensions. In recent years, there has been a
movement to enhance hydrology education (CUAHSI, 2010).
Therefore, there is a growing need to better equip the next
generation of hydrologists and water resource engineers to
handle such complicated problems (Bourget, 2006; Howe,
2008; Wagener et al,, 2010; Ledley et al.,, 2015). Some of the
key desired enhancements in hydrology and water resource
engineering education require exposure to data and modeling
tools, adoption of effective pedagogical practices such as
active learning, and use of case studies to deliver real-world
learning experiences (Habib and Deshotel, 2018). In their
review of hydrology education challenges, Ruddell and Wagener
(2015) stressed the need for structured methods for hydrology
education, such as community-developed resources and data-
and modeling-based curriculum. The increasing availability
of digital learning modules that incorporate such attributes
provide opportunities for addressing the desired enhancements.
Recent examples of such growing resources in the field of
hydrology and water resources include: Environmental Data-
Driven Inquiry and Exploration (EDDIE; Bader et al.,, 2016);
online modules from the HydroViz platform (Habib et al,
2019a,b); HydroShare educational resources (Ward et al., 2021);
web-based simulation tools (Rajib et al., 2016); HydroFrame
tools for groundwater education (HydroFrame-Education, n.d.);
geoinformatics modules for teaching hydrology (Merwade and
Ruddell, 2012); and the HydroLearn hydrology and water
resources online modules (Habib et al., 2022).

The potential value of digital resources has been further
highlighted during the COVID-19 pandemic when instructors
were forced to switch to remote teaching and find resources to
facilitate their teaching and support students’ learning (Loheide,
2020). However, the rapid acceleration of instructional resources
available via the internet makes it difficult for instructors to
assess the quality, reliability, and effectiveness of such resources.
Instructors’ decisions to adopt certain digital resources are
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based on the digital resource’s potential to enhance student
learning and alignment to the instructor’s learning objectives
(Nash et al., 2012). Evidence of improved student learning is
often cited as important factors that affect instructors’ adoption
of education innovations (Borrego et al., 2010; Bourrie et al,
2014). Therefore, there is a need to continuously evaluate
the emerging educational resources and assess their potential
impact on students’ learning (Merwade and Ruddell, 2012;
Ruddell and Wagener, 2015). The impact of a given instructional
resource on students’ learning can be assessed in terms of
two key components: (a) impact on conceptual understanding
of fundamental topics in hydrology and water resources, and
(b) impact on technical skills that students need to identify
and solve problems (Herman and Klein, 1996; Woods et al,
2000; Kulonda, 2001; Entwistle and Peterson, 2004; Sheppard
et al,, 2006; Yadav et al,, 2014). Moreover, it is important for
instructors to weigh not only the impact on students, but
also the cost of the instructional resources before adopting the
materials (Kraft, 2020). Costs of resources may be direct, such
as subscription fees, or indirect, such as the instructor’s time.
Resources with high cost, even if they have an impact on student
learning, may not be feasible for an instructor to adopt.

One way to support students’ learning is through authentic,
high-cognitive demand tasks. High-cognitive demand tasks are
defined by Tekkumru-Kisa et al. (2015) as those which require
students to “make sense of the content and recognize how
a scientific body of knowledge is developed” (p.663). High-
cognitive demand tasks, which have been widely researched
in mathematics and science education, are open-ended or
unstructured and challenge students to use the knowledge
they have gained to engage in the problem-solving process
(Stein et al., 1996; Boston and Smith, 2011; Tekkumru-Kisa
et al,, 2020). Low-cognitive demand tasks are those that need
little to no deep comprehension; examples include tasks that
involve scripts (e.g., a list of instructions or procedures) or
memorization (e.g., definitions, formulae) since the task has
just one correct answer or is otherwise plainly and directly
stated. The level of cognitive demand of a task can also be
identified with the aid of Bloom’s Taxonomy (Anderson and
Krathwohl, 2001). For instance, low-cognitive demand tasks
can be characterized by the lower three levels of the taxonomy
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(i.e., remember, understand, and apply). Alternatively, tasks of
high-cognitive demand are evocative of the higher levels of the
taxonomy (i.e., analyze, evaluate, and create).

Authentic tasks are a subset of high-cognitive demand
tasks. In contrast to problem sets, which often have one clean,
neat answer, authentic tasks are ill-defined problems with
real-world relevance which have multiple possible solutions
(Herrington et al, 2003). Authentic can pertain to the types
of problems students are asked to solve and the tools required
to address those problems. Authentic tasks should involve
the integrated applications of concepts and skills to emulate
the tasks that professionals would perform (Brown et al,
2005; Prince and Felder, 2007). For example, if modelers use
Hydrologic Engineering Center’s (HEC) Statistical Software
Package (SSP) to perform frequency analyses, then the authentic
task should incorporate the use of that program. Within
engineering education research, authentic tasks are sometimes
referred to as case-based instruction. In case-based instruction,
the topic of the lesson or module is embedded in a case study
to allow students to draw real-world connections and apply the
information in realistic problem scenarios (Prince and Felder,
2007). This approach has the potential to enhance students’
understanding of principles and practices (Kardos and Smith,
1979; Kulonda, 2001) and increase their awareness of critical
issues in the field (Mayo, 2002, 2004). Students who learn from
cases have a higher conceptual understanding, can transfer their
knowledge, and can solve real-world problems (Dori et al., 2003;
Miri et al., 2007; Hugerat and Kortam, 2014). Furthermore,
students benefit from the use of authentic tasks because it allows
them to learn lessons while addressing problems, understand
when to apply such lessons, and how to adapt the lessons
for novel situations (Kolodner, 2006). Furthermore, the use
of authentic problems may increase the problem’s relevance
for students and their enthusiasm for finding a solution, as
well as provide them with the opportunity to work on open-
ended questions (Fuchs, 1970; Bransford et al., 2004). Open-
ended assessments, where students are asked to participate
in higher-cognitive demand tasks (e.g., analyze, evaluate, and
create), can demonstrate the students’ level of understanding
of the concepts. Authentic tasks also allow the instructor to
provide opportunities for students to practice their skills and
communicate about them in a professional context (Hendricks
and Pappas, 1996; Pimmel et al., 2002).

These studies suggest that the use of authentic tasks in
engineering education has great potential. However, there is
limited research on how the inclusion of such strategies may
support the development of conceptual understanding and
technical skills in hydrology and water resources education
specifically. The current study will evaluate a set of web-
based learning modules developed as part of the HydroLearn
platform (Gallagher et al, 2022; Habib et al, 2022). The
modules cover a wide range of concepts and technical skills
and incorporate authentic, high-cognitive demand tasks with
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the goal of developing students’ conceptual understanding and
technical skills. The research question addressed in this study
is: Are there differences in students’ self-reported learning
gains in conceptual understanding and technical skills after
participating in each of the online learning modules designed
around authentic, high cognitive demand tasks?

Materials and methods

The HydroLearn platform

The HydroLearn platform® hosts nearly 50 authentic, online
learning modules. The platform was specifically designed with a
vision to influence adoption: compatibility, relative advantage,
observability, trialability, and complexity (Rogers, 2003). The
HydroLearn platform was developed using a deployment of
the well-established open source edX platform, OpenEdx, (The
Center for Reimagining Learning Inc, 2022) with hydrology
education-driven enhancements, such as scaffolding wizards
and templates to support the development of learning objectives,
learning activities, and assessments (Gallagher et al., 2021; Lane
et al,, 2021). A unique feature of HydroLearn is that it allows
instructors to adapt modules that were developed by other
contributors and customize them for their own purposes, while
following proper attribution and license requirements. This is
intended to facilitate a wider use and dissemination of the
learning resources beyond their own immediate developers,
and thus promotes the concept of building a collaborative
community of instructors around the concepts of open-source
and open-access authentic learning content.

HydroLearn modules

HydroLearn modules were created purposefully to: (a)
represent key topics covered in undergraduate hydrology and
water resources courses, (b) be used as is or customized
according to the needs of the adopter, (c) integrate web-
based, open-source tools, (d) be crafted in alignment with
research on curriculum design, and (e) offer support for faculty
adopters. Additionally, they are easy to implement as many
instructors simply assign the chosen module to be completed
outside of class. Although all modules are freely available on
the platform, there are indirect costs to instructors such as
needing time to review the modules before deciding to use them.
Most HydroLearn modules were developed and peer-reviewed
during a hackathon-style immersive workshop (see Gallagher
et al., 2022 for details on this process). They were designed to
incorporate at least one authentic, high-cognitive demand task

1 www.hydrolearn.org
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that requires students to apply the conceptual understanding
and technical skills gained throughout the module to devise
a solution to the task. The modules have learning objectives,
instructional content, and assessment tasks aligned with those
objectives.

For the purposes of this study, we examined 15 of the
HydroLearn modules, which were predominantly developed
collaboratively during the COVID-19 pandemic by groups
of instructors (2-3 instructors per module) who then used
them for teaching at their respective institutions in primarily
undergraduate classes. Five modules were not developed
during the pandemic, of which one was developed by an
individual. We chose these because they were used during
the pandemic and had been used with enough students for
us to draw inferences. These modules, which were written
for upper-level undergraduate and early graduate students
enrolled in water resources courses, cover a broad range
of topics, such as physical hydrology, hydraulics, climate
change, groundwater flow and quality, fluid mechanics,
open channel flow, remote sensing, frequency analysis, data
science, and evapotranspiration. Most of these modules can
be completed individually and non-sequentially and were
assigned by instructors to be completed outside of class
time. Some modules could be completed in a weeks time,
while others were assigned to be completed throughout
an entire semester. Details about the topics, concepts and
technical skills covered by the 15 modules are available in the
Supplementary material. Supplementary Table 1 provides a
short description of each module and its authentic task(s).
Supplementary Table 2 lists the concepts and technical
skills for the modules, all of which were identified by the
module developers.

The modules examined in this study include a common set
of characteristics: frequent self-assessment questions, learning
activities structured around an authentic task, and open-
source materials. All the modules contain frequent Check
Your Understanding questions that allow students to assess
their level of understanding of the learning material. These
questions are intentionally placed to re-engage the student
and provide immediate feedback (Woods et al, 2000).
Another common component that the modules share is the
inclusion of a set of Learning Activities, structured around
an authentic task, which emulate the work a professional
scientist or engineer would be doing in their career (Herrington
et al, 2003). Although all the modules use open-source
materials, the materials they use vary. For instance, open
data and modeling platforms (Lane et al, 2021), remote
sensing data and tools (Maggioni et al., 2020) professional
engineering software (Polebitski and Smith, 2020), and real-
world case studies that increase relevance and engagement
for students (Arias and Gonwa, 2020; McMillan and Mossa,
2020).
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Student participants and setting

A total of 299 participants, both graduate (n = 56) and
undergraduate students (n = 243), used the 15 HydroLearn
modules between the spring 2020 and fall 2021 semesters,
consented to participate in our study, and had complete data.
The participants in this study are the students whose instructors
chose to use these 15 modules in their courses. Out of the total
number of students, 57% (n = 171) identified as male, 38%
(n = 113) identified as female, 1% (n = 4) identified as non-
binary, 1% (n = 2) preferred not to answer, and 3% (n = 8)
selected other; 77% (n = 228) identified as white, 3% (n = 9)
identified as Black or African American, 2% (n = 6) identified
as American Indian or Alaska Native, 16% (n = 48) identified
as Asian, 1% (n = 3) identified as Native Hawaiian or Pacific
Islander, 4% (n = 13) preferred not to answer, and 3% (n = 10)
selected other. These students were at 15 different universities
across the USA. Table 1 provides demographic details of the
study participants organized by module.

Supplementary Table 3 provides details about the
universities that participated in the study. We used the
most recent student population reports in conjunction with the
rankings from the National Association for College Admission
Counseling (CollegeData n.d.) to assign the university to a
size range. We considered a university small if the student
population is less than 5,000, medium for populations between
5,000 and 15,000, and large for populations greater than 15,000
students.

Data collection

Each student completed the Student Assessment of Learning
Gains (SALG; Seymour et al.,, 2000) survey before they used
the module (pre) and shortly after they finished the module’s
final assignment (post). The SALG is a tool that can be used
to measure the knowledge and understanding of key concepts
and processes that students believe they have achieved as a
result of participating in a particular module (Seymour et al.,
2000). It can be customized to fit any pedagogical approach
or discipline. The SALG instrument has been used to assess
students’ gains in numerous studies, including some in the
field of hydrology education (e.g., Endreny, 2007; Aghakouchak
and Habib, 2010). Separate versions of the SALG were created
for each module, and each version includes a list of concepts
and skills aligned with the module’s learning objectives (see
Supplementary Table 2).

The SALG is divided into two scales in which students
self-report their understanding of concepts and competency in
employing technical skills that are the subject of the module.
The concepts statement begins with, “Presently, I understand
the following concepts that will be explored in this module. . .”
followed by items that represent the key concepts from the
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Assessing groundwater 9 8 1 3 4 2 0 6 3 0 0 0 0 7 1 0 1 0 0 0
chemistry and suitability
Culvert design using 24 24 0 6 7 8 3 16 8 0 0 0 1 19 1 0 1 0 1 0
HEC-RAS
Data science in earth and 11 4 7 6 4 0 1 6 5 0 0 0 1 8 1 1 0 0 0 0
environmental sciences
Developing storm inflow and 24 24 0 6 7 8 3 16 8 0 0 0 1 19 1 0 1 0 1 0
outflow hydrographs
Development of design 30 30 0 6 11 10 3 20 10 0 0 0 1 25 1 0 1 0 1 0
storms
Evapotranspiration 16 16 0 2 7 7 0 12 3 1 0 0 2 10 0 1 1 1 2 0
Fluid mechanics: Bernoulli’s 17 14 3 11 5 1 0 12 5 0 0 0 4 14 0 0 10 0 1 2
equation
Frequency analysis in 25 18 7 12 12 1 0 13 12 0 0 0 3 23 0 0 4 1 0 0
hydrology
Groundwater flow 11 6 5 7 3 1 0 6 2 1 2 0 2 7 0 0 1 0 3 0
Hydrologic droughts and 33 26 7 8 15 6 4 11 17 0 0 5 9 24 2 2 6 1 1 2
drying rivers
Introduction to floodplain 40 40 0 17 10 10 3 29 11 0 0 0 2 35 2 0 1 0 2 0
analysis
Physical hydrology 8 0 8 6 1 1 0 6 2 0 0 0 0 7 0 0 1 0 0 0
Quantifying runoff 31 31 0 6 11 11 3 21 10 0 0 0 1 26 1 0 1 0 1 0
generation
Remote sensing applications 50 33 17 30 13 2 4 20 24 2 1 3 8 25 0 1 17 0 3 5
in hydrology
Snow and climate 48 47 1 28 14 6 0 29 19 0 0 0 3 42 2 1 5 0 0 1
Total numbers 298 249 53 136 99 48 15 171 113 4 2 8 35 228 9 6 48 3 13 10
Percentages 1.00 0.84 0.18 0.46 0.33 0.16 0.05 0.57 0.38 0.01 0.01 0.03 0.12 0.77 0.03 0.02 0.16 0.01 0.04 0.03
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module. Students indicate to what degree they understand each
item using a 6-point Likert scale rated from 1 - Not applicable
to 6 — A great deal. For example, one of the concept items for the
“Hydrologic Droughts and Drying Rivers” module is “Presently,
I understand the following concepts that will be explored in this
module. . .drought indices.” The concepts section in the SALG is
followed by the skills section, which states, “Presently, I can...”
followed by items that represent the technical skills students are
exposed to through the use of the module. Students rate the skills
items on the same Likert scale. “Presently, I can...Calculate
drought indices using USGS streamflow data” is an example of
a skill item from the “Hydrologic Droughts and Drying Rivers”
module. A student’s responses to all items within each scale (i.e.,
one for conceptual understanding and one for technical skills)
were averaged to determine their pre- and post-module scores.

A survey’s reliability is an important sign of the instrument’s
capacity to produce reliable and consistent results [i.e., how
closely related the set of items (e.g., concepts or skills) are for all
students for one module]. The internal consistency of a survey
can be measured using Cronbach’s alpha (Cronbach, 1984). For
each scale, we determined the Cronbach’s alpha (i.e., concepts
and skills for each module). If the scores are reliable, they will
relate at a positive, reasonably high level, with Cronbach’s alpha
>0.6 considered acceptable (Cresswell and Guetterman, 2019).
The concept and skills scales’ reliabilities across all modules
ranged from 0.74 to 0.95.

We opted to merge data acquired from the identical
modules used at different universities in the study. Data were
only combined if they came from the same module (ie.,
no updates or alterations at all). We made this decision for
several reasons, the first of which is that the sample size is
frequently insufficient for analysis, particularly in graduate-level
courses. Second, by evaluating all the data for students who had
completed a specific module, we were able to determine whether
students felt they had attained the concepts and skills taught
in that module, regardless of their university. Furthermore,
because most instructors assigned the modules to be completed
outside of class time, the university that used the modules was
relatively irrelevant.

Data analysis

To answer our research question and investigate if the
modules lead to a change in concepts or skills, we examined
the difference in means from pre to post using paired samples
t-tests. The paired samples ¢-test is commonly used to examine
the difference between paired means (Zimmerman, 1997). We
first tested the data to ensure it met the assumption of normality
by examining the skewness and kurtosis of each scale. If a
scale was found to be non-normally distributed, we used the
Wilcoxon signed-rank test (Wilcoxon, 1945) instead of a paired
samples t-test to determine whether there were statistically
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significant differences from pre to post (Siegel, 1956). For
normally distributed scales, we moved forward with the paired
samples ¢-tests.

One disadvantage of running so many tests (n = 30, 2 for
each of the 15 modules) is that it raises the likelihood of wrongly
rejecting the null hypothesis (i.e., a Type I error). To correct
for the increased probability of Type I error, we employed
the Benjamini-Hochberg procedure (Benjamini and Hochburg,
1995). The Benjamini-Hochberg procedure is a straightforward,
sequential approach for reducing the rate of false discovery
and is dependent upon the proportion of false discoveries.
A discovery is the number of non-zero confidence intervals in a
data set. A discovery can demonstrate that the difference noticed
in the samples is not only attributable to chance (Sorize, 1989).
In this study, the number of discoveries was equal to the number
of tests; therefore, the false discovery rate was reduced to a,
which for this study was set at a = 0.05. After the Benjamini-
Hochberg correction factor was determined, each p-value had
an associated Benjamini-Hochberg critical value. A variable was
considered significant if the Benjamini-Hochberg correction
factor was less than a.

After determining which tests were statistically significant
using the Benjamini-Hochberg correction, we assessed the effect
sizes to see if the changes between pre and post made practical
sense (i.e., does this difference matter?). According to Warner
(2012), pp. 35), “effect size is defined as an index of ... the
magnitude of the difference between means, usually given in
unit-free terms; effect size is independent of sample size.”
According to Cresswell and Guetterman (2019), the effect size
is a way of determining the strength of a study’s conclusions
about group differences or the link between variables. This study
measured effect size using two methods: Cohen’s d (Cohen,
1988) for normally distributed scales and requivalent (Rosenthal
and Rubin, 2003) for non-normally distributed scales. Cohen’s
d describes the difference between the means in terms of
standard deviations for normal distributions. In educational
research, a value of 0.4 or higher is considered impactful (Hattie,
2009). For each effect size, we describe Cohen’s d in terms of
size categories, which are small (0.2 - 0.49), medium (0.50 -
0.79), and large (>0.8) (Cohen, 1988). Alternatively, requivalent
is designed specifically for non-parametric procedures (among
other situations) as an indicator of effect size. The size bins for
r used in this study are described as r = 0.10 (small effect; effect
explains 1% of the total variance), r = 0.30 (medium effect; effect
explains 9% of the total variance) and r = 0.50 (large effect; effect
accounts for 25% of the total variance) (Field, 2018).

Results and discussion

Table 2 presents the reliability, pre- and post-mean scores
and standard deviations, significance, and the effect size
(Cohen’s d or requivalent) Organized by module. We found that all
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TABLE 2 Reliability, pre- and post-mean scores and standard deviations, significance, and the effect size (Cohen'’s d or requivalent) Organized by
module.

Module Reliability N Pre Post Sig. Effect size
Cronbach’s o M (sd) M (sd)
Culvert design using HEC-RAS
Concepts 0.89 24 431(0.77) 471 (0.70) 0.048* 0.74
Skills 0.88 24 3.74(0.77) 4.4 (0.86) 0.040* 0.97

Data science in earth and environmental sciences

Concepts 0.89 11 3.17(0.93) 4.44 (0.54) 0.022* 0.89
Skills 0.86 11 2.86 (0.91) 4.36 (0.60) 0.023* 0.8

Developing storm inflow and outflow hydrographs

Concepts 0.83 24 4.05 (0.56) 4.56 (0.69) 0.033* 0.63
Skills 0.88 24 3.36 (0.84) 4.48 (0.92) 0.027* 1.05

Development of design storms

Concepts 0.95 30 4.25(0.57) 4.74(0.73) 0.037* 0.45

Skills 0.91 30 3.70 (0.88) 4.46 (1.02) 0.030* 0.71
Evapotranspiration

Concepts 0.74 16 3.44 (1.00) 4.37 (0.58) 0.047* 1.3

Skills 0.78 16 3.20 (0.97) 4.34 (0.54) 0.045* 0.68

Fluid mechanics: Bernoulli’s equation

Concepts 0.82 17 2.63 (0.62) 4.69 (0.55) 0.008* 0.9
Skills 0.83 17 2.56 (0.82) 4.92(0.53) 0.010* 1.03

Frequency analysis in hydrology

Concepts 0.93 25 3.96 (0.74) 4.86 (0.59) 0.025* 0.73
Skills 0.92 25 3.10 (0.86) 4.81 (0.66) 0.005* 0.97

Groundwater flow

Concepts 0.9 11 4.03 (0.94) 5.12 (0.42) 0.043* 0.94
Skills 0.93 11 3.69 (1.09) 5.17 (0.43) 0.035% 1.03

Hydrologic droughts and drying rivers

Concepts 0.84 33 3.05(0.73) 5.09 (0.62) 0.002* 0.89
Skills 0.82 33 2.69 (0.90) 5.21 (0.54) 0.013* 0.87

Introduction to floodplain analysis

Concepts 0.92 40 3.69 (0.80) 5.00 (0.74) 0.020* 0.76

Skills 0.93 40 3.44 (0.96) 4.97 (0.79) 0.015% 0.78
Physical hydrology

Concepts 0.89 8 3.99 (0.43) 4.96 (0.75) 0.050 0.85

Skills 0.94 8 3.64 (0.53) 4.66 (0.71) 0.042% 0.64

Quantifying runoff generation

Concepts 0.96 31 4.27 (0.67) 4.81(0.74) 0.028* 0.62
Skills 0.93 31 3.88(0.62) 4.66 (0.91) 0.018* 0.72

Remote sensing applications in hydrology

Concepts 0.84 50 3.90 (0.82) 5.03 (0.81) 0.017* 0.69
Skills 0.82 50 3.44(0.98) 4.80 (0.99) 0.012* 1.54

Snow and climate

Concepts 0.89 48 2.98(0.76) 4.78 (0.69) 0.003* 0.86
Skills 0.79 48 3.75 (0.66) 4.80 (0.63) 0.007* 0.8

What's in your water? Assessing groundwater chemistry and suitability

Concepts 0.86 9 2.83(0.43) 4.33(0.93) 0.038* 0.95
Skills 0.88 9 2.63 (0.62) 4.44 (0.94) 0.032* 0.77

*Indicates statistical significance after the Benjamini-Hochberg correction was applied.
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but one of the scales had statistically significant and practically
significant differences from pre to post. Only one scale (Physical
Hydrology, conceptual understanding) did not have statistically
significant differences from pre to post; however, it was
approaching significance, p = 0.050, and the sample size was
small (n = 8). Given the effect size of 0.85, the small sample size,
and the p-value approaching significance, this suggests there was
not enough power to detect statistical significance for this scale.
A power analysis suggests that 16 students would be needed
to find a statistically significant difference (Warner, 2012). To
clarify, we do not have reason to think that this module is
any less effective than the others. These results suggest that the
students who participated in these modules felt that they had a
greater understanding of the concepts and a greater ability to
apply the skills after completing each module, as compared to
before.

One of the most important findings of our study is the
magnitude of the effect sizes. We found that only one scale had
a small effect size (Development of Design Storms, conceptual
understanding). The remaining scales were fairly evenly divided
between medium and large effect sizes. Moreover, the fact that
the effect sizes of all the t-tests we conducted were greater
than the Cohen’s d = 0.4 benchmark and requivalent benchmark
r = 0.50 typically considered impactful in education research
(Hattie, 2009; Field, 2018) suggests that these modules may have
a substantial practical effect on students’ learning of concepts
and skills.

Our results suggest that the students who participated in this
study felt that they had greater conceptual understanding and
technical skills after completing every one of the HydroLearn
modules with the exception of Physical Hydrology conceptual
understanding, as compared to before. Furthermore, the
outcomes of this study align with previous research wherein
students also used short modules designed to enhance their
proficiency in applying technical skills to complete a task derived
from the modules’ learning objectives (Pimmel, 2003). Our
results also support the idea that learning may be greater
when conceptual understanding is directly linked to a real-
world problem, and students are required to use professional
tools and technical skills to propose a solution to the problem,
as suggested by Brown et al. (2005) and Prince and Felder
(2007). Similar to past research (Hiebert and Wearne, 1993;
Stein and Lane, 1996; Boaler and Staples, 2008), our study also
found that student learning was greater in courses that include
high-cognitive demand tasks that stimulate high-level reasoning
and problem-solving. Additionally, Kraft (2020) suggested that
researchers should look not just at effect size, but at effect
size compared to the cost of an educational intervention.
Implementing HydroLearn modules in a water resources or
hydrology course costs the instructor some time to prepare,
but there are no direct costs to using these modules, as they
are all freely available on our website. The findings from
this study suggest that HydroLearn modules provide a very
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cost-effective way to improve water resources and hydrology
students’ understanding of key concepts and skills.

Concluding remarks

This study sought to answer the research question: Are
there differences in students’ self-reported learning gains in
conceptual understanding and technical skills after participating
in each online learning module designed around authentic,
high cognitive demand tasks? The results of this study suggest
that students who completed these modules reported that
they had a greater conceptual understanding of key topics
and developed proficiency in technical skills required to solve
authentic problems. Most notably, the effect sizes of this study
[0.45, 1.54] surpass the average effect size found in education
research (0.40). These results suggest that the modules may
relate to the growth of students’ conceptual understanding and
technical skills.

Instructors in the disciplines of hydrology and water
resources are entrusted with preparing their students to
become effective engineers in a relatively short time. We
recommend that instructors consider augmenting traditional
lectures with modules that use authentic high-cognitive
demand tasks to develop students’ conceptual knowledge
and specialized technical skills, such as those hosted on the
HydroLearn platform. Exposing students to authentic, high
cognitive demand tasks can help them connect mathematical
theories or classroom lectures to complex, real-world problems,
applications, or procedures and gain a deeper understanding of
fundamental topics in the field and develop the expertise needed
to solve complex engineering problems.

While this study cannot directly attribute the observed gains
in conceptual understanding and technical abilities to the usage
of the specific module that the students completed, the positive
trends that emerged from this study provide some important
insights into how students’ self-reported conceptual knowledge
and technical skills grow following the use of an online learning
module based on an authentic, high cognitive demand tasks.
Moreover, this study cannot claim impact or effect based on the
data collected because we did not use randomized control trials.
Without randomized control trials, this study cannot make any
causal claims as it is possible that participation in the courses,
rather than the use of the HydroLearn modules, improved
students’ conceptual understanding and technical skills. Also,
we cannot rule out the possibility that external factors influenced
the students’ self-reported results. It is possible that the students
would have picked up on these concepts and skills anyway,
and they simply happened to develop them between the
pre and post-surveys. Finally, the exclusive use of self-report
data can raise some concerns; however, this type of data
is still widely used because it can be a convenient measure
with some validity (Felder, 1995; Besterfield-Sacre et al., 2000;
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Terenzini et al,, 2001). Future research should compare a
control group of students who did not participate in the modules
to a group who did. Further investigation could also include
performing different analyses, such as multilevel modeling,
examining the impact of the modules on learning by controlling
for other factors (e.g., grade point average, demographics, or
motivation for learning) to try to parse out the effects of using
the module on students’ learning.
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