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Abstract. Our objective is to devise a mechanism to charac-level (Bourget, 2006; Ngambeki et al., 2012; Merwade and
terize and assess upper division and graduate student thinlRuddell, 2012). Hydrology education at this level is primar-
ing in hydrology. We accomplish this through developmentily intended as preparation for either applied or research ca-
and testing of an assessment tool for a physical hydrologyeers, although not all students in these courses will become
class. The instrument was piloted in two sections of a phys-hydrologists. In an early step toward examining the field,
ical hydrology course. Students were asked to respond t@&roves and Moody (1992) performed an extensive survey
two questions that probed understanding and one questioaf topics covered in hydrology courses. The results were in-
that assessed their ability to apply their knowledge, bothtended as a resource to the community, rather than an indi-
prior to and after the course. Student and expert responsesation of what should be taught. More recently, Wagener et
to the questions were classified into broad categories to deal. (2007) called for the hydrology education community to
velop a rubric to score responses. Using the rubric, three re*analyse, synthesize, and unite hydrology education”. These
searchers independently blind-coded the full set of pre- anduthors surveyed university hydrology educators about cur-
post-artifacts, resulting in 89% inter-rater agreement on theent teaching methods and ways that curriculum and instruc-
pre-tests and 83% agreement on the post-tests. The majoritpr preparation could be improved. They found identifying
of responses made by students at the beginning of the classommon principles, core knowledge, and approaches” to be
were characterized as showing only recognition of hydrol-a major challenge within the hydrology community.
ogy concepts from a non-physical perspective; post surveys The work described here was undertaken as a first step
indicated that the majority had moved to a basic understandin the effort to articulate this common knowledge base and
ing of physical processes, with some students achieving exidentify effective instructional strategies to help students de-
pert understanding. Our study has limitations, including thevelop it. Specifically, our objectives were to (1) articulate,
small number of participants who were all from one institu- and engage the larger community in a debate about, the
tion and the fact that the rubric was still under development.overarching goals of physical hydrology, and (2) develop
Nevertheless, the high inter-rater agreement from a group o& method of characterizing and assessing advanced (upper
experts indicates that the process we undertook is potentiallgivision and graduate) students’ holistic understanding of
useful for assessment of learning and understanding physicadhysical hydrology. Beyond the immediate study, the long-
hydrology. term goal is to use this method to assess the effectiveness of
curriculum modifications.

Prior to assessing any way of teaching hydrology, it is
first necessary to provide a yardstick against which the out-
comes can be measured. In curriculum development, this

approach is often referred to as “backward design” (Wig-
Hydrology, as a field, has become increasingly interdisci- bp ! W lgn” (Wig

. : ins and McTighe, 2005), i.e., clearly articulating the goals
plinary and technologically complex, and as a consequencgnd how they will be assessed before designing the cur-

there have been calls for examining, evaluating and enhancﬁculum. A further goal is to “identify any misconceptions
ing hydrology education at the upper division and graduate '

1 Introduction and objectives
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830 J. A. Marshall et al.: Assessing student understanding of physical hydrology

preconceptions, and difficulties associated with the specifidgnvolving calculations or modeling processes with Excel

subject” prior to the curriculum development effort (Ben-Zvi spreadsheets, as well as synthesis questions requiring stu-

Assarf and Orion, 2005). Following these steps, we proposedlents to describe processes or trends identified in the quan-

a set of overarching goals for instruction in physical hydrol- titative exercises. In addition, students worked in groups to

ogy and prototyped an instrument to assess them. complete a project requiring analysis of actual hydrological
Our instrument employs open-ended responses and evatiata to answer a question. All students were given the op-

uation with a rubric. This is in contrast to assessments reportunity to consent to participate in the research and fifteen

quiring dichotomous (right/wrong) responses, e.g., the Geoof the undergraduates and ten of the graduate students con-

science Concept Inventory (Libarkin and Anderson, 2005).sented. The participants were roughly equally split between

We feel that such a standardized test is unlikely to be ofmale and female students.

use to the hydrology community at this time given that clear

goals for instruction have not yet been identified and, con-2.2 Learning outcomes for physical hydrology

sequently, student understanding has yet to be characterized.

Open-ended responses provide a much richer source of infoAS @ Starting point, we reviewed the learning goals for the
mation about student thinking. physical hydrology course (identical for the undergraduate

After describing the research setting, we discuss the learn@nd graduate sections) as presented in the syllabus. These

ing goals we have identified, as well as the warrants (justifi-V€'®
cations) for them. We then describe the development of our
assessment instrument and its accompanying rubric. Finally,
we report and discuss results from the pilot sample of stu-
dents, followed by the conclusions we draw from this work.  — experience with different methods in hydrology;

— guantitative process-based understanding of hydrologic
processes;

— learning, problem solving, communication skills.

2 Methodology The first two goals clearly define outcomes related directly
_ o to hydrology, whereas the third bullet consists of what have
2.1 Setting and participants been labeled “Twenty First Century Skills”; although they

are certainly critical outcomes in all STEM education, they

The res.ez.';\r.ch we report here took place in two sections, ONgre not unique to hydrology. We chose to focus on the hy-
upper division undergraduate and one graduate, of a phys'c%lrology goals in developing our assessment, although it ar-

hydrology course, taught by one of the authors (MBC), at &g,y also demands evidence of learning, problem solving

large research university. The course is taught in the Depart; 4 (given that it was an open-ended assessment requiring

ment of Geological Sciences. It is cross-listed as an UpPPegygents to represent their thoughts in words or illustrations)
division undergraduate and a graduate course. The requiresyymunication skills.

ments for the two courses (homework, exams, projects) Were These first two goals might be translated as “knowing what

essentia}lly the same; the graduate students were OccaSiOHydrology as a community has come to understand through
ally assigned an e>§tra .homeworll< problgm. For undergradujtS collective work” and “knowing how to apply that knowl-
ate students majoring in Geological Sciences, the prerequigqge 1o answer questions through hydrological research or

site is Calculus 1 and_ a lower divisi_on (introductory) hydro- ¢q)ye problems in hydrological practice”. As such they rep-
geology class; there is no prerequisite for the graduate StUzegent 4 logical parsing of the hydrological enterprise, with

dents. The course is required for (1) a BS in Geology with e istinction of the focus oprocessesThis focus on pro-

Hydrogeology Emphasis and (2) a BS in Geosystems Engitess is supported in previous scholarship on hydrology edu-
neering (a hybrid Petroleum Engineering and Hydrogeologycayion, For example, Nash et al. (1990) listed “to develop and
program). The course is an elective for the BS in ENViron-jmnrove awareness of the totality of interconnected (mainly

me_ntal Science. The grgduate students tal_<ing the course a%ysical)processemvolved in the hydrological cycle” first
typically from the geosciences or engineering, but occasion-

: >“T"among the goals of hydrology education (emphasis added).
ally students from other areas (geography, biology) take it on
a credit/no credit basis. Thus, the undergraduate students age3  Key questions and tasks for the assessment tool
required to have a stronger background in terms of course-
work, but the graduate students are expected to have mord/e then engaged in the process of “unpacking” these
experience. hydrology-specific goals and converting them into measur-
Both sections met three hours per week, and there wasble, i.e., performance related, objectives. In other words,
no laboratory or field component. Although many sourceswe considered the question: what should students who have
were used, the primary text was DingmaRisysical Hydrol-  achieved these goals be able to do? We argue that an under-
ogy, 2008 version. An outline of the course topics is given standing of hydrological processes requires that students be
in Table Al. Students completed homework sets, typicallyable to do two things: (1) describe the significant processes
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J. A. Marshall et al.: Assessing student understanding of physical hydrology 831

in the hydrological cycle in detail (in their own words) and our interpretation of the responses, and several modifications
(2) describe (again in detail and in their own words) the lawswere proposed to make the intended interpretation more ap-
governing these processes, i.e., governing the existence amgarent.

movement of water in natural systems. We translated these In a first round of “open coding”, two of the authors (JAM
two objectives into equivalent open-ended questions: and AJC) independently reviewed the artifacts and created

) . codes to describe responses. The codes were typically com-
Q1. Inyour understanding, what are the most important PrO-monly occurring terms (e.g., “water cycle”) or characteristic

cesses involved in hydrology? Describe them in as m“ChUescriptors such as “phase changes’ to describe responses

detail as you can. that dealt with evaporation or condensation.

The open codes were then compared and a common set
of descriptive codes were negotiated. The codes were then
grouped by themes to build a model of the phenomenon in
question, i.e., to characterize student understanding of phys-

Appropriate responses to these questions might demonical hydrology. The expert responses were used as an “up-
strate familiarity with the scope of collective knowledge of per anchor” (the level of understanding at which students are
the hydrology community, but still do not demonstrate the ideally intended to leave the course) for the progression of
ability to apply that understanding to answer questions orunderstanding. Pre-college student conceptions of the water
make quantitative predictions, as called for by Manduca efcycle, as reported in the literature, were used as the “lower
al. (2008). Dooge (1986) posits that hydrology involves de-anchor” (what students could be expected to bring to the
veloping both explanatory theories (i.e., the relationship be-course) (NRC, 2007).
tween the laws and processes represented in the response toThe resultant codes were then grouped into four cate-
Q1 and Q2) and predictive models. To assess students’ abilgories: no indication of understanding, some recognition of
ity to solve problems and make predictions (simultaneouslyconcepts, basic understanding, and full understanding. “Full
demonstrating experience with different methods in hydrol-understanding”, while not really requiring the expertise of
ogy) we crafted a third question: a working hydrologist, would be expected of an advanced

, graduate student. The “no understanding” category was re-
Q3. You have been hired as a consultant by ... to (1) 85S€Sggryeq for students who did not respond at all, responded

how urbanization and the current drought have affectedith | do not know” or the equivalent, or gave a com-

a local spring and (2) predict what the effects will be pately unrelated response. “Some recognition” categorized
in the future if the drought continues. What information responses that contained some elements of a correct re-
would you7need to gather? What measuremengs wouldyonse, but were incomplete in some significant way. “Ba-
you make? What analyses would you perform? Be asgic nderstanding” indicated signs of knowledge not likely
specific as you can; feel free to continue on the back ofy, haye heen obtained other than in a hydrology course.
the page. Responses that fell in this category were comprehensive, if

These three questions made up the instrument. Student arif€létal, for example, giving an exhaustive list of processes
expert responses from the pre-assessment were then evaltl-the hydrological cycle in response to the first question, but
ated qualitatively to develop a rubric, which was ultimately NOt describing how they related to the presence and move-

used to score the responses, as described in the next sectiofi€nt of water. _
A draft rubric was shared with the research team that had

2.4 Rubric development provided the expert codes (one of the authors (MBC) and
his graduate research assistants) who then used the rubric to
We used a rubric development process similar to the one usedode a sample of the artifacts from the first implementation
in Covitt et al. (2010). All students in both sections of the and make suggestions for revisions and clarifications. The re-
physical hydrology course during one semester completedulting rubric was then used by two of the authors (JAM and
the assessment described above as a pre-test on the first dayC) and five members of the research team independently
of class. In addition, one of the authors (MBC) and sevento code a subset of the artifacts. The team then met to nego-
of his graduate research assistants provided expert responsgate a consensus score on each item; further clarifications of
against which to judge the student work. Responses fronthe rubric and revision of the assessment were made.
the experts and those students who had given informed con- For example, some students appeared to have read the first
sent were then analyzed using a grounded process (Corbiguestion as asking them to give the “most important process”
and Strauss, 1990), meaning that the artifacts were reviewethther than “processes” and struggled to decide which ele-
without prior expectation as to what they should contain, thatment of the hydrological cycle was most important. Like-
is, they were not evaluated against any set of standards. Weise, at least one student seemed to interpret the phrase “in
interviewed a subset of students about their responses to theour understanding” (intended to make students understand
questions to check their interpretation of the questions andhat we were looking for their own formulation, rather than

Q2. What are the relevant physical laws that govern hydrol-
ogy and how do these laws determine hydrological pro-
cesses? Describe them in as much detail as you can.
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a set, memorized response) to mean “in your opinion” or “in 22
your own research area of interest” and reported the process 20
most relevant to her/his own research. This led to a revision 18}
of the first question: i

|a) Fall 2011 Pre Test ]

Q1. What are the important physical processes involved in 5’12’
hydrology? Describe how they affect hydrologic sys- 2
tems in as much detail as you can.

6
. 4 -
Finally, a subset of the team (three graduate researchers) | .
independently coded the full set of pre- and post-artifacts [ | BN
(blinded as to whether they were pre- or post-, graduate or 22 o) Fall 2011 Post Tost o e
undergraduate), resulting in 89 % inter-rater agreement on 29| E;:gome recoaniion of concepts |
the pre-tests and 83 % agreement on the post-tests. The full 8 BN 3 - ol understanding ]

rubric is given in Table B1, as are exemplar responses for
each category.

12}

10}

8 -
3 Sample pre-course results I
Here we present the responses of students from the pilotim- 2|
plementation to illustrate the use of the rubric and to char-

Processes Laws Methodology
acterize student thinking prior to and following a physical
hydrology course. When asked what were the “most impor-Fig. 1. Results of prefa) and post{b) tests.
tant processes involved in hydrology”, most students inter-
preted Q1 in terms of physical processes affecting the water
cycle, the primary organizing framework for hydrology, as “processes in hydrology” may have led some students to fo-
intended. cus on career aspects rather than the scientific basis for hy-
For the first category, students simply cited the water cycledrology, an issue that has been raised previously in the liter-
or mentioned the sun, precipitation and/or evaporation, withature (Nash et al., 1990).
no mention of surface/groundwater interactions, infiltration, Student scores on this question improved on the post-test
transpiration, etc., displaying a lack of recognition of ground- (Fig. 1b). On the 22 post-tests that were blind scored, eleven
water and biological interactions common in novice studentsstudents demonstrated some recognition of concepts, nine
(Shepardson et al., 2009; Siegel, 2008). students showed a basic understanding, and two students had
Mention of changes of state was common, which is toa full understanding of the processes linked to hydrology.
be expected given that this topic is emphasized at the preHalf the students had provided evidence of the desired under-
college level, e.g., in the draft Next Generation Science stanstanding (at the basic or full level); however, half still demon-
dards (Achieve, 2012) as well as many state standards. It wastrated only a rudimentary understanding. It should be noted,
also common for students to mention issues related to techhowever, that as the post-test was ungraded, some students
nology, such as drilling, or water management (Nash et al.may not have devoted their full efforts to it, so these results
1990). Some respondents interpreted the question to broadlgannot be viewed as a definitive indication of student under-
include the activities of hydrologists as opposed to naturalstanding.
processes involved in the hydrological science (leading to a Results on Q2 (laws governing hydrology) showed the
debate about possible revision of Q1). For example one stusame pattern (see Fig. 1): on the pre-test, two students scored
dent gave “to estimate the flow of subsurface water as accu*0” (no response), 21 students scored “1”, indicating rudi-
rately as possible” as an important process. mentary understanding, two students scored “2”, and no stu-
On the pre-test, one student scored O, indicating no redent scored “3”. On the post-test, again approximately half
sponse, on this question (Fig. 1a). Twenty students scorethe students achieved the desired understanding: nine stu-
“1”, indicating rudimentary understanding, four students dents showed some recognition of concepts, 12 students
scored “2”, indicating a basic understanding, and no stu-demonstrated a basic understanding, and one student exhib-
dent scored “3”. This indicates that, as might be expectedted full understanding of the laws linked to hydrology.
prior to instruction, most students were solidly positioned On Q3, no students scored “0” (i.e., all were able to submit
at the “lower anchor” of the learning trajectory for physical a relevant response), eight students scored “1”, 16 students
hydrology, that is, they entered the course with the underscored “2”, and one student scored “3". On the post-test,
standing typically achievable in pre-college education. Anone student showed some recognition of concepts, 16 stu-
engineering-oriented interpretation of what was meant bydents demonstrated a basic understanding, and five students

Frequency

oON O
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demonstrated a full understanding of the methods linked tdrable Al. Course schedule.
physical hydrology.

As can be seen in Fig. 1, students were significantly better Week  Topic Chapters
at responding to Q3 (the application) as opposed to Q1 and ; Introduction to hydrology, Climate 2.3
Q2, which were more abstract. Research has shown (contrarys Climate, Rainfall 3,4
to the beliefs of many instructors) that students are often bet- 3 Rainfall processes and measurement 4
ter able to bring resources to bear to solve contextualized 4 Snow and snowmelt 5
problems when they are unable to deal with more abstract 5 Unsaturated zone and infiltration processes 6
tasks (Nathan and Petrosino, 2003; Brown et al., 1989). 6 Unsaturated zone and infiltration processes 6

7 Evaporation and transpiration 7

8 Evaporation and transpiration 7
4 Discussion 9 Runoff processes and stream flow ' 9

10 Watershed and stream network properties 9

in the | q q h h b limited 11 Flood routing and stream flow analysis 9
n the last two decades, there have been a limited num- ,, Groundwater hydraulics

ber of studies of student understanding of hydrology and 3 Groundwater hydraulics 8
how it evolves over the course of schooling. These have
been concentrated primarily at the pre-college level (Dove

et al.,, 1999, Shepardson et al., 2005, 2009; Dickerson angne need for multiple forms of assessment for this very reason

Dawkms, 20,04’ [_)lckerson et a.I., 2005; Ben-Zvi Assarf apd (Valenzuela, 2002). On the other hand, the results do give an
Orion, 2005; Covitt et al., 2010; Schwartz et al., 2011), with . .~ : o . : _

; . indication of ways in which instruction might be redesigned
a smaller number looking at introductory college courses

(Dickerson et al., 2005: Smith et al., 2006; Sibley et al., 2007_to target particular difficulties, as recommended by Ben-Zvi

Rappaport, 2009: Fryar et al., 2010: Rathburn and Weinber Assarf and Orion (2005), and emphasize important themes in

g
2011) and a very limited number at the upper division under—a coherent manner.

graduate/graduate level (Dickerson et al., 2005).

Understanding of the hydrologic cycle (water cycle), es-5 Conclusions and further work
pecially its physical drivers, proved challenging for the par-
ticipants in this study, as has been reported in previous studi our small sample of students, the majority entered the up-
ies. Difficulties included incorporating ground water (Dick- per division/graduate physical course with only a rudimen-
erson and Dawkins, 2004; Dickerson et al., 2005; Shepardtary understanding of the processes involved and the laws
son et al., 2009), surface-ground water interactions (Siegelthat govern how those processes relate to the presence and
2008), perceptions of the hydrological system as static, i.e.movement of water through natural systems. Understanding
not relating processes and drivers to flow of water (Ben-Zviwas somewhat higher (more students in the “basic” under-
Assarf and Orion, 2005), and a non-systems approach, i.estanding category) in the “methods” dimension, but still not
failure to articulate how the laws and processes related t@pproaching the “full” level. After instruction, as it has been
each other (Kali et al., 2003). Students also frequently eithetraditionally implemented at our university, student under-
neglected, or exaggerated biological and human interactionstanding increased as assessed by the rubric we have devel-
with hydrological systems (Dove et al., 1999; Shepardson ebped, with the majority of students falling into the “basic” or
al. 2009; Covitt et al., 2010). For example, on the pre-test‘full” categories.
students rarely mentioned evapotranspiration, in which vege- It should be noted, of course, that this result has significant
tation plays a critical role, but cited “human processes — sucHimitations, including the small number of participants, who
as filtering, preparing water to be tap water, or industrial pro-were all from one institution, and the fact that the rubric was
cesses” as the most critical aspects of the hydrological cyclestill under development. Nevertheless, the fact that we were

It should be noted that student results on conceptual stanable to get substantial inter-rater agreement among a group
dardized assessments often do not parallel other assessmenfsexperts from the discipline of hydrology, who were not
of course outcomes, most notably grades (Hake, 1998). Evethemselves responsible for the development of the rubric, is
students whose academic success has made them eligibdégnificant.
for honors science coursework are not always able to re- It may be premature to propose a standardized assessment
spond successfully to conceptual assessments of subject mdor hydrology education, given the “lack of current consen-
ter (Thacker et al., 1994). On the one hand, this clearly indi-sus on what constitutes hydrology knowledge and levels of
cates a limitation of this type of assessment. Students are ndnowledge” (B. Ruddell, personal communication, 2012).
able to show the full range of what they know and are onlyWe do not propose this instrument, and its accompanying
able to perform in a limited time and on only one type of rubric, as a definite means of assessing student understand-
assessment (Hake, 2011). Education researchers, even thasg of physical hydrology. Rather, we present it as a means of
who argue the value of standardized assessments, recogniaelvancing the conversation about what the goals of courses

[ee]
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Table B1.Rubric and rubric exemplars.

Understanding

of physical
hydrology Some recognition of concepts Basic understanding Full understanding
Processes “Water cycle” or water cycle elements  Graphical illustration or exhaustive Precipitation, infiltration (rock/soil
including precipitation, evaporation, sun, list or linked list indicating full scope interactions) transport, ground water/surface
mention of human influence of processes: precipitation, water mixing, evapotranspiration, solar
infiltration (rock/soil interactions), heating [drawdown, contamination] with
transport, ground water/surface water some explanation of how processes affect the
mixing, solar heating, evapotranspiration, water in a natural system
[contamination/drawdown]
Laws Names of relevant laws: Relation of drivers (gravity, thermodynam- Clear indication that drivers (gravitational
(Mathematical Darcy’s law, gravity ics), and/or resistive elements to flow; ORgradient, thermal-solar energy, pressure
models) Indication of conservation/balance regulatgradient) and resistance determine flux,
ing flow; OR graphical organizer of laws related to laws governing flow: e.g., Darcy’s
(e.g., with arrows) indicating relationship; law + conservation of mass, thermodynamics
OR statement of equation with no
description of the meaning of the terms,
consequences of the relationship
Methodology Statement that drought and/or urbaniz&ome indication of relevant measurement®etailed indication of current and historical

tion might affect the spring. Indication of (discharge, precipitation, water quality) anddata needed: precipitation, runoff, discharge,

drought/ non-drought comparison.

comparison to long-term patterns or land use, flow patterns, water level/extent of

comparison of inputs to outputs watershed, permeability — physical
characteristics of watershed, soil moisture
content, water contaminants (use of tracer).
Plan to develop or apply mathematical model
based on inputs to make prediction.
Sensitivity analysis. (e.g., precipitation —
evapotranspiratioe= runoff)

Understanding

of physical

hydrology 1: Some recognition of concepts 2: Basic understanding 3: Full understanding

Processes The phase change, and motion of Precipitation, evapotranspiration, Precipitation: we need the water and it is

water, e.g., the condensation and incoming radiation, atmosphere brought to us through precipitation.

precipitation in the atmosphere, moisture redistribution, groundwater Recharge/infiltration: know how fast water

evapotranspiration from the earth surface, flow/redistribution, snowmelt; all of these will infiltrate into the surface and how it will

groundwater flow, etc. are used to properly budget water use forecharge the aquifer is important.

human consumption. Discharge: how quickly water is

moving/leaving a stream/river/aquifer.
Evapotranspiration: the amount of water that
is leaving the surface and adding moisture to
the atmosphere ultimately leads to the amount
of precipitation we see.
Everything is cyclical, so without one process
the others do not really function either.

Laws Darcy’s Law La’Place/Darcy’s Law> fluid flow Fluid dynamics (Conservation of matter &
Penman Monteith Ef.— combination of Newtonian mechanics) determines rates of
energy balance and resistivity analogy tdlow and directions of flow: electromagnetics
predict evapotranspiration (radiation transfer of energyy> transfer of
Conservation of mass & energy In — Out  heat to water and causes evaporation or
= A storage freezing: quantum mechanics (and physical

chemistry)— determines reactions ofg@® or
surrounding media

Methodology Current water levels in the springs Historical precipitation and discharge dataCollect the meteorological data, e.g.,

compared to previous years, measuringn the area would be helpful. Populationtemperature, humidity, wind, precipitation,
amount of foreign materials in the waterchanges in the area would also be and land data like soil and vegetation cover

that could be there due to runoff from
urbanization of the city.

important when understanding current properties and hydrological data like stream
conditions. Measurements like gauge flow and water table depth. To see the impact
height, amount of precipitation and waterof urbanization or drought, we need to

table height would give data on the area. Isolate each factor from other influences, so
would analyze historical data and compareve need to collect observational data

it to the present to notice any trends. If therébefore/after the urbanization or drought. Also
are common trends throughout history, thenve can use hydrology models to modify the
there should be a way to make decent factor to see the individual effect. Finally the

predictions. models could provide future projections if we

assume the drought will continue.

Hydrol. Earth Syst. Sci., 17, 829836 2013

www.hydrol-earth-syst-sci.net/17/829/2013/



J. A. Marshall et al.: Assessing student understanding of physical hydrology 835

in this subject (and hydrology education in general) shouldDickerson, D. and Dawkins, K.: Eighth grade students’ understand-
be. We intend for it to serve as a “strawman” proposal for the ings of groundwater, J. Geosci. Ed., 52, 178-181, 2004.

larger community to critique: if we have not identified criti- Dickerson, D., Callahan, T. J., Van Sickel, M., and Hay, G.: Stu-

cal goals in hydrology education, then what should be added, dents’ conceptions of scale regarding groundwater, J. Geosci.
revised or deleted? Are there questions or tasks that could be Ed., 53, 374-380, 2005. _

used in place of those we have chosen to demonstrate studeRP°9€: J- C-: Looking for hydrologic laws, Water Resour. Res., 22,

. 46-58, 1986.
" )
achievement of the goals® Dove, J., Everett, L., and Preece, P.: Exploring a hydrological con-

A well-designed pre- a_nd posj[-asse.ssment can be used cept through children’s drawings, Int. J. Sci. Educ., 21, 485-497,
to infer whether a given instructional intervention, e.g., @ 1ggg.
_change _toward a more stude_nt-centered and inductive learmgryar, A. E., Thompson, K. E., Hendricks, S. P., and White, D. S.:
ing environment (Ngambeki et al., 2012), has caused a Incorporating a watershed-based summary field exercise into an
change in understanding in a given group of students, but introductory hydrogeology course, J. Geosci. Ed., 58, 214-220,
the results are not necessarily generalizable. Further, with- 2010.
out broad consensus on the goals of hydrology educationGroves, J. R. and Moody, D. W.: A survey of hydrology course
the change might not be one that is meaningful to the larger content in North American universities, Water Resour. Bull., 28,
community, and, without common assessment mechanisms 615-621, 1992.
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