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Abstract. Education in hydrology is changing rapidly due implementation of novel learning and teaching technologies
to diversification of students, emergent major scientific andin hydrology education.

practical challenges that our discipline must engage with
shifting pedagogic ideas and higher education environments,

the need for students to develop new discipline specific and

transferrable skills, and the advent of innovative technolo-1 Introduction

gies for learning and teaching. This paper focuses on new

technologies in the context of learning and teaching in PhysEducation in hydrology is changing rapidly as a result of
ical Geography and reflects on the implications of our experi-& number of factors. These include, but are not limited to,
ences for education in hydrology. We evaluate the experienc@ diversifying student population, new and emerging ma-
of designing and trialling novel mobile technology-based jor scientific and practical challenges that our discipline
field exercises and a virtual field tour for a Year 1 under- Must engage with (e.g. climate change, prediction in un-
graduate Physical Geography module at a UK university. Thedauged basins, water security, hydrohazards), shifting peda-
new exercises are based on using and obtaining spatial datg©gic ideas and higher education environments, the need for
operation of meteorological equipment (explained using arstudents to develop new discipline specific and transferrable
interactive DVD), and include introductions to global posi- skill sets, and the advent of innovative technologies for learn-
tioning systems (GPS) and geographical information systemd'd and teaching (Nash et al., 1990; Wagener et al., 2007).
(GIS). The technology and exercises were well received in al Nis paper focuses on new technologies in the context of
pilot study and subsequent rolling-out to the full student co-léarning and teaching across the discipline of Physical Ge-
hort (~150 students). A statistically significant improvement ©9raphy and reflects on the implications of our experiences
in marks was observed following the redesign. Although thefor the future of education in hydrology.

students enjoyed using mobile technology, the increased in- Mobile technology can be defined as portable (handheld)
teractivity and opportunity for peer learning were consideredcomputers, typically with global positioning system (GPS)
to be the primary benefits by students. This is reinforced fur-capability (e.g. personal data assistants (PDAs), smart-
ther by student preference for the new interactive virtual fieldPhones). The possible benefits for learning from the use of
tour over the previous “show-and-tell” field exercise. Despite Mobile technologies are thought to be especially pertinent
the new exercises having many advantages, exercise develof’ field-based subjects such as hydrology in that they permit
ment was not trivial due to the high start-up costs, the needreater locational flexibility in terms of where learning takes
for provision of sufficient technical support and the relative Place (Siau and Nah, 2006; Walton etal., 2005). In particular,
difficulty of making year-to-year changes (to the virtual field the possibility for situated and context-aware learning, such

tour in particular). Our experiences are highly relevant to the@S through the use of GPS, has the potential to provide a key
learning tool. This is because of the importance of field-based
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learning for facilitating “active learning” (i.e. learning by do- mobile technology offers the potential to develop these mod-
ing), and as such the potential to integrate theories, conceptsrn mapping skills and then apply them to real world applica-
and skills in a practical environment (Kent et al., 1997; Fuller tions in the urban climatology project. This approach devel-
et al., 2000; Boyle et al., 2003). ops student understanding of pertinent theoretical geograph-
Despite the many educational benefits of field-based learnical concepts, rather than simply being a case of introducing
ing, fieldwork in itself is not intrinsically linked to effective technology for technology’s sake.
learning (Lonergan and Andreson, 1988). Furthermore, the The climatology project required collection of in-situ field
relatively high expense of providing field experience is re- data for mapping and assessment of the thermal characteris-
sulting in increasing demands for accountability with respecttics of an area of southwest Birmingham and an analysis of
to the effectiveness of fieldwork (McMorrow, 2005). Aided diurnal weather variation. This was preceded by a tour of the
by advances in technology, the concept of virtual field trips University weather station, which comprised an explanation
(VFTs) has become increasingly prevalent over recent yearsf the operation and role of the various weather-recording
as a means to enhance the effectiveness of time spent outsidestruments included on a standard UK Meteorological Of-
of the classroom (e.g. McMorrow, 2005; Hirsch and Lloyd, fice Surface Climate Station. As climate drives the water cy-
2005). This is because VFTs can be used to provide essentiale and such weather stations record hydrological variables
background information that may otherwise have to be deliv-(e.g. precipitation), this element of the project is of direct
ered in the field (Stainfield et al., 2000). Similarly, learning relevance to hydrology education. Due to the relatively large
tasks embedded in VFTs can be used for post-fieldwork renumbers of students taking the module (typically 150-200),
vision, assessment or further study (e.g. Hirsch and Lloyd,t had become impractical to take all of the students to the
2005). Finally, VFTs can provide opportunity for some sort weather station at once. Therefore, students were split into
of “field” experience where this would not otherwise be groups of 20-25, with seven tours being re-taught by staff
possible, for example due to large student numbers, finanever one afternoon. Clearly, this re-teaching takes up a rela-
cial constraints, logistics, or distance from intended field sitetively large amount of staff time. Furthermore, due to mod-
(Poland et al., 2003; Turney et al., 2004). ule scheduling, the tour occurs in January when day length
This paper evaluates the redesign of a fieldwork-baseds relatively short. This timing results in the last group of
geographic skills module taught at first year undergraduatestudents visiting the weather station near dusk, which com-
level in the UK. This revamp was facilitated by the introduc- bined with the occasional occurrence of inclement weather,
tion of mobile technology and a virtual field tour as teach- means that this exercise is not always popular (with either
ing aides, a combination we understand to be novel. Al-students or staff). Although the students were asked ques-
though primarily concerned with field mapping and clima- tions on the type and operation of instruments in the mod-
tology, there are strong parallels that can be drawn in termsile assessment, the tour is essentially an observational show-
of the teaching requirements across the discipline of Physicahnd-tell exercise.
Geography. As such, the mobile technology-based field exer-
cises, virtual field tour, associated pilot-tests and focus group
response presented herein provide an important opportunitg New learning and teaching innovations
to investigate and evaluate the effectiveness of these two
learning tools across the spectrum of undergraduate PhysWhilst still providing a basic introduction to mapping (in-
cal Geography subjects (including hydrology). In the contextcluding co-ordinate systems, projections, grids and datums),
of this special issue, we reflect on the implications of our ex-a new practical mapping exercise was produced based on
periences for education in hydrology. sources of spatial data, together with the concept of accu-
racy and precision of spatial data. Particular emphasis was
given to the use of GPS. As such, the new exercise aims to
2 Background and rationale for changes familiarise students with important basic skills and concepts
relevant for geographical analyses (such as of hydrological
The Physical Environment of Birmingham is a compulsory processes). The exercise itself involves collecting spatial data
Year 1 module for BSc and BA Geography students at the(in the form of track-logs and waypoints) using GPS-enabled
University of Birmingham, UK. This module is a cornerstone PDAs for various areas of the University campus. This infor-
of the first year Geography programme, and comprises an inmation was subsequently uploaded to a PC and plotted on
troduction to basic geographical skills in local field environ- digital UK Ordnance Survey maps (using the ArcGIS soft-
ments using the city of Birmingham as an urban, open-airware) and Google Earth images (Fig. 1). The exercise is
laboratory. The module includes linked projects on mappingassessed though a critical discussion of the differences be-
techniques and urban climatology. The original, pre-revamptween the collected GPS data, the Ordnance Survey map and
mapping component was based around paper maps and didoogle Earth images.
not train students in modern computer mapping techniques The air temperature mapping component was redesigned
such as geographical information systems (GIS). The use ofo incorporate the use of GPS and GIS and progressed
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Fig. 1. Sample output of GPS track-logs for the University of Birmingham campus, from Google Earth (left), and ArcMap (right).

from the new mapping project through its practical applica- volunteers were given a week to complete the new exercises
tion of skills. The new exercise comprised use of a GPS-(using GPS-enabled PDAs and virtual field tour weather sta-
synchronised GIS (using ArcPad software) on the PDAstion DVD). They completed a short questionnaire about the
to record and map temperature readings across a predexercises, after which a focus group meeting (convened and
fined area. These data were transferred to the more powefacilitated by an independent associate staff member) was
ful desktop-based ArcGIS software to create a temperaturdeld to discuss further their opinions.
surface (using spatial interpolation) to overlay with a map of The feedback from the pilot study questionnaires was very
the local area. A discussion of the reasons for the recordegositive (Table 1), particularly for the question of whether
variation in urban air temperature formed the assessment fonseful skills had been gained, and whether the new exercises
this exercise. represented an improvement over the previous versions. The
To overcome the aforementioned issues with the weathefocus group discussion largely confirmed the results of the
station field visit, a DVD-based interactive virtual weather questionnaire (i.e. students found the new exercises to be
station “field tour” was produced (Fig. 2). The DVD is pre- more educationally valuable and enjoyable than the old mod-
sented by the same staff who gave the original show-and-tellle design). This was stated as being due, in part, to the more
tour, and the content is very similar. The total running lengthactive nature of the new tasks (i.e. the incorporation of field-
of the DVD is approximately 40 min, and consists of a se-work in the mapping project, the need to answer questions
ries of short (2-3 min) video sequences explaining the rolewithin the DVD). The use of PDAs was generally considered
and operation of various instruments. Each sequence is folto be enjoyable, fun and exciting, while the opportunity to
lowed by a set of multiple choice questions, which must belearn about using GIS and GPS was a definite attraction for
answered correctly before the next sequence can be viewedll. The students particularly enjoyed the flexibility of being
(Fig. 2b). This means that whilst the DVD-based virtual field able to interact with the DVD at a time of their own choos-
tour is still essentially a show-and-tell activity, interactivity ing, as well as being able to watch it more than once. Given
on an individual level is forced by the need to answer for- the choice, all students said they would choose to take the
mative questions. Furthermore, the division of the DVD into redesigned module.
short sections provides opportunity for reflection and repeat The issue of using relatively sophisticated forms of tech-
viewing of the explanation of the weather station operation. nology was not found to be a barrier to learning, even by stu-
dents that considered themselves to be technophobes, with
the difficulty of the exercises considered about right. Al-
4 Evaluation though the instructions were thought to be as clear and
straightforward as possible, some complaints were made
To facilitate a comparative analysis of the old and new ex-about the PDAs being a little awkward to use, due to their
ercises, we needed students to complete both the old ansimall screens, fonts and buttons (reflected in the relatively
new exercises for the module. As such, at the end of thdow questionnaire score for ease of use of PDA). The need
2006/2007 academic year (the last year to run the old exfor sufficient (timetabled) technical support with respect to
ercises) we asked for volunteers from the current student coboth the PDAs and the GIS software was identified, which
hort to trial the new exercises. We had nine respondents, allvas subsequently provided as the revised module came into
of whom were selected to take part in the pilot study. The
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Fig. 2. (a) Start screen for the interactive DVIh) example formative multiple choice question from the DVD.

Table 1. Responses to questions from the nine focus group participants. Questions 1-5, 7, 9-12 were answered on a likert scale, with 1
indicating a difficult/negative response and 5 easy/positive response. The score for questions 6, 8 and 13 refers to the number of participant:
(out of 9) who agreed with the question.

Exercise Question Mean
response
UK Ordnance Survey vs. 1. Ease of use of PDA? 3.3
Google Earth mapping 2. Clarity of instructions? 4.6
3. Difficulty of exercises? 34
4. Enjoyment of exercises? 3.9
5. Useful skills gained? 4

6. GPS exercise an improvement (compared to 8
previous mapping exercise)?

7. GPS exercise: overall rating 4.2
Temperature mapping 8. Temperature mapping exercise an 8
improvement (compared to previous version)?
9. Temperature mapping exercise: 4.1
overall rating?
Weather station virtual 10. Explanation of operation of weather station? 4.4
field tour 11. Difficulty of DVD questions? 3.4
12. Confidence in taking measurements? 3.8
13. Prefer original visit? 1
14. Replace visit with DVD? 3
15. Use combination of both? 5

operation, along with some very basic instructions and FAQweather station, all were happy to have the existing tour re-
sheet. Although the PDAs were considered to be a significanplaced by the interactive DVD.
attraction of the new exercises, there was some nervousness The module has now run in its new form for four years.
about having to take care of them, especially in a situation ofThe cohort mean mark has been higher consistently for the
group responsibility. redesigned module (Fig. 3), with a mean of 60.0% for the
Despite the high rating for the improved clarity of explana- three years preceding redesign versus 63.8 % for the follow-
tion of the operation of the weather station in the DVD com- ing three years. A two-sample t-test shows that the difference
pared to the field trip, and subsequent increased confidencd@ marks between the two three year periods is statistically
in taking readings from the instruments, most students ini-significant atp = 0.05. Additionally, there was a much greater
tially did not want to remove the existing real field visit to the proportion of first-class grades (i.e. a mask0 %, which
weather station from the module. However, once reassure@s the top degree classification category in the UK) com-
that there would still be a member of staff on hand when theypared with the old module (Fig. 3). No first class grades were
actually took their first set of project measurements from theobtained in the three years prior to the redesign, whereas
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original focus group, with satisfaction scores for the prac-rjg 4. pre. and post-innovation cohort mean student feedback

tiCﬁ}' classes increasing from a mean of 3.0 to 4.0 (on a :!-‘(a) overall scores an¢b) scores for how helpful practical classes
5 Likert scale) between the three years pre- and post-redesigRere.

(Fig. 4). A two-sample t-test shows that the difference in
marks between the two three year periods is statistically
significant atp =0.05. Overall satisfaction with the module
showed a more modest (and not statistically significant) in-considering the role of technology in education (Fletcher et
crease, from 3.6 to 3.7 (on a 1-5 Likert scale; Fig. 4). Writ- al., 2007; Pathirana et al., 2012).
ten feedback from module development questionnaires fol- From a lecturer’s perspective, the interactive DVD is ad-
lowing the redesign has noted the DVD and opportunity tovantageous in that it avoid&f-vu style repeat teaching (and
use the PDAs frequently as positive elements of the modulehydrologists getting wet!) and has represented a significant
Overall, the response has been very good, with comments inime-saving now that the module has run for a number of
cluding “the practicals allow better understanding of topics” years. However, the front-loading of staff time in terms of
and “for someone not “into” physical geog. it was a very in- designing the exercises (particularly filming and editing the
teresting course :)". DVD) should not be underestimated, together with techni-
cal issues associated with these tasks (Popescu et al., 2012;
Rusca et al., 2012; Turney et al., 2004; Smith et al., 2002).
5 Discussion and implications for hydrology education ~ The difficulty of making slight year-on-year adjustments to
the content of the DVD (in comparison to actual field-based
This paper focuses on mapping and climatology applica-teaching) should also be noted (Mackenzie et al., 2003).
tions but the mobile technologies and virtual fieldwork ex- The experience of running this redesigned module pro-
periences have direct implications for hydrology educationvides insight into student perception of virtual versus actual
and Physical Geography learning and teaching more widelyfield exercises, although caution is required before any gen-
The increased interactivity, use of technology, and opportu-eral conclusions can be drawn from this small sample. The
nity for learning by doing provided by the new exercises arestrength of feeling expressed in favour of the DVD appears
considered key causes of the positive student feedback ansbmewhat surprising (especially in light of previous findings
improved marks achieved by the students (Stainfield et al.-- e.g. Spicer and Stratford, 2001); but this may be because
2000). Although the appeal of using the PDAs was undoubt-the old field exercise was not a particularly good example of
edly high for the students, as with the interactive DVD, it is “hands-on” fieldwork; it was primarily an observational visit
the enhanced interactivity and opportunity for “learning by with little interactivity (beyond rhetorical questions and an-
doing” that are considered to be the driving forces behind theswers) or opportunity for learning by doing. Therefore, it is
enthusiasm and success of the students. This emphasises tlileely that the increase in interactivity, rather than the trans-
imperative that it is the nature of the learning exercise, ratheffer to virtual environment, was the key factor in terms of the
than the technology used, that is of most importance wherenthusiasm for the DVD. It is also important to note that the
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students were still required to use the weather station; théuller, 1., Rawlinson, S., and Bevan, R.: Evaluation of Student
virtual field tour is being used to effectively deliver impor-  Learning Experiences in Physical Geography Fieldwork: pad-
tant background information and training in preparation for dling or pedagogy? J. Geogr. Higher Educ., 24, 199-215, 2000.
students going into the field to make their own meteorologi-H'rSCh' P. and Lloyd, K.: Real and Virtual Experiential Learning on

cal observations. the Mekong: Field Schools, e-Sims and Cultural Challenge, J.

The weather station DVD is amenable to distance learn- ©€09" Higher Educ., 29, 321-337, 2005. .
. . e . . Kent, M., Gilbertson, D. D., and Hunt, C. O.: Fieldwork in geogra-
ing and also possible distribution to hydrologists in less de-

. . hy teaching: a critical review of the literature and approaches,
veloped countries to aid in knowledge exchange. The con- 5’ éeogr_ Higher Educ.. 21 313-332 1997. PP

cept of developing an interactive virtual introduction to the Lonergan, N. and Andreson, L. W.: Field-based education: some
principles and operations of field-based equipment could be theoretical considerations, Higher Education Research and De-
applied also to other hydrological observations (e.g. dis- velopment, 7, 63-77, 1988.

charge or water quality). The DVD offers potential for re- Mackenzie, D. M., Hudson, N. F. C., Watson, A. P., Gale, J. F. W,,
training and lifelong learning to update skills as well as pro-  Jones, P. F., Regan, P. F., Wilkins, H., and Johnson, T.: The use of
viding a vehicle to enthuse interested laypersons in environ- C&IT to support fieldwork teaching and assessment at the Uni-
mental observation (to discuss the availability of the DVD,  Versity of Derby, Planet, 5, 11-14, 2003.

please contact David Hannah, University of Birmingham, McMorr_ow, J.: Using a Web-based Resourc_e to Prepare Students
at d.m.hannah@bham.ac.uk). for Fieldwork: Evaluating the Dark Peak Virtual Tour, J. Geogr.

. - . Higher Educ., 29, 223-240, 2005.
The skills gained from using the GPS-enabled PDAs forNash’ J. E., Eagleson, P. S., Philip, J. R., and van der Molen, W.

field mapping are directly appl!cable to o.the.r hydro_logy.fleld H.: The education of hydrologists, Hydrolog. Sci. J., 35, 12-23,
exercises (for example, mapping precipitation, soil moisture 1ggq.
or river networks). Competence with such modern teChnO"Pathirana, A., Gersonius, B., and Radhakrishnan, M.: Web 2.0
ogy is an important transferrable skill needed by hydrolo- collaboration tools to support student research in hydrology —
gists to be effective in a changing and increasing spatially an opinion, Hydrol. Earth Syst. Sci. Discuss., 9, 2541-2567,
and temporally complex world. Skills with such technology  doi:10.5194/hessd-9-2541-2Q12012.
are highly likely to improve the employability of graduates. Poland, R., Baggott la Velle, L., and Nichol, J.: The Virtual Field
In terms of the wider-scale significance of these findings S_,tation (V_FS): using a_virtu_al reality_ environment for ecological
for hydrology, it can be concluded that where virtual field- fieldwork in A-Level biological studies — Case Study 3, Brit. J.
work and mobile technologies have the potential to increase, Educ. Technol., 34, 215-231, 2003. . .
interactivity of the educational experience, they should be opescu, I., Jonoski, A., and Bhattacharya, B.. Experiences from
N online and classroom education in hydroinformatics, Hydrol.
welgqmed. However, extremg caution is needed b.efore the Earth Syst. Sci. Discuss., 9, 1311—1388j:10.5194/hessd-9-
decision can be made to deprive students of actual field expe- 1311-20122012.
rience. There remains significant value in making first-handrysca, M., Heun, J., and Schwartz, K.: Water management simu-
observation related to hydrological and other phenomena be- |ation games and the construction of knowledge, Hydrol. Earth
cause this is vitally important in understanding the complex- Syst. Sci. Discuss., 9, 3063—-308%0i:10.5194/hessd-9-3063-
ity of environmental systems and how theoretical knowledge 2012 2012.
can be applied in a real world context. Siau, K. and Nah, F. F. H.: Mobile technology in education, IEEE
T. Educ., 49, 181-182, 2006.
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